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Compilé par

J.L. Weeks

RÉSUMÉ

Les 19 et 20 septembre 1984, une réunion a eu lieu à l'Établisse-
ment de recherches nucléaires de Whiteshell, Pinawa, Manitoba, sur les étu-
des êpidémiologiques de populations exposées à de faibles niveaux de rayon-
nements ionisants. Douze représentants de trois pays ont assisté à la réu-
nion lors de laquelle onze communications ont été présentées et discutées
d'une manière approfondie. La majorité de ces communications décrivait des
études de populations exposées professionnellement aux rayonnements. Il y a
eu un échange précieux d'information et d'idées et on a identifié un certain
nombre de sujets nécessitant une étude supplémentaire dont le besoin de
considérer la synergie possible des matières radioactives et non radioacti-
ves dans l'êtiologie de la nêoplasie maligne. On y a également discuté
longuement de la mise en commun des données obtenues à partir des études et
on a convenu de tenir d'autres réunions pour poursuivre la discussion de ces
sujets.

Le rapport comprend les résumés des communications présentées et
des discussions qui ont eu lieu.

Réunion tenue à l'Établissement de recherches nucléaires de Whiteshell,
Pinawa, Manitoba ROE 1L0

L'Énergie Atomique du Canada, Limitée
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EPIDEMIOLOGICAL STUDIES OF SOME POPULATIONS EXPOSED
*

TO IONIZING RADIATION

Compiled by

J.L. Weeks

ABSTRACT

During 1984 September 19 and 20, a meeting was held at the
Whiteshell Nuclear Research Establishment, Pinawa, Manitoba to discuss
current epidemiological studies of populations exposed to low levels of
ionizing radiation. Twelve representatives from three countries attended
the meeting and eleven papers were extensively discussed. The majority of
these papers described studies of populations occupationally exposed to
radiation. A valuable exchange of information and views took place and a
number of topics were identified for further study. Among these was the
need to consider the possible synergism of radioactive and nonradioactive
materials in the aetiology of malignant neoplasia. The pooling of data
obtained from such studies was also discussed at some length and it was
agreed that these topics should be pursued at subsequent meetings of the
group.

The report contains summaries of the papers presented and of the
discussions that took place.

* Meeting held at Whiteshell Nuclear Research Establishment, Pinawa,
Manitoba ROE 1L0

Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment

Pinawa, Manitoba ROE 1L0
1985 August

AECL-8360



DEDICATION

Dr. John Reissland, Head of the Physics Department of the National

Radiation Protection Board (U.K.). died at the age of 44 on 1984 January 5,

as the result of injuries he received just before Christmas in a tragic fire

at his home.

John Reissland was widely known for his work in radiation epidem-

iology and was one of the founders of the National Registry for Radiation

Workers in the United Kingdom. By his work on this and other epidemiologi-

cal studies, he has achieved a well deserved international reputation among

a wide circle of colleagues and friends.

To his memory, this report of a meeting, in which he would have

taken part, is affectionately dedicated.



CONTENTS

Page

DEDICATION

1. INTRODUCTION

SYNOPSES OF PAPERS AND DISCUSSIONS 2

2.1 "The National Registry for Radiation Workers." 2
G.M. Kendall and J.A. Dennis

Attachment 1 - National Registry for Radiation Workers 8

Discussion 20

2.2 "The UKAEA Mortality Study."

A.N.B. Stott 22

Discussion 24

2.3 Discussion of Radiological Protection Standards 26

2-4 "The U.S. Department of Energy Health and Mortality
Study: The Oak Ridge Studies."
S.A. Fry, C C Lushbaugh, CM. Shy, D.L. Cragle, 28
H. Checkoway S. Blum, A V. Carpenter, E.A. Dupree,
E.L. Frome, P.G. Groer, and J. Wilson

Discussion 40

2-5 "The Hanford Study: Synopses of Topics Covered."

E S. Gilbert 41

Discussion 46

2.6 "The Ontario Hydro Mortality Surveillance Programme."

T.W. Anderson 47
Discussion 52

2.7 Breast Cancer Mortality Following Fluoroscopy in a
Cohort of Canadian Tuberculosis Patients."
G.R. Howe 53

Discussion 54

continued...



CONTENTS (concluded)

Page

2.8 "The Atomic Energy of Canada Limited (AECL) Employee
Health Study: A Status Report."
J.L. Weeks 55

2.9 "The Atomic Energy of Canada Limited (AECL) Employee
Health Study. Part II: Follow-up of Long-Term
Chalk River Employees."
D.K. Myers and M.M. Werner 58

Discussion 60

2.10 "Cancer and Workers' Compensation at Chalk River
Nuclear Laboratories."
D.W.S. Evans 61

Discussion 67

2.11 "A Cohort Study of Employees o:; Eldorado Resources
Limited"
G.R. Howe and J.D. Abbatt 68

Discussion 69

3. CONCLUSION 70

4. PARTICIPANTS 72

5 • PROGRAMME 75



1. INTRODUCTION

In 1982 June, the Society for Radiological Protection held its
Third International Symposium at Inverness in Scotland. The symposium at-
tracted a broad cross section of people interested in various aspects of
radiological protection and occupational medicine, among them several who
were responsible for, or who were otherwise engaged in, epidemiological
studies of the health of radiation workers. During the week of the sympo-
sium there were many opportunities for discussion. Before the meeting ended
it was tentatively agreed that a need existed for small group meetings on
the topic of Radiation Epidemiology and that the first such meeting should
take place at the Whiteshell Nuclear Research Establishment in Manitoba,
Canada. The purpose of such meetings would be to bring together those
studying the effects of ionizing radiation in human populations for two or
three days of informal discussion. Many epidemiological studies concern the
effects of occupational exposure to relatively low radiation levels over
long periods of time, and others relate to the effects of radiation used for
diagnostic or therapeutic purposes. Although studies of populations exposed
to higher than normal levels of natural background radiation were not inclu-
ded in the program for the Whiteshell meeting, such studies may be covered
on future occasions.

In the informal setting of these meetings, it is hoped that those
who attend will have an opportunity to report on the current status of their
studies and to discuss any problems that have arisen. If such an exchange
of information can be achieved, the meetings will be useful.

While the emphasis is upon informal discussion, a number of par-
ticipants at the first meeting expressed a wish that a record of it be kept
in a form to which reference can subsequently be made in the literature.
This report, containing synopses of the papers presented and brief summaries
of the discussions, has been prepared to meet that need.
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2. SYNOPSES OF PAPERS AND DISCUSSIONS

2.1 THE NATIONAL REGISTRY FOR RADIATION WORKERS

C M . Kendall and J.A. Dennis

INTRODUCTION

The National Registry for Radiation Workers (NRRW) is a long-term,
follow-up study of those who are occupationally exposed to radiation in the
United Kingdom. The analysis of Registry Data has four aims [1]:

(a) To determine whether there is any evidence of differences in the
causes of and ages at death of workers exposed to different levels
of radiation and, if any differences are found, whether it seems
likely that they can be attributed to radiation.

(b) To estimate the magnitude of the risk, if any differences are
found, that seem likely to be attributable to radiation.

(c) To estimate bounds to the possible risk for particular types of
malignancy, such as leukemia.

(d) To compare the mortality experience of radiation workers with
national mortality data and also with that of other industrial
groups for whom data exist.

If current estimates of the risks of ionizing radiation are cor-
rect, very few deaths will be induced in the study population and it will be
impossible to detect them statistically [2]. The NRRW would then find the
healthy working population that has been found in other studies of radiation
workers [3,4]. Nevertheless, the possibility exists that our present risk
estimates are too low or that there are specific rare malignancies that can
be detected against the natural background. The increased mortality from
multiple myeloma amongst Hanford plant employees, who received higher doses
than their fellow employees, is a possible example of the latter [5,6]. No
single study will be able to resolve these problems with absolute certainty,
because a specific finding could be due to chance or to some confounding
factor that could not be allowed for in the analysis. Nevertheless, an
analysis based on the NRRW data would include a large number of Person-Years
at Risk (PYAR) and a relatively large collective dose, and would therefore
contribute greatly to the pool of evidence.

The National Radiological Protection Board (NRPB) set up the NRRW
on 1976 January 1 after consultation with the nuclear industry and other
interested parties. The intention was to include all workers who had been
monitored during their work and for whom radiation dose records had been
kept. However, data collection would be easier and the analysis more
straightforward if attention were first concentrated on the employers of
large numbers of radiation workers in the nuclear industry. There were
special problems in tracing ex-workers, i.e., those who had already ceased



- 3 -

radiation work when the NRRW was set up. However, a pilot study by British
Nuclear Fuels Limited (BNFL), one of the main contributors to the NRRW, con-
firmed that the inclusion of ex-workers was practicable [7] . A number of
other organizations (the United Kingdom Atomic Energy Authority, the Atomic
Weapons Research Establishment and the Central Electricity Generating Board)
are also conducting studies of their ex-workers. Arrangements have been
made to transfer information on these ex-workers to the NRRW as soon as
practicable.

Two special groups identified for inclusion in the NRRW were
(i) miners who might be exposed to elevated levels of radon and (ii) workers
who were exposed to plutonium. However, the Expert Committee for the study
advised that the primary goal is a comparison of age-specific death rates as
a function of dose of penetrating radiation from external sources. This
will include most radiation workers. It is still hoped that miners and
plutonium workers might be considered in the future. There are still pro-
blems in assessing exposures and in dosimetry that will complicate the anal-
ysis. In the case of miners, the occurrence of other occupationally related
disease is a further complicating factor.

STATUS OF THE NRRW

Data held by the NRRW will be described in Supplements to the
Protocol for the study. In the first of these supplements, Darby and Saw
[8] describe data held at the end of 1981. Tables 1 and 2 contain some of
the contents of this Supplement. A second Supplement, containing data held
at the end of 1983, is planned and should be produced at the end of 1984.

The increase in the number of participants in the NRRW is shown in
Figure 1. The NRRW now includes records for over 60 000 individuals. Over
three-quarters of these have been flagged with the National Health Service
Central Register so that the NRRW will receive Death Certifications in due
course. There has recently been an improvement in the number flagged, but
the position is still far from satisfactory. Nearly all the unflagged indi-
viduals are employees of one large organization, and steps are in hand to
collect the information needed for flagging in a more direct way than has
hitherto been used.

It is conservatively estimated that 60 000 participants contribute
about 400 000 Person-Years at Risk (PYAR) to the study. This is an average
of only six PYAR per participant and reflects that, except for BNFL
Sellafield, the data on ex-workers (i.e., those leaving employment before
1976 January 1) have not yet been transferred to the NRRW. When the ex-
worker data are received, it is estimated that the number of PYAR per par-
ticipant will increase to more than ten and the total PYAR will be more than
one million. The importance of including ex-worker data in the NRRW has
been emphasized by Reissland et al. [9].

Studies of ionizing radiation are, of course, far better placed
than most other epidemiological investigations of occupational exposure to
carcinogens because detailed and quantitative measurements of ionizing radi-
ation are routinely kept (see Table 3). However, the very sophistication of
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the monitoring programmes means that care must be exercised in the interpre-
tation of results. It must always be remembered that a main aim (and until
recently perhaps the overwhelming aim) of programmes of personnel monitoring
has been to demonstrate compliance with legal or administrative dose limits.
This means that procedures have often been adopted that ensure that doses
are not underestimated. Realistic estimates of dose should be used where
possible, for epidemiological purposes. The effects of pro rata notional
doses, threshold doses and recording levels have been discussed in recent
publications [10,11] . Table 4 summarizes dose-recording conventions used by
the major organizations participating in the NRRW and indicates how conven-
tions have changed over the years. It can be seen that a variety of conven-
tions have been used.

When dosimeters have been lost or dose cannot be assessed for some
other reason, it has sometimes been the practice to assign an estimated
dose, e.g., based on the experience of other workers. It is proposed that
these doses be accepted as they are. If, on the other hand, a pro rata
fraction of the dose limit has been assigned, it should probably be removed
since it is likely to overestimate the received doses substantially.

It is also likely that doses could be overestimated if the thresh-
old of detection of the dosimeter is entered into the record when a higher
dose is not assessed. It is probable that estimates of dose would be im-
proved if the minimum recorded dose (i.e., dose threshold times number of
dosimeter issues) were subtracted from all doses. If more information ex-
ists, more complex corrections can be considered [10,12].
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TABLE 1

EFFECTIVE COVERAGE OF THE STUDY POPULATION AT 1981 DECEMBER 31

Organization*

BNFL
CEGB
MOD
MRC
NRPB

Other organizations
SERC
SSEB
UKAEA

TOTAL

Current Total
Study Population

12 493
5 955
22 557

65
163

1 902
910

1 294
8 535

53 874

Number of Individuals
on NRRW

7 008 (56%)
3 525 (59%)
17 941 (80%)

63 (97%)
126 (77%)

1 695 (89%)
860 (95%)

1 242 (96%)
7 729 (91%)

40 189 (75%)

Number of
Positive
Refusals

289 (2%)
347 (6%)
162 (1%)
2 (3%)
5 (3%)
20 (1%)
22 (2%)
52 (4%)

215 (3%)

1 537 (3%)

CEGB - Central Electricity Generating Board
MOD - Ministry of Defence
MRC - Medical Research Council
SERC - Science and Engineering Research Council
SSEB - South of Scotland Electricity Board
UKAEA - United Kingdom Atomic Energy Authority

TABLE 2

SUCCESS IN FLAGGING WITH THE UNITED KINGDOM OFFICE OF

POPULATION CENSUSES AND SURVEYS (OPCS) AT 1981 DECEMBER 31

Organization

BNFL
CEGB
MRC
MOD
NRPB
Other Organizations
SERC
SSEB
UKAEA

TOTAL

Number of Individuals
on NRRW

7 008
3 525

63
17 941

126
1 695
860

1 242
7 729

40 189

Number Sent to OPCS
for Flagging

6 834 (98%)
3 281 (93%)

63 (100%)
4 371 (24%)
108 (86%)

1 391 (82%)
857 (100%)

1 239 (100%)
6 411 (83%)

24 555 (61%)
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TABLE 3

DOSE DATA HELD BY THE NRRW AT 1981 DECEMBER 31

Organization

BNFL
CEGB
UKAEA
MOD
SSEB
OTHERS

TOTAL

Number
Entered

9 507
3 525
8 110
20 508
1 307
4 817

47 774

Collective
Dose
(Sv)

762
132
532
442
47
183

2 098

Number with Lifetime Doses in Range

< 10
mSv

3 804
888

2 743
12 871

437
2 906

23 649

10-50
mSv

2 573
1 806
2 730
5 428
528

1 330

14 395

> 50
mSv

3 130
831

2 637
2 209
342
581

9 730



TABLE 4

RECORDING OF PERSON DOSEMETER RESULTS*

Site

BUT.
JCTT»f<i»'M

Spriqgfie]*

Chpenliirst
Chapelcross
Rislejr

csz

MS
SEE

ISPS

(i)

Period
Fran to

1949 to date
1949 to date

1949 to date
1949 to date
1949 to date

-1972
1972-

1950 Dec 1956

Jan 1957 Jan 1962

feb 1962 Mai 1963

Mar 1965 Date

pre 1/1/82
after 1/1/82

(11)
tfeitural

Background
Subtracted

From
Doseaeter

Assessnents
(Yea/No)

Yes
Yes

Yea
Yes
Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes
Yes

(lli)
Doseneter Sens i t iv i ty and Recording Pol icy

DoeeoEter Threshold
of Detection

( e . g . 10 nrem)

10 mren
10 mren

10 mran
10 mean
10 rarem

10 mrem
10 nran

lOmran

20 mrem

6 mrem

5 urem

10 nren
5 mrem

Are Subthreshold
Doses Qitered as

Zero or
Threshold?

Zsro
Zero

Zero
Zero
Zero

Nearest 10 mran
Zsro

Recorded as
Threshold

Recorded as
Threshold

Recorded as
Threshold

Recorded as
Threshold

Threshold
0

Dose recording
Strategy, e .g.
to Nearest
10 mrem, to
Nearest 5 orau
Above, etc.

Nearest 10 area
Nearest 10 urea
hit- 1 1A
cut l 14 mrem
entered as 10 urem

Nearest 10 arm
•fearest 10 nrem
Nearest 10 mean

Nearest 10 mrem
Above

Bounded up to
Nearest 10 mrem

Bounded up to
Nearest 10 mran

Rounded up to
Nearest 10 nrem

Bounded up to
Nearest 10 mrem

Nearest 5 Bran
Nearest 5 Mran

(iv)
Periods for i*lch no dosemeter result Is a'«ilable.

e.g.
A realistic estlsste of dose Is entered In therecord, or
A pro rata fraction of the dose limit Is entered in
the record. Please also specify dose limit used.

e.g. 5 urea/year

A realistic estimte of dose i s entered except:
1. Sellf ield and Capenhurst entered as l o s t" or

aaoagea ueiore i?j8*
Z. Capenhurst entered pro rata notional dose frcm

1958 to 1969.

A realistic estimate of dose i s used (ulth very feu
exceptions?)

Fro rata fraction of dose limit entered in the record
at 5 ran/year exLept for Juveniles (less than 18
years old) and rodtored nooradlatlon workers when
the limit i s 0.5/rem year.
Fro rata fraction of dose limit entered in the record
at 5 ren/year except for juveniles (less than 18
years old) and monitored nonradiatlOQ workers when
the limit i s 0.5/ran year.
Pro rata fraction of dose limit entered in Che record
at 5 rem/year except for juveniles (less than 18
years old) and monitored nonradiatlon workers when
the limit Is 0.5/rem year.
Fro rata fraction of dose limit entered in the record
at 5 rem/year except for JuuBilles (less than 18
years old) and monitored nonradlatlon workers when
the limit i s 0.5/rem year.
Esther dose fran QFE or pro rata (only the latter
will be described as notional dose).

I
00

I

* 1 ra • lOmSv continued...



TABLE 4 (concluded)

Site

NRPB
uther firms
employing
radiationworkers
(only poet
1978) .

SBC
ICtherford

Daresbury

SSEB

IKAEA
lErwel l &
Culham
Daunreay
Wnfrith

W
Calendar
Period

Fran to

1971 - 1977

1978-

1966- ftr 1971
(fer 1971-Apr 1981
ffey 1981-

1966 1981

1976 1981
Him lA/76-31/3/78
TlD*l/4/78-1981

(11)
(fatural

Background
Subtracted

Fran
Kfseneter

Assesanents
(Yes/No)

Yes

Yes

Yes

Yes
Yes
Yes

Yes

Yes

Yes
Yes
Yes

(HI)
Dosemeter Sensitivity and Recording Policy

Dosaneter Threshold
of Detection
(e.g. 10 mem)

20 mrem

5 mrem
reported as
10 mrem

4 weekly 5 mren
4 weekly neutron

(20 raran)
6 oonthly TLD

(50 mrem)
6 monthly neutron

(30 mrem)
20 mrem
20 mrem

5 mran reported as
10 raraii

10 mran

5 mrem

10 mran
5 mrem
0

Are Subthreshold
)3ses Entered as

Zero or
Threshold?

20 mrem

0 mraa

0

50 mran

30 raran

0
20 mrem
0

10 mem

Threshold

Threshold
0
0

Dose recording
Strategy, e.g.
to Nearest
10 mrem, to
fearest 5 mrem
Above, e t c .

Nearest 10 mrem

Ifearest 10 mrern

Nearest 10 mreu

Ifearest 10 mran
Nearest 10 mrem

Nearest 10 mrem

Nearest 10 mrem
Nearest 10 mrem
Nearest 10 mrem

Nearest 10 mrem

As measured

10 mrem
Nearest 10 mran
Nearest 10 mrem

(iv)
Periods far which no dosexeter result is available.

A realistic estimate of dose i s entered In the
record, or
A pro rata fraction of the dose limit Is entered In
the record. Please also specify dose Limit used.

e.g. 5 rem/jear

Pro rata fraction of 5 ran

Pro Tata fraction of 5 rem

tto estimate made. Instead number of doseneters for
which no dose Is available Is given.

Pro rata fraction of 5 ran

Realistic estlnate except where no information
available In which case pro rata limit

Pro rata fraction of S rem

Pro rata fraction of S res
Either
Either

* TLD is Ihermolumlnscent doseoeter



FIGURE 1: The Growth of the National Registry for Radiation Workers (NRRW)
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ATTACHMENT 1

WATTOWAL REGISTRY FOR RADIATION WORKERS

National Radiological Protection Board
( T ) , M E S , (MtOTOCOL))

Ctiilton, Dldcot, Oxon 0X11 ORÛ Ttliphon«: Ablngdon (0236) 831600

National Registry for Radiation Workers

Abridged Protocol - September. 1.964

Study Iiiti Dr S Rae

Dr G M Kendall

Mr J R Ennli

H n G H A Sew

Mla* J A Jone«

Hr S Rae«

Introduction

Xonlalng radiation h*» been uaed lncreadngly for Mdlctl and Industrial

purpoaee over the lait 30 ytara. Although excea« riak of cancer has long

b««n known to be a potential hazard fro« auch cxpoaura, thara la atlll

conaldarabla uncertainty ai Co th* aagnltud* o( th* rlak In aan following

axpoaur* at vary low lavala auch aa ara racalvad by thoaa oecupatlonally

•xpoaad to radiation. Thla uncertainty haa led to concern In aoae quarter*

that th* rlak. attisât** currently uaad in radiological protection «ay be too

low, while othera argue that they aay be unneceaaarlly reatrlctlve. Fart of

the uncertainty arlae* alnce, for occupational axpoaure*, doaea are low and

and accumulated alowly over long période, while eatlaatea of the rlak

ln*olv*d are derived oalnly by extrapolation fro* follow-up itudie* on

population* axpoaed to relatively high doeee of radiation accuauleted In

lhort tlae Interval*^ ' ', auch a* th* Japanaaa atonic boab «urvlvor* and

patlant* treated with lotanaiv« aplnal radiation for ankyloalng apondylltl*.

Th* uncertainty In th*** extrapolated value* la particularly great alnce the
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precise Hechanlsa of causation of radiation-Induced cancer remains unknown

and hence the shape of the dose-response relationship is uncertain.

Objectives of the Registry

(1) To determine by a follov-up study whether there Is

any evidence of differences in the causes of and the

age at death of workers exposed at different levels

of radiation, and If any differences are found

whether It seems likely that they can be attributed

to radiation.

(11) If any differences are found which seem likely to be

attributable to radiation, to estimate the magnitude

of the risk.

(Ill) To estimate bounds to the possible risk for

particular types of malignancy, such as leukaemia.

(lv) To compare the mortality experience of radiation

workers with national mortality data, and also with

that of other industrial groups for whom data exist.

Overall plan of the study

The National Registry for Radiation Workers (NRRW) Is a follow-up study

designed to provide direct evidence as to the appropriateness of the current

risk estimates for low doses of Ionising radiation. The aim of the study is

to consider adverse health effects In relation to known radiation doses and

therefore the target population for the study consists of all persons who

have ever been monitored In the course of their work and for whom records

have been kept. Such persons will subsequently be referred to as radiation

workers. Initially, radiation workers In the nuclear industry and Ministry

of Defence employees were included although the study population has now been

extended to cover other groups Buch as industrial radiographers, workers

involved with radlochemlcals and radiation workers In research organisations.

A list of those organisations now participating In Che NRRU Is given In

Appendix A. In the future, further extensions to the study may be made to

Include other radiation workers, for example those In health care services,

universities and hard rock mining.

The Registry was planned to cover radiation workers employed at any time

by the participating organisations' '. However, there Is a substantial
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anount of work Involved In the collection and validation of data relating to

ex-employees. Therefore It was agreed with the major participating

organisations that data collection should concentrate Initially on those who

were being monitored on 1.1.76 or who have been monitored at any time since

then. A summary of the data collected for each Individual who enters the

study Is given In Appendix B. As the data are collected, checks are made for

completeness and consistency, and vigorous attempts are made to correct any

mistakes or omissions. Arrangements are now being made to move the starting

date for the study backwards In time wherever the necessary records exist,

thus Including on the Registry radiation workers who ceased to be monitored

prior to 1.1.76 and complying with the recommendations of the Royal

Commission on Environmental pollution . Detailed dose Information prior

to 1976 is also being collected for all Individuals on the Registry.

The data being collected in the NRRW are treated as highly confidential.

Precautions have been taken to ensure that there can be no unauthorised

access to the data base and data from the NRRW will not be made available to

provide evidence about Individuals In legal or administrative procedures.

Apart from communications with the participating organisations for the

purpose of checking the data, or returning to each organisation data on Its

own workers in a form suitable for analysis, any release of Information will

be in anonymous statistical form.

Individuals included in the study are flagged on the National Health

Service Central Register (NHSCR) and the NRRW is sent a copy of the death

certificate when an Individual iles. Attempts will be made to confirm the

certified cause of death from hospital records wherever this is appropriate.

The NHSCR also Informs the NRRW if it is known that an individual has

emigrated together with the date of embarkation.

As the data accumulate, they will be analysed at regular Intervals.

Initially such analyses will consist of examining the mortality from various

causes in relation to- the recorded penetrating external radiation dose while

allowing for the likely latent period In the development of radiation-Induced

conditions and taking Into account as many as possible of the other factors

that are known to influence mortality. Of these other factors age, sex,

calendar year, length of time since commencement of radiation work, type of

work (whether industrial or non-Industrial), length of time spent as a

radiation worker, whether or not employed as a radiation worker at a given

time and estimated exposure to background radiation will be taken Into

account on an Individual basis. Other factors 9uch aa regional variations
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In Mortality, and contact with known chealcal and Industrial carcinogens will

be dealt with Initially by means of site by site comparisons. Individuals

known or thought to have significant Internal radioactive contamination will

be considered separately, although at present it is thought that there will

be too few in this category to allow for detailed analyses of mortality in

relation to Internal radiation doses. In addition there are difficulties in

assessing Internal doses for some nuclides.

If the results of our analyses Indicate that there 1B evidence of a

relationship between radiation exposure and risk, efforts will be directed

towards estimating that risk. However, unless the estimates of risk given in

ICRF Publication 26 are much too low it la unlikely that positive evidence

of radiation induced conditions will be found for a considerable period, and

I D this case further analysis will concentrate on estimating likely upper

bounds for the risks Incurred by radiation workers.

The study has been extended to Include an examination of cancer

incidence through the National Cancer Registration Scheme which might be

particularly helpful in assessing the risk of certain types of cancer which

are often non-fatal, such as thyroid cancer and certain skin cancers.

Possible future extensions of the study

In addition to the examination of mortality and cancer incidence

described above, the possibilities of gathering Information on smoking

habits, medical x-rays and exposure to Industrial carcinogens other than

radiation are also being investigated. These factors may be Important since

exposure to them might mask or exaggerate any radiation-related effects. One

possibility might be to collect data on one or more of these factors for a

snail proportion of our study population, for example in a case-control

study-

Further details of the design and execution of the study can be found in

full protocol

Stationery Office.

the full protocol , and it's supplement available from Her Majesty's
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APPENDIX A - Organl»«tlons participating In th« Registry In September 198*

British Nuclear Fuels Limited (BNFL)

Capenhurst

Chapelcross
Rlsley
Sellafleld
Springflelds

Central Electricity Generating Board (CEGB)

Berkeley Laboratories
Berkeley Power Station
Bradwell
Dungeness
Hartlepool
Hlnkley Point
Oldbury
Slzewell
Trawsfynydd
Wylfa

Medical Research Council (MRC)

Cyclotron Unit
Kadloblological Unit

Ministry of Defence (MOD)

Army
Atomic Weapons Research Establishment (AWRE)
Civilians
Royal Air Force
Royal Navy

National Radiological Protection Board (NUPB)

Chllton
Glasgow
Leeds

Firms employing Industrial radiographers

Alton & Co. Ltd.
Atkins Inspection Serv. Ltd.
BAT (UK 4 Export) Ltd. (Liverpool)
BAT (UK & Export) Ltd. (Southampton)
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Beechama Pharmaceuticals (Epsom)
Beechams Pharmaceutical* (Rarlou)
BIX (UK) Ltd.
Bradford Royal Infirmary
British Gas
CBI Constructors Ltd.
Catton & Co. Ltd.
Cleveland Bridge & Eng. Ltd.
Eng. Test. Serv. (Northern) Ltd.
Electron Beam Processes Ltd.
English Clays Loverlag Ponchin & Co. Ltd.
Foster Wheeler Power Engineering Ltd.
Frlmley Park Hospital
Glasgow University
G.E.C. Power Eng. Ltd.
Head-Wrlghtson Teesdale Ltd.
Hopklnsons Ltd.
Ioverask Paper Co. Ltd.
J.R. Bramah & Co. Ltd.
K.L. Foundries Ltd.
Measurex International Systems Ltd.
Metal Testing Services (International) Ltd.
Mollns To "ceo Machinery Ltd.
National uoal Board (Mining R & 9 Estab.)
National Supply Co. (UK) Ltd.
NEI Clarke Chapman Power Eng. Ltd.
NEI Reyrolles Ltd.
Newton Chambers Ltd.
Non Destructive Testers Ltd. (Sheffield)
Nottingham University
Oilfield Inspection Serv. (Aberdeen)
Oilfield Inspection Serv. (Dundee)
Plessey Office Systems Ltd.
P. & 0. Mobile Lab. Ltd.
Problematics Ltd.
Procor (UK) Ltd.
Quality Inspection Serv. Ltd.
Rank Precision Industries Ltd.
Redpath Engineering Ltd.
Regional Radiotherapy Centre (Guildford)
Rolls Royce Associates
Rolls Royce Nuclear Division
Scanray (IT) Ltd.
Schlumberger Inland Services Inc.
Securlcor Ltd.
Steetley Chemicals Ltd.
T.I.M.E. Ltd.
Unit Inspection Co. Ltd.
Wlggln Alloys Ltd.
Witnpey Group Services Ltd.
Yarrow (Shipbuilders) Ltd.

Science and Engineering Research Council (SERC)

Rutherford and Appleton Laboratories
Dareabury Laboratory
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South of Scotland Electricity Board (SSEB)

Hunteraton

Amersham International pic

United Kingdom Atomic Energy Authority (UKAEA)

Culhan

Dounreay

Harwell

Rlsley

Sellaflelds

SpringfIeld8

Winfrlth
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APPENDIX B

Data for National Registry for Radiation WorkerB for
Workers In Catgegorlea A and D

Personal: 1. *Name
2. Date of Birth
3. Sex
4. *Natlonal Insurance Number
5. National Health Number
6 > *Personnel Number
7 . Date of Employment
8. Date Employment Ceased
9. Year of Conmencement as a Radiation Worker

10. Date of Entry to the NRRW
11. Industrial Classification
12. *Update Status

Exposure; 13. Body Penetrating External Radiation Dose

a) Dose history on an annual basis
*b) Dose In year

14. Notional Component of Dose

a) Dose history on an annual basis
*b) Dose In year

15. Neutron Dose

a) Dose history on an annual basis
*b) Dose In year

16. Internal Contamination

a) Monitored for Pu?
b) Monitored for 3H?
c) Monitored for any other?
d) Known 'jody content?

17. Involved In Radiological Accident or Incident?

•Data required annually. All other data to be submitted only on first entry,
or If It has changed.
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DISCUSSION

An interesting aspect of the National Registry for Radiation
Workers (NRRW) is that it depends on the consent of those who are regis-
tered. In this respect, it is similar to the Atomic Energy of Canada
Limited (AECL) Employee Health Study. Nevertheless, the number of positive
refusals to participate in NRRW is small, about 3%, with 75% of a total
study population of 53 874 being registered at the end of 1981. Since then,
work aimed at the inclusion of "non-responders" has continued.

Much of the discussion that followed Dr, Kendall's paper dealt
with the weight to be attached to dose data available to epidemiological
studies. It was noted that in some populations being reviewed at this meet-
ing, even though some workers were not issued dosimeters during the earlier
years of atomic energy projects, this did not necessarily mean that none of
these workers had been exposed to radiation. In such cases, it has been the
practice to assign "notional doses" to those Individuals, and a strong re-
commendation was made that instances where this had been done should be
clearly identified in published reports, otherwise serious misinterpretation
would be possible. Attention was also drawn to the possibility of discrep-
ancies between doses measured by photographic film and those measured by
thennoluminescent dosimeters. This topic is also discussed by Dr. Stott
(see Section 2.2). The practice of assigning a minimum dose at each reading
of a dosimeter was considered to contribute a significant number of person-
Sieverts to a population that may well not have been exposed to such levels.

The task of identifying the mortality experience of populations
occupationally exposed to ionizing radiation will become more complex as
attempts are made to relate this experience to radiation exposure. During
this part of the discussion, it was suggested that dosimetric data in their
present state are sometimes more relative than absolute and attempts should
be made to determine formally the potential for error in currently available
data.

The selection of control populations is often a topic for lively
discussion; this meeting was no exception. It was affirmed that the ideal
control population does not exist and, further, it was added that there is
little to be gained by the laborious development of external controls for
populations of radiation workers. The reason for this position is that most
populations of designated radiation workers contain large subgroups whose
occupational radiation exposures have been zero or very low. External con-
trols were, however, considered to be useful for comparing the mortality
experience of high-dose groups for whom appropriate internal controls were
not available.

An interesting theme that arose during this discussion, and was
developed during subsequent discussion periods, related to the possibility
of pooling mortality and exposure data from the many studies that are now
being undertaken around the world. While geographical variations in the
incidence of disease must be recognized when such pooled data are assessed,
there was a strong feeling that the statistical power of the studies would
be greatly enhanced by pooling of data and that in fact no assessment could
be made of the value of such an approach until it had been tried.
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Power calculations of some studies have been undertaken, but an
opinion was expressed that their value was not great because systematic
errors are more important than those occurring randomly. The subject of
error was again Introduced when it was observed that the manual search and
entry of data had been found to lead to a greater number of errors than had
been the case with computerized searches.
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2.2 THE UKAEA MORTALITY STUDY

A.N.B. Stott

The United Kingdom Atomic Energy Authority (UKAEA) is a major
contributor to the National Registry for Radiation Workers conducted by the
National Radiological Protection Board (NRPB) since 1976. It was thought,
however, that the UKAEA should conduct its own survey of the mortality ex-
perience of its employees since its inception, although we have always main-
tained records of the cause of death of in-service employees and pensioners
in our superannuation scheme.

Accordingly, in 1979 the UKAEA started a survey of the causes of
death up to 1979 December 31 of all past and present employees of the orga-
nization in its present form, with special reference to the effects of radi-
ation exposure on mortality. Certain categories of previous employees are
excluded from this study: those who were statutorily transferred to the
Radiochemical Centre Ltd. (now Amersham International) and to British
Nuclear Fuels Ltd. (BNFL) at the time of formation of these two companies in
1971; those who transferred to the Ministry of Defence when the Atomic Wea-
pons Research Establishment, Aldermaston came under its control in 1973;
and employees who had left the Authority's service from these establishments
before the above-mentioned transfers took place. Employees and ex-employees
of BNFL and Aldermaston are incorporated in the mortality studies currently
being conducted by these organizations.

Because of the importance of having this done expertly and inde-
pendently, the Authority invited the Medical Research Council (MRC) to audit
the collection of the appropriate data and to carry out the subsequent anal-
yses. The MRC nominated the Epidemiological Monitoring Unit (EMU) of the
London School of Hygiene and Tropical Medicine to do this task.

The aims of the UKAEA Study are as follows:

(1) (a) Compare within the UKAEA the mortality of radiation workers with
that of nonradiation workers;

(b) compare the mortality of radiation workers at varying levels of
radiation exposure to establish whether there is any evidence of a
dose-dependent excess of mortality;

(c) determine whether deaths from specific diseases, especially malig-
nancies, are more common among radiation workers than nonradiation
workers and, if so, their relationship to level of radiation ex-
posure; and

(d) compare the mortality of UKAEA employees with that of the popula-
tion of the United Kingdom.

(2} Establish, if an excess mortality is found to be associated with
radiation exposure, whether such excess is compatible with the
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current risk estimates of the International Commission on Radio-
logical Protection (ICRP).

The tracing of subjects has been achieved with an extremely high
success rate, and representative samples of data have been validated. The
analyses are now being conducted by the EMU and results should be available
by the end of 1984. These will have to be presented in the first instance
to the Epidemiology Sub-Committee of the MRC Committee on the Effects of
Ionising Radiation (CEIR) before ratification by the MRC for decision on
publication. This clearance process is likely to extend to late 1984.
Arrangements have also been made to extend the data base to include employ-
ees of the UKAEA beyond 1979 December 31 and to continue to log details of
causes of mortality for all employees beyond this date.

The population of the main phase of the study comprises over
50 000 persons (36 000 ex-employees and 14 000 current employees). Of
these, 32 000 have some record of radiation monitoring, with a total recor-
ded dose for the study of 570 Sv (57 000 rem). Although the statistical
power of such a study is limited, it should help provide assurance on the
validity of current estimates of radiation risks.
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DISCUSSION

In presenting his paper, Dr. Stott explained that, while the popu-
lation of the United Kingdom Atomic Energy Authority (UKAEA) formed a large
segment of the population available to and included in the National Registry
for Radiation Workers (NRRW), there was a need to respond to staff concerns
by determining as quickly as possible how mortality experience in the UKAEA
compared with published accounts of the mortality experience in the Hanford
population. Therefore, a separate UKAEA mortality study was established and
put into effect by an agency outside of and uncontrolled by the UKAEA.

The study is described in the foregoing summary and, in addition
to those aspects of epidemiological programs that are common to the other
studies discussed at this meeting, it has involved a major effort to iden-
tify and allocate social class to the participants. Social class is custom-
arily considered in British epidemiological practice, but it is encountered
less often in studies undertaken outside the British Isles. The emphasis
placed on the importance of social class gave rise to extensive discussion.
There was particular reference to the increasingly frequent phenomenon of
upward social mobility. This in turn leads to questions concerning the need
to maintain records of current social class on the assumption that, like
some immigrant groups, people assume the diseases of the social niche cur-
rently occupied. The converse hypothesis would be that the mortality of a
cohort remains that of its social class of origin. There appears to be
little hard data to support either viewpoint.

The development of cancer registries in the United Kingdom was
noted and their importance was stressed because cancer incidence is increas-
ingly recognized to be as important as mortality.

There was further discussion of the quality of the dosimetric
data, particularly the attribution of threshold dose. Dr. Stott mentioned
that a review of old film badges used by UKAEA staff is planned, to derive
an appropriate correction factor and to ensure consistency between the expo-
sures recorded by photographic film and by theriaoluminescent dosimeters.

In the UKAEA study, the possibility that a registrant may have
received exposure attributable to internal contamination is noted in the
data base so that, if necessary, an appropriate dose can be assigned after
further investigation. In the case of tritiura contamination, a whole-body
dose is recorded. The identification of potential confounding factors, such
as those associated with lifestyles and with exposure to nonradiological
occupational carcinogens has been considered, but such a program is not
planned at present. Medical diagnostic and therapeutic radiation exposure
presents similar problems, especially when the signal-to-noise ratio is
large. It was felt, however, that this potential confounding factor might
be present equally in the occupationally exposed and in the control popula-
tions and would thus cancel itself out. The error implicit in such an as-
sumption is probably no greater than the inherent errors of retrospective
dosimetry.

A question was asked about the efficiency of the United Kingdom
Office of Population Censuses and Surveys (OPCS). Dr. Stott replied that



- 25 -

while OPCS Is a very effective operation, UKAEA does know of some 40 to 50
deaths among its employees that are apparently unknown to OPCS.

Here a difference between the UKAEA study and the NRRW becomes
apparent. The Authority study uses available retrospective data, while NRRW
was set up to receive prospective data initially. It Is intended that
retrospective data will be included in NRRW and the transfer of such data
from BNFL has commenced. The transfer of retrospective data from UKAEA to
NRRW will start shortly.

Towards the end of the discussion, it was suggested that a need
exists for an internationally acceptable definition of a radiation worker.
The definitions presently used are not consistent in the several studies
described and there is, therefore, a likelihood that some studies will
include segments of the population excluded from others.

It is hoped that two preliminary papers giving results from the
UKAEA study will appear in the Lancet during 1985.
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2.3 DISCUSSION OF RADIOLOGICAL PROTECTION STANDARDS

In place of a scheduled paper that was cancelled at short notice,
Dr. J.L. Weeks initiated a discussion of the current system of dose limita-
tion. He mentioned some of the questions raised in Canada after the issue
by the Atomic Energy Control Board (AECB) of a Consulative Document (No.
C-78) for public comment. This document, entitled "Limitation of Exposure
to Ionising Radiation", deals at some length with the bases of regulatory
standards for protection against exposure to ionizing radiation. The ques-
tions concern many areas of the proposed regulations and serve to illustrate
the difficulties inherent in explaining to radiation workers the background
to and, at times, the philosophy underlying such regulations. In particu-
lar, the representatives of employees have asked searching questions about a
standard that sets a 50-mSv maximum for annual exposure on the apparent
assumption that the average annual exposure in an exposed population is
rarely in excess of 5.0 mSv.

In the discussion that followed, it was emphasized that the con-
cept of the nuclear industry as being a "safe industry," having an annual
fatality rate no greater than 10"1*, is no different from the assessment of
other "safe industries". In such industries, the range of risk can run from
a value lower than 10"1* to one higher than 10"1*. Consequently, the average
annual risk of 10"1* is fair, even though it is necessary to examine care-
fully the working conditions of those employees in higher than average risk
areas of a "safe industry". The safety experience of store employees ex-
posed to the hazards of forklift trucks In the "safe" occupation of retail
food distribution would be an example of the way in which such an approach
might operate.

The value of the "ALARA" concept, which implies the need to justi-
fy exposures exceeding the average, was emphasized. The rigorous implemen-
tation of such a concept does serve as a considerable disincentive to allow-
ing regularly high exposures which, although they may not contravene the
regulatory limit, do exceed the average on which the regulatory limit is
based. There was also discussion of the migrant radiation worker, who might
move from one short-term job to another, acquiring radiation exposures near
the regulatory limit at each step along the way. It was agreed that, in
countries maintaining national dose registries, such abuse of the regula-
tions for radiation protection could be prevented, but that the potential
for abuse does highlight the need for national dose registries.

Several participants pointed out that the results of epidemiologi-
cal studies available thus far do not suggest that the recommendations of
the International Commission on Radiological Protection are based on esti-
mates of radiation risk that are orders of magnitude too low.

From this discussion three points emerged:

(1) There is a need to explain the concept of dose limitation very
clearly and understandably to those whose work entails exposure to
ionizing radiation.
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(2) It would be useful to re-examine current occupational radiation
exposure data to determine the current validity of the position
adopted in ICRP Publication 26, namely, that in large occupational
groups, the annual exposures of radiation workers conform to an
average of 5.0 mSv with very few values approaching the limit of
50 mSv.

(3) In the foreseeable future, the assessment of radiation risk will
continue to depend to a significant extent upon information that
can be derived from epidemiological studies of populations exposed
to ionizing radiation.
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2.4 THE U.S. DEPARTMENT OF ENERGY HEALTH AND MORTALITY STUDY:

THE OAK RIDGE STUDIES

S.A. Fry, C.C. Lushbaugh, C M . Shy, D.L. Cragle, H. Checkcway, S. Blum,
A.V. Carpenter, E.A. Dupree, E.L. Frome, P.G. Groer and J. Wilson

Investigators at the Oak Ridge Associated Universities (ORAU), to-
gether with others at Hanford and the Los Alamos National Laboratory, are
conducting epidemiological studies to evaluate health and mortality among
persons employed at some time since 1942 by the U.S. Department of Energy
(DOE) and its predecessors (Manhattan Engineer District (MED), Atomic Energy
Commission (AEC), Energy Research & Development Administration (ERDA)), and
their contractors, at approximately 76 facilities nationwide (see Figure 1).
Collectively, these studies comprise the DOE Health and Mortality Study
(HMS).

The main objective of that portion of the Health and Mortality
Study (HMS) assigned to ORAU is to examine relationships between occupation-
al exposure to ionizing radiations from external and/or internal sources,
and subsequent health and mortality. The health effects of chemical toxi-
cants, especially uranium and other toxic metals, are also being investi-
gated, both as primary and potentially confounding (with respect to radia-
tion) occupational exposures. ORAU's specific responsibilities are for
studies of the following populations:

(1) Workers at the production and research and development facilities
at Oak Ridge (Y-12/Tennessee Eastman Corporation (Y-12/TEC);
Y-12/Union Carbide Corporation (Y-12/UCC); Oak Ridge National
Laboratory (ORNL)); the Gaseous Diffusion Plants at Oak Ridge
(ORGDP/K-25), Paducah, KY and Portsmouth, OH; the Savannah River
Plant at Aiken, SC; NLO Inc., Fernald, OH; and cohorts at all
other existing or defunct facilities, except those at Hanford, WA
Los Alamos, NM; Miamisburg, OH; and Rocky Flats, CO.

(2) Workers at MED uranium processing and refining facilities in the
"Niagara Frontier" area.

(3) Workers reported to have annual doses of >5 rems (>50 mSv) while
employed at any DOE (or predecessor) or contractor facility [1]•

Processes at the above facilities represent DOE's efforts in all
post-mining phases of the nuclear fuel cycle. Facilities available for
study are identified in Figure 2. In these studies, which involve approxi-
mately one third of the estimated total DOE worker population of 600 000, we
have the collaboration of the Departments of Epidemiology, Biostatistics,
and Environmental and Engineering Sciences of the University of North
Carolina at Chapel Hill (UNC) and the Department of Epidemiology of the
University of Alabama at Birmingham (UAB) [2].

The overall study protocol calls for an hypothesis-generating
retrospective cohort study approach to compare the age- and sex-adjusted
mortality rates in the worker populations, by facility, with those in the
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general or other more appropriate comparison population. An hypothesis-
testing, nested, case-control design is used to study diseases, particularly
cancers, found to be in excess relative to some comparison population, or
determined to have radiobiological or epidemiological significance [3].
This methodology requires the compilation, computerization, and verification
of a complete roster of employees for the facility studied. Names and
social security numbers (SSNs) are submitted to the Social Security Adminis-
tration (SSA) for determination of vital status. Death certificates for
workers declared dead by SSA, obtained from the states, are verified and
coded by a nosologist to the 8th and/or 9th Revision of the ICD (Interna-
tional Classification of Diseases). Other methods of follow-up, including
searches of states' Motor Vehicle License Departments and various industrial
retirement systems, are used to determine the vital status of persons whose
status is unknown to SSA. Additional demographic, work history, and radia-
tion exposure data are obtained concurrently or sequentially from the faci-
lity and are computerized to be merged with roster and vital status informa-
tion. Exploratory analyses may be conducted at this stage. Additional work
history data and data on exposure to radiological and nonradiological
hazards are collected and computerized as indicated for use in subsequent
analyses and studies. Incidence rates are being studied in certain cohorts.
Analysis-specific files are created for cohort Standardized Mortality Ratio
(SMR) analyses, survival rates analyses, dose-response models, and linear
regression models; other analytic models may be tested at this stage. More
detailed data on potential confounders, such as smoking, medical histories,
socio-economic status, and other occupational experiences are collected as
necessary, particularly for case-control studies when the smaller popula-
tions used in such studies make feasible the acquisition and use of more
detailed information. This standardized study process allows multiple
studies at different stages of development to be conducted concurrently (see
Figure 3). Support services in the form of (1) the development of facility
histories to identify industrial processes and potential hazards, and the
changes in them over time, and (2) assessment of the radiological and non-
radiological hazards with respect to the types of hazards, records, and
records-keeping systems and dose, facilitate the conduct of the studies.

Populations that have been or are currently being studied are
identified in Figure 4.

Reports on mortality among (1) workers at a uranium processing
plant [4], (2) welders at all the Oak Ridge plants [5], (3) nickel workers
at the ORGDP (K-25) [6], and (4) workers exposed to phosgene during uranium
processing [7] were published earlier. The mortality experience of the
latter two populations has been updated to include more recent deaths; the
results of these analyses were reported in 1983 [8] and is in press [9].
Analyses of mortality also have been conducted and reported for workers at
ORNL, [10] and for mercury workers at the Y-12/UCC Oak Ridge plant [11]. The
results of a case control study of lung cancer among workers at the Y-12/TEC
Oak Ridge plant were reported in 1983 [12] . A methodological study to
implement Poisson rate analysis on a large data base resulted in the
identification of notable inter-facility and birth cohort differences in
age-specific death rates among the Oak Ridge worker population; these
findings were reported in 1983 [13] . Table 1 summarizes the details of
these studies.
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Details of cohort and case-control studies in progress in 1984 are
summarized in Tables 2 and 3, respectively. The results of recently comple-
ted analyses of mortality among the Linde, NLO Inc., ORNL, and >5 rem
(>50 mSv) worker populations will be presented.

The long-term goal of the overall study is to merge all employee
rosters and associated exposure, and other relevant data as is epidemiologi-
cally feasible. This data base could provide (1) a considerable total of
person-rems and years of follow-up necessary for assessment of risks associ-
ated with exposure to low levels of ionizing radiation; (2) a basis for
continued surveillance of DOE workers, and (3) a resource in the resolution
of medico-legal arguments and the establishment of regulatory standards for
health protection. The data base also provides a retrospective basis for a
registry of radiation workers in the United States.

This work was performed as part of the Health and Mortality Study
of U.S. Department of Energy workers being conducted by the Oak Ridge Asso-
ciated Universities with the collaboration of the Department of Epidemiolo-
gy, University of North Carolina at Chapel Hill. The research is supported
under contract No. DE-ACO95-76OROOO33 between the U.S. Department of Energy,
Office of Energy Research and the Oak Ridge Associated Universities.

Part of the data was collected under a previous contract from the
Atomic Energy Commission, and later from the U.S. Research and Development
Administration (No. Ell-1-3438), under the direction of Dr. T.F. Mancuso,
University of Pittsburgh.
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TABLE 1

DOE HEALTH AND MORTALITY STUDY

OAK RIDGE ASSOCIATED UNIVERSITIES/UNIVERSITY OF NORTH CAROLINA

STUDY POPULATIONS: REPORTED FINDINGS

EaciUty (Type) End-Points/Comparison Results

(2) Oak Ridge 7-12/TEC(a)
(Uraniun Enrichment)

(1)

(2)

(2) Oak Ridge Y-12/UCC^

(2) Oak Ridge Gaseous
Diffusion Plant
(Uraniun Enrichnent)

(2) Oak Ridge National
laboratory (Multiple
Programs)

2) All Oak Ridge
Facilities

Mortality/U.S.
rates

adjusted

Lung cancer deaths/
matched internal
controls

Mortality in workers
exposed and (non-
exposed) to phosgene/
U.S. adjusted rates

Mortality in mercury
and (nonmercury) work-
ers/U.S. adjusted rates

Mortality in nickel and
(non-nickel) workers/
U.S. adjusted rates

Martality/U.S. adjusted
rates

Mortality in welders/
U.S. adjusted rates

19 000

330
(to 1974)

785
(9 280)
males

females

2 133
(3 260)

800
(7 500)

8000

1000

•Possible increased lung
cancer risk in workers
aged >45 at hire [4]

Significant excess risk in
workers aged >45 at hire
with >20 rads (-O.2 Gy)
cumulative lung dose [12]

•Similar nonstatisticaUy
significant: excess of deaths
from respiratory diseases
in both groups [7,9]

ADeficit in deaths from
diseases of the nervous sys-
tan, respiratory diseases,
and chronic nephritis;
no significant excess for
cancers of the liver, lung,
kidney, or brain [11]

ANo sino-nasal cancer, lung
cancer, deficit, increased
RR (risk ratio) of buccal
cavity cancer in nickel
workers [6,8]

•No significant excesses of
specific cancer mortality;
lung cancer deficit [10]

'Nonsignificant excesses of
lung cancer, respiratory
disease suggest further
study [5]

(*) Nunber of white males unless otherwise stated.
(a) Tennessee Eastman Corporation 1943-1947.
(b) Union Carbide Corporation 1947-present.
(1) Case-control study.
(2) Cohort study.
(• ) All cause, all cancer mortality deficits in cohort versus adjusted rates in comparison

groups (SMR <1.00).
(A) All cause mortality deficit in cohort versus adjusted rates in comparison groups

(SMR <1.00).
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TABLE 2

DOE HEALTH AND MORTALITY STUDY

OAK RIDGE ASSOCIATED UNIVERSITIES/UNIVERSITY OF NORTH CAROLINA

COHORT STUDIES IN PROGRESS 1984

fac i l i ty (Type)

Oak Ridge National
Laboratory (Multiple
Programs)

Oak Ridge Y-12/UCC
(Uraniun fabrication, e t c . )

Oak Ridge Gaseous
Diffusion Plant
(Uraniun Enrichnent)

Portsmouth Gaseous
Diffusion Plant
(Uraniun Enrichnent)

All Oak Ridge Fac i l i t i e s
(ORFCCM)

Savannah River Plant
(Multiple Programs)

End-points/Comparison

Mortality/U.S., s t a t e
adjusted r a t e s

Martality/U.S., s t a t e
adjusted ra tes

Mortality/U.S.,
adjusted ra tes

Mortality/U.S.,
adjusted ra tes

Mortality

Mortality/U.S.,
s t a t e , county
adjusted ra tes

~N*

8 000

14 200

31000

5 600

70 000
(30 000)

10 000

Status

Final analysis completed

Aialysis f i l e s in preparation.
Hazards assessments completed.

Work in progress on cohort
enumeration and hazards assess-
ment. Mortality study planned.

Cohort roster verification,
cohort enumeration in progress

In i t i a l l y a methodological study
to implement Poisson ra t io anal-
ys is . (Now investigating ef-
fects of radiation and SES on
age-specific death ra tes by
b i r th cohorts i n WW I I
workers [13])

Flnalization of ros ter in pro-
; ress . Radiation dose data
jeing computerized; hazards
assessment in progress.

* Nunber of v*iite males unless otherwise s ta ted .

continued. . . .
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TABLE 2 (concluded)

facility (Type)

Unde
(Uraniun Processing)

Mallinckrodt
Chemical Marks
(Uraniun Processing)

NLO, Inc.
(Uranium Processing,
Feed Iteterial Production)

DOE/DOE contractors
Naval Reactors nation-
wide (Multiple Programs)

End-points/Gonparison

M>rtality/U.S.,
county adjusted rates

Mortality/U.S.,
state adjusted rates

te>rbidity (Nonmalign-
nant respiratory
disease/internal
comparisons)

M3rtality/U.S.
adjusted rates;
internal comparisons

Martality, morbidity in
workers with >5 rans
year/U.S. adjusted rates;
internal comparisons

~N*

997

3 200
M,F

4 100

4 100

3000
M,F

Status

Analysis completed

Work in progress on work
history/exposure data

Analysis in progress

Preliminary analysis completed

Preliminary mortality analysis
completed. Selection of in-
ternal comparisons, morbidity
follow-up in progress [1]

* Number of white males unless otherwise stated.
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TABLE 3

DOE HEALTH AND MORTALITY STUDY

OAK RIDGE ASSOCIATED UNIVERSITIES/UNIVERSITY OF NORTH CAROLINA

facili ty (Type)

All Oak Ridge
Facili t ies

Oak Ridge Y-12/TEC

CASE CONTROL STUDIES IN PROGRESS 1984

End-points/Comparison

Brain cancer deaths/
matched internal
controls

Hematologic nalignancy
deaths/matched internal
controls

Lung cancer deaths/
matched internal
controls

~N

156/468;
White males
females

369/1107;
White males

530/1060;
white males

Status

Cases: a l l deaths with ICD(8)
codes 191, 192 as underlying or
contributing cause. Completing
f ina l analysis f i l e for TEC,
Y-12.ORNL cases/controls .

Cases: a l l deaths with ICD(8)
codes 200-209 as underlying or
contributing cause. Cases,
controls selected, data editing
in progress.

Updated study in progress
includes lung cancer deaths
through 1979 [12].
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DISCUSSION

In her paper, Dr. Fry described the many studies of the health of
U.S. Department of Energy workers underway at the Oak Ridge Associated Uni-
versites, and noted some points of interest that are beginning to emerge.
In certain cohorts employed during World War II (WWII), for example, the
Standarized Mortality Ratio (SMR) for all causes is greater than one, al-
though not significantly so. This result may be due to the inclusion in
such groups of a high proportion of people declared medically unfit for
military service and also the length of follow-up of the cohort. In other
cohorts, e.g., the workers at the Oak Ridge National laboratory and workers
with >50 (implied above) mSv (5 rems)/year at any DOE facility, there is a
large Healthy Worker Effect (HWE) that might well be associated with long-
term employment of individuals who by definition are survivors, and/or with
socioeconomic status, which is a potential confounder in studies of such
groups.

These observations led to further interesting discussion on the
feasiblity of pooling data from several studies. There is awareness of the
pitfalls inherent in such a procedure, but there is also a developing
feeling among some participants that an attempt should be made to evaluate
pooled data.

Dr. Alice Stewart, whose interest in radiation epidemiology is
well known, has stated elsewhere that with increasing age of an exposed
population, ionizing radiation becomes more effective as a carcinogen.
There does not appear to be any obvious support for this contention in the
studies discussed at the meeting, although an increased risk for lung cancer
was found among workers who were employed at Oak Ridge uranium processing
and enrichment plants during World War II, were 45 years or more when hired,
and had estimated lung doses of 200 mGy (>20 rads). This study is being
updated to include more recent deaths to determine if the age effect is real
in this population. While the SMR for digestive tract cancers was greater
than one in certain exposed populations in the Oak Ridge series, none was
statistically significantly increased. Also, these are preliminary findings
and, subject to a number of potentially confounding factors, there was no
consistent pattern observed among the digestive organ systems affected in
the various cohorts. What does emerge from the "More than 5 Rem Study" is
an absence of deaths from any type of leukemia, bone or thyroid cancer, or
malignant melanoma in the population of about 3 000 who have in some calen-
dar years incurred a total external whole-body dose in excess of 5 Rem
(50 mSv). In this population, the number of Person Years at Risk (PYAR) is
44 124 and the total dose is approximately 51 000 person-rem (510 pSv).
Preliminary SMRs calculated for this group are generally notably less than
unity. The SMR for deaths due to cancers of the digestive organs approaches
unity and two deaths attributed to multiple myeloma have been observed;
there was a deficit of deaths due to lung cancer.
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2.5 THE HANFOKD STUDY: SYNOPSES OF TOPICS COVERED

Ethel S. Gilbert

UPDATE OF ANALYSES RELATING RADIATION EXPOSURE AND MORTALITY

Our current mortality analyses include deaths up to 1979
January 1. The approach used in these analyses is similar to that applied
previously by Gilbert and Marks [1], and Tolley et al. [2], in that mortal-
ity from several causes is related directly to radiation exposure without
introducing data from an external control. Although seventeen cancer types
(as well as several noncancer disease categories) were tested for an associ-
ation with radiation exposure, multiple myeloma is the only cause of death
exhibiting a statistically significant association with radiation exposure.
The observed correlation for multiple myeloma results from three deaths with
relatively large exposures; the possibility that this is a false positive
finding cannot be ruled out.

The vital status of Hanford workers has been established primarily
by periodic searches of Social Security Administration files. Recently,
this source has been supplemented by use of the U.S. National Death Index
(1979-1980), the Washington State Occupational Mortality Surveillance System
(1950-1979), and the California Automated Mortality Linkage System (1960-
1982). Coding of the underlying cause of death has recently been validated
by the staff of the U.S. National Center for Health Statistics. The above
work to improve our mortality data has been carried out by Dr. Gerald Peter-
sen at the Hanford Environmental Health Foundation (HEHF).

THE MOX (MORTALITY AND OCCUPATIONAL EXPOSURE) COMPUTER PROGRAM

The computer program used to analyze the Hanford data has been
documented [3] and is now available for use by others with occupational
exposure data. This program, for use on a VAX computer, provides tests for
trends in mortality with quantitative variables (such as exposure and length
of employment) as well as tests for differences among subgroups. Twenty-one
categories of cancer and ten categories of other diseases are analyzed with
a single pass through the data. The user can specify a lag or latent period
in defining the independent (exposure) variable, and can select to control
analyses through stratification for several variables including sex, race,
age, calendar year, follow-up time, length of employment, job category,
initial employment year, smoking history, and data source (i.e., plant or
company). The user determines the category definitions for the exposure
variable and for each of the selected control variables.

Work supported by the U.S. Department of Energy under Contract DE-ACO6-76RLO
1980.
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CONSTRUCTION WORKER DATA

To date, analyses of the Hanford data have included only opera-
tions workers. However, in 1980, the decision was made to supplement the
data base by adding construction workers. About 12 000 construction workers
have been identified by HEHF, of whom about 11 000 workers have radiation
exposure data. We have not yet linked the exposure and mortality data, but
we have calculated standardized mortality ratios (SMRs), and have also exam-
ined the magnitude of the exposures involved. SMR values for this popula-
tion are lower than those for operations workers, suggesting that incomplete
mortality ascertainment may be a problem. The total accumulated exposure
through 1978 is only about 120 000 pSv (12 000 rem), less than one-sixth the
amount accumulated by the operations workers.

LUNG CANCER CASE-CONTROL STUDY

Any correlation of radiation exposure and smoking habits could
lead to bias in assessing the association of radiation and mortality from
lung cancer, and possibly other causes as well. Although smoking data are
not available for all workers, they are available (although not in computer-
ized form) for most workers with employment periods extending beyond 1964.
Fortunately, the group with available smoking histories includes most of
those with relatively large radiation exposures. Data collection is now
underway for a case-control study of lung cancer that will include the use
of available smoking data. The primary goal of this study is to investigate
the association of lung cancer and radiation with control for smoking, while
a secondary goal is to examine the general association of smoking habits
with radiation exposure and other variables.

ESTIMATES AND CONFIDENCE LIMITS

Although point estimates based on the Hanford data are unlikely to
be very meaningful (many will be negative), confidence limits provide a
useful way of quantifying the uncertainty in this data set. Several models
for obtaining such confidence limits have been explored, and estimates and
limits have been calculated for several cancer types. The results of these
calculations indicate that even though the Hanford data show no evidence of
positive correlations of radiation and most cancer types, the data are con-
sistent with effects several times our currently accepted estimates. It is
possible, however, to rule out effects that are orders of magnitudes higher
than standard estimates. Methods for obtaining such confidence limits are
described in a paper, which is available upon request from the author.
(Gilbert, E.S. "How Much Can be Learned from Populations Exposed to Low
Levels of Radiation?", presented at Conference on Statistics and Health,
University of Kent, Canterbury, England, 1984 July 11-14, [4].)
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MANCUSO-STEWART-KNEALE UPDATE

Mancuso, Stewart, and Kneale (MSK) are continuing to update their
analyses of the Hanford data. Although their current methodology avoids
most of the problems for which they were criticized earlier, a number of new
problems have been introduced. The more recent MSK analyses have not at-
tracted the attention of the earlier ones, but estimates based on Kneale et
al. [5] are being offered as evidence in workmen's compensation hearings.
Problems with the analyses in the 1981 as well as the recent MSK paper [6]
will be discussed. For a critique of the latter paper, see E.S. Gilbert,
and G.R. Petersen [7]. This paper has been accepted for publication in the
British Journal of Industrial Medicine and is available upon request from
the authors.
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TABLE 1

RESULTS OF ANALYSES OF EXPOSURES OF MALE HANFORD WORKERS WTTH AT LEAST THREE DOSIMETER READINGS.

EXPOSURES LAGGED FOR 10 YEARS. INCLUDES DEATHS FROM 1955 JANUARY 1 to 1979 JANUARY 1.

Person-Years:

Cause of Death

All causes (O-999)c

No certif icate
All noncancers (1-139, 210-999)
All malignant neoplasns(M.N.) (140-209)
M.N. of buccal cavity (140-149)
M.N. of stomach (151)
M.N. of large intestine (153)
M.N. of rectum (154)
M.N. of pancreas (157)
M.N. of other digestive

(150, 152, 155-156, 158-159)
M.N. of lung (162)
M.N. of prostate (185)
M.N. of bladder and urinary (188-189)
M.N. of brain (191, 192)
All other solid tumours (160-161, 163,
170-174, 186-187, 190, 193-199)

Lymphosarcoma and reticulum cel l
sarcoma (200)

Hodgkins disease (201)
Multiple myeloma (203)
Chronic lymphatic leukemia (204)
Other leukemia (205-207)
Other M.N. of lymphatic and
hematopoietic t issue (202, 208, 209)

Observed and

0-2

162

Obs.

1964
19

1541
404

15
19
43
14
29
20

112
36
15
11
46

11

6
5
4

10
8

ran

690

Exp.

1958.2
15.3

1536.7
406.2

13.7
20.0
42.2
13.5
29.3
17.6

120.3
33.8
15.3
11.4
46.4

11.3

5.1
6.7
2.9
9.2
7.5

Expected Deaths

2-!

20

Obs.

217
0

164
53

1
2
6
1
3
0

22
3
2
3
6

2

0
0
0
1
1

> rem

178

Exp.

223.3
2.3

170.7
50.3

1.7
2.6
4.3
1.3
3.2
1.8

16.7
3.5
1.5
1.4
6.1

1.5

0.5
0.8
0.6
1.4
1.2

by Exposure

5-15 reo

11

Obs.

134
0

104
30

1
2
1
1
2
0

14
2
1
0
3

1

0
2
0
0
0

884

Exp.

128.8
1.5

96.8
30.5

1.0
1.6
2.4
0.8
1.8
1.1

10.5
2.3
0.8
1.0
3.7

0.8

0.3
0.4
0.3
0.9
0.9

Category

15+ rem

4

Obs.

58
1

42
15
0
2
0
0
1
1

5
0
0
0
3

0

0
1
0
1
1

241

Exp.

62.7
0.8

46.9
15.0
0.5
0.8
1.2
0.4
0.7
0.5

5.5
1.4
0.4
0.3
1.8

0.3

0.07
0.1
0.2
0.5
0.4

Probability
of Trend

Arising Due
to Qiance

0.75
0.85
0.65
0.66
0.65
0.20
0.85
0.66
0.21
0.56

0 4 5
0.86
0.51
0.78
0.30

0.71

0.77
0.005
0.77
0.56
0 4 5

Expected deaths are calculated from the experience of all workers in the study population, allowing
.for age and calendar year.
T h e significance levels are for a one-tailed test that is sensitive to a positive correlation of
radiation exposure and mortality from the cause indicated.

CICD codes.
*For a complete explanation of these results see E.S. Gilbert, "How Much Can be Learned from Populations
Exposed to Low Levels of Radiation," to be published in The Statistician 34 (1985)-. Available upon
request from the author.
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IABLE2

RISK ESTIMAIES AND 95% CONFIDENCE LIMITS FOR SEVERAL CANCER TYfES

BASED ON A LINEAR RELATIVE RISK MODEL

Cancer Type

Leukeraiaa (205-7)

All M.N. except leukemia,
bone, skin, prostate

M.N. of digestive system (150-159)

M.N. of stomach (151)

M.N. of colon (153)

M.N. of pancreas (157)

M.N. of lung (162)

M.N. of lymphatic and hematopoietic
tissue t apt leukemia
(200-202, ̂ 9)

Multiple Myelc :• (203)

Estimate

-3.3%

-0.0%

-0.5%

5.3%

-7.8%

3.5%

0.2%

4.0%

96%

per

per

per

per

per

per

per

per

per

(P)

ran

ran

ran

ran

ran

ran

ran

ran

ran

95% Confidence

(Negative,

(Negative,

(Negative,

(Negative,

(Negative,

(Negative,

(Negative,

(Negative,

8.7%

3.0%

5.3%

37%

0.5%

28%

6.1%

Limits

per ran)

per ran)

per ran)

per ran)

per ran)

per ran)

per ran)

25% per ran)

(6.4% per ran,00)

Deaths

12

433

147

25

50

35

153

38

8

Exposures lagged for faro years.
T"or a l l cancer types other than leukemia, exposures are lagged for 10 years.
*For a complete explanation of these results see E.S. Gilbert, "How Much Can be Learned
from Populations Exposed to Low Levels ci" Radiation," to be published in The Statistician
34 (1985). Available upon request from the author.
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DISCUSSION

Dr. Gilbert presented a most interesting review of the current
status of the Hanford study, as outlined in the synopses. Her paper was the
occasion for an extensive discussion of the Hanford study, with particular
reference to analyses of these data by Mancuso, Stewart and Kneale (MSK).
In their most recent papers, these authors have attempted to resolve many of
the problems inherent in their earlier work, but they also have introduced
new and more subtle difficulties. The fact that some of the positions advo-
cated by Mancuso, Stevfart and Kneale are now being accepted in courts of law
leads to a situation In which legal conclusions are, by creating precedent,
becoming confused with scientific correlations. It Is unfortunate that
positive correlations, no matter how tenuous, are more apt to be received
with enthusiasm than negative correlations, however well based. The conten-
tion that the effectiveness of ionizing radiation as a carcinogen Increases
exponentially with age at exposure has been referred to in a previous dis-
cussion. It is probable that this contention is based on the fact that, for
most solid carcinomas, incidence is simply a function of age, not necessar-
ily of dose and age at exposure, but it will be necessary to prepare a for-
mal defence of this position. Similarly, there is considerable potential
for bias resulting from the use of the final level of monitoring for in-
ternal exposure as a means of control for occupational hazards.

There is, however, an apparent correlation of multiple myeloma
incidence with dose in the Hanford population. Three cases have occurred
among those with 50 mSv (5 rem) or more in contrast to 0.5 cases expected.
During the discussion it was noted that in view of the small numbers, even
this result might be due to chance.

Dr. Gilbert emphasized the futility of any attempt to assess the
significance of lung-cancer incidence in a population of radiation workers
unless cigarette smoking data are available. Dr. Gilbert also indicated
that a lung-cancer case-control study of Hanford workers, using smoking
data, is underway.

Again, the pooling of data from radiation studies was advocated to
find out whether or not it would be a valid procedure.

Currently at Hanford, a major effort is being made to quantify the
uncertainties in a study that has become recognized as one of major impor-
tance in the world of occupational epidemiology.
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2.6 THE ONTARIO HYDRO MORTALITY SURVEILLANCE PROGRAMME

T.W. Anderson

PROGRAMME

Mortality data have been accumulated on Ontario Hydro employees
since 1970. Since 1975 their mortality experience has been updated and
published annually.

The Ontario Hydro study is unique:

(1) It was the first on-going mortality surveillance programme estab-
lished in any group of radiation workers.

(2) By using existing data flow in personnel files of active and pen-
sioned employees, it has demonstrated that continuous surveillance
of mortality can be provided in any modern industry at very low
cost.

(3) It has, from the outset, been a very open process, with copies of
annual reports being supplied to senior officials of both manage-
ment and union, and available to the general public on request.

Now that Statistics Canada and the National Cancer Institute of
Canada have produced an efficient and relatively inexpensive record-linkage
system for national mortality records, mortality patterns will be studied in
all persons who have ever been employed by Ontario Hydro and are on the com-
pany's radiation dose register (1985 is hoped to be the first year that this
will be done). Up to this point, however, analyses have been restricted to
those individuals who are currently employed or who are on pension. Due to
a very widespread misunderstanding about the nature of bias in occupational
epidemiology, this restriction is still seen by many industrial concerns as
a reason not to adopt this low-cost method of monitoring their mortality
experience. In fact, as will be discussed later, provided certain precau-
tions are observed, this limited "permanent-employee" type of study may, in
practice, be a more accurate means of assessing occupational risk than the
full-scale "ever-employed" approach.

Initially, because of methodological difficulties in extracting
appropriate data from the radiation dose registry at Ontario Hydro, the
mortality analysis was based on a location-of-work classification, with
workers at nuclear generating stations being compared to workers at thermal
generating stations, to all other Hydro employees, and to the general popu-
lation of the Province of Ontario. By the time the procedural difficulties
had been resolved, analysis of mortality by dose was only possible back to
1972. For this reason, the cumulative experience by dose (see Table 1)
covers the 12-year period 1972 to 1983, while the cumulative experience by
location (Nuclear, Thermal and Other) covers the 14-year period, from 1970
to 1983 (see Table 2).
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Bearing in mind the usual caveat about adequate latent interval
for cancer induction, it can be seen that, apart from an elevated Standard-
ized Mortality Ratio in the 15.0-19.9 cSv range, there is no suggestion of
any rising cancer death rate with increased lifetime radiation dose. (Note:
Dosages are combined internal and external, and in a few individuals include
doses received before joining Ontario Hydro. Expected deaths have been
based on 5-year age groups, and are restricted to male employees and pen-
sioners.)

For leukemia, the total expected number of deaths in persons in-
cluded in the dose analysis of Table 1 is 1.58. There has actually been one
leukemia death observed. This was in a man of 40 whose total lifetime occu-
pational dose was 0.09 cSv, and who had only joined Ontario Hydro five years
before his death (he had no known pre-Hydro exposure).

As of 1983 July, the number of individuals in each dose category
was (starting at zero dose and ascending to 20+ cSv): 1 579, 3 690, 515,
279, 232, 309.

The cruder classification of Nuclear, Thermal, and Other, has seen
major shifts in numbers of persons in some classifications. Thus Nuclear
has risen from 679 in 1970 to 5 211 in 1983 (with 50% still below age 35);
Thermal has seen a rise from 1 250 in 1970 to 2 293 in 1978, declining to
2 034 by 1983; Other Hydro employees have risen from 11 560 in 1970 to
13 677 in 1983. Within the Nuclear group, 11 cancer deaths have occurred,
compared to an expected figure of 18.0, giving a Standardized Mortality
Ratio (SMR) of only 61. No leukemia deaths have yet occurred in men working
at any of the nuclear generating stations, although 1.58 would have been
exp°cted. (The one leukemia death in the dose registry group was in a radi-
ation worker employed at a location other than a generating station.)

Thus, bearing in mind the relatively short latent interval seen in
other studies of human radiation-induced leukemia, it is clear that if cur-
rent dose-response estimates are (as some have claimed) in error, it cannot
be by a very large margin.

DISCUSSION

As mentioned earlier, it is common practice to decry studies that
do not trace all ever-exposed persons, as being liable to serious error,
specifically underestimation of true risk. The example usually quoted is
that of asbestos workers who left the industry because of a relatively early
side effect (breathing problems due to asbestosls) and were therefore not
counted years later when they died of asbestos-induced lung cancer.

However, there is also evidence to suggest that some persons who
work for a time for one employer and then move to another tend, on the aver-
age, to have a less stable life-style and tend to have poorer health expe-
rience and higher death rates than less mobile individuals. Furthermore, it
could be that having left the nuclear industry an individual might move to
an occupation with a chemical carcinogenic hazard, so that their subsequent
death from cancer could be erroneously attributed to their early radiation
exposure.
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The point of the above examples Is not to suggest that It is of no
value to follow up ever-exposed (in general the more data the better), but
to illustrate that the end result could quite easily be an over-estimation
of the true nature of the hazard being studied.

In radiation epidemiology, we are fortunate that because of the
relative accuracy of exposure measurement (very accurate compared to most
other toxins), much of this uncertainty can be avoided by looking for a
dose-response effect within the employee group, and if there is a real ha-
zard it should show up with equal clarity in both the permanent-employee
group and the ever-employed- If anything, the dose-response gradient should
be more clear-cut in the permanent-employee group because of fewer confound-
ing variables from other exposures. Certainly, for the dose-response effect
to be less pronounced in the permanent employees than the ever-exposed would
necessarily imply that those vho left the industry were more sensitive per
unit dose than those who stayed behind.

To sum up: when complete follow-up of ever-exposed is carriec out
for the Ontario Hydro (or any other) employee population, it is possible
that mortality patterns might be higher than those observed in the permanent
employees. It would be rash, however, to conclude that this higher figure
is necessarily a more accurate estimate of the truth. In fact, it is likely
that the patterns will usually be essentially the same, bearing in mind the
general level of "signal-to-noise" ratio found in epidemiological studies of
this kind. Studies that are currently being conducted on an 'ever-exposed'
basis should seriously consider carrying out additional analyses based on
their subsets of 'permanent employees'. These additional analyses should be
very easy to do, and would provide a useful check on the ever-exposed fig-
ures. This will be particularly useful when - as should begin to happen
soon - results from different studies are being combined to increase the
power of the analyses.
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TABLE 1

CUMULATIVE EXPERIENCE 1972-1983, BY DOSE

DOSE (cSv)

NEOPLASMS

CIRCULATION

ACCIDENTS

ALL OTHER
CAUSES

TOTAL

Obs

Exp
SMR

Obs

Exp
SMR

Obs

Exp
SMR

Obs

Exp
SMR

Obs

Exp
SMR

0

3

8.88
(34)

9

15.10
(60)

7

13.73
(51)

1

7.09
(14)

20

44.80
45

0.001
-4.9

7

14.79
(47)

19

24.81
77

14

21.65
65

3

11.64
(26)

43

72.89
59

5.0
-9.9

2

2.00
(100)

1

3.25
(31)

5

3.55
(141)

0

1.74
(0)

8

10.54
(76)

10.0
- 14.9

1

1.59
(63)

1

2.65
(38)

1

2.33
(43)

0

1.38
(0)

3

7.95
(38)

15.0
- 19.9

4

1.21
(331)

1

2.03
(49)

0

1.75
(0)

2

1.02
(196)

7

6.01
(116)

20+

0

1.74
(0)

2

3.00
(67)

2

2.00
(100)

0

1.39
(0)

4

8.13
(49)

TOTAL

17

30.21
56

33

50.84
65

29

45.01
64

6

24.26
(25)

85

150.32
57

Observed (Obs) and Expected (Exp) deaths, and Standardized Mortality Ratios
(SMRs), in pensionable or pensioned employees of Ontario Hydro whose names
appear in the radiation dose register.

Dose categories are based on life-time recorded cumulative dose, both inter-
nal and external, including pre-Hydro doses (if any).

Predicted figures are age-adjusted by 5-year age groups, and are based on
general male mortality rates in Ontario during the inter-census periods
1971-76 (for years 1972 through 1976) or 1976-81 (for years 1977 through
1983).

SMRs express observed as a percentage of predicted deaths, and have been put
in parentheses where based on less than 10 observed deaths.
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TABLE 2

CUMJLATIVE EXPERIENCE 1970-83, BY LOCATION

NEOPLASMS

CIRCULATION

ACCIDENTS

ALL OTHER CAUSES

TOTAL

Obs
Exp
SMR

Obs
Exp
SMR

Obs
Exp
SMR

Obs
Exp
SMR

Obs
Exp
SMR

Nuclear

11
18.0
61

18
29.1
62

29
34.9
83

3
15.5
(19)

61
97.5
63

Thermal

34
31.4
108

49
60.2
81

13
25.0
52

16
23.6
68

112
140.2
80

Other

542
611.0
89

1270
1368.7
93

159
212.9
75

293
473.7
62

2264
2666.3

85

Total

587
660.4
89

1337
1458 .0
92

201
272.8
74

312
512.8
61

2437
2904.0
84

Observed (Obs) and Expected (exp) deaths, and Standardized Mortality Ratios
(SMRs), in pensionable or pensioned employees of Ontario Hydro according to
place of work.

Predicted figures are ;ge-adjusted by 5-year age-groups, and are based on
general male mortality rates in Ontario during the inter-census periods
1971-76 (for years 1970 through 1976) or 1976-81 (for years 1977 through
1983).

SMRs express observed as a percentage of predicted deaths, and have been put
in parentheses where based on less than 10 observed deaths.
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DISCUSSION

In describing the Ontario Hydro study, Dr. Anderson noted that
data for those employees who had left before pensionable age were not in-
cluded. The diagnostic categories used in the study are broad because num-
bers are small and further breakdown would not be useful at present. The
SMRs developed thus far relate only to male employees. The intent is to
calculate SMRs for female employees every ten years because the number of
female employees in the study population is small. An important point made
during this discussion related to the impact of changing death rates in each
decennial census on the calculation of SMRs. This factor affected the SMRs
for cardiovascular disease in the younger age groups, especially in the
nuclear group, where the average age is lower than in the other groups of
the study.

The Healthy Worker Effect (HWE) was further discussed and there
was agreement that this effect Is not the only possible explanation of the
mortality deficit observed in comparing data for a working population with
data for the general population. It would be preferable to compare mortali-
ty in a working population exposed to a potential hazard with that of a
similar population not so exposed. This would in all probability result in
the elevation of some of the low SMRs presently attributed to HWE. Similar-
ly, in some studies, incomplete standardization for social class could have
a bearing on an apparent HWE.

It was suggested that the follow-up of those who left Ontario
Hydro before pensionable age would be desirable if a bias in results is to
be avoided. Plans are being made to achieve such a follow-up. There exists
a possibility that "early leavers" might be more sensitive to a carcinogen,
thus creating a situation in which those included in the study represent a
"survivor" population, but it was agreed that, unless such sensitivity ex-
isted to a most unusual degree among the early leavers, this factor would
not affect the slope of the cancer-incidence curve in the population pre-
sently included in the study.
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2.7 BREAST CANCER MORTALITY FOLLOWING FLUOROSCOPY IN A COHORT OF

CANADIAN TUBERCULOSIS PATIENTS

G.R. Howe

Radiation-induced breast cancer is of particular concern because
of the increase in the use of mammography in screening for breast cancer.
Studies in human populations to date have either been of nonfractionated
doses in a Japanese population (the Atomic Bomb Survivors' Study), or in
relatively small cohorts in Western populations.

The Canadian Study for Cancer following Multiple Fluoroscopies was
initiated in 1972. Data on 31 710 women treated for tuberculosis in
Canadian sanatoria in the 1930s and 1940s, and known to be alive at the
beginning of 1950, have been assembled from the original patient records.
The mortality of this cohort between 1950 and 1980 has been determined using
computerized record linkage and initial mortality records maintained by
Statistics Canada. The data have been analyzed with respect to
breast-cancer mortality, and the results show a highly significant excess
among women fluoroscoped during treatment by artificial pneumothorax. The
effect is strongly dose dependent, with the best fit being given by a
linear-quadratic relationship.

Data from Nova Scotia, although qualitatively similar to that of
the other provinces, are quantitatively markedly different, showing a much
great response per unit dose. The effect is strongly dependent on age at
first exposure, showing decreaseu risk with increasing age. The results are
constant with a latent period of approximately ten years, although no effect
manifests itself before the age at which a woman's natural risk of breast
cancer first appears. There is no apparent decrease in the effect more than
40 years after first exposure. Some evidence has been obtained favoring an
additive as opposed to relative risk model.

The study should provide further valuable insight, with respect to
both breast cancer and other tumors, when it is updated with incidence data
and more mortality data.
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DISCUSSION

The paper given by Dr. Howe directed the discussion from occupa-
tional epidemiology to epidemiological studies in the general population.
It was noted that, during the past thirty years, treatment has not had any
great impact on breast cancer mortality. Prevention and early detection
remain the key factors in lowering mortality.

The conclusions thus far reached in the studies described by Dr.
Howe support the concept of a linear-quadratic relationship between cancer
incidence and radiation exposure. In this respect, the conclusions are
similar to those from studies of Atomic Bomb Survivors, and the risk esti-
mates derived from the two studies are comparable. Of particular importance
is age at first exposure to radiation, with risk being increased when a sub-
ject is less than ten years old at first exposure. This observation is
based upon the identification of very few cases, but the effect does not
appear to be related to changes occurring in the breast at about the age of
puberty.

Much of this discussion related to tuberculosis patients exposed
to radiation more than thirty years ago, during fluoroscopic examination for
the control of artificial pneumothorax. Of equal importance and interest
will be the study of women exposed to radiation during the course of mammo-
graphic examination aimed at the early detection of breast cancer. In this
study it is expected that dosimetric information will be of better quality
and it was noted that 61 430 women have been enrolled in it thus far. Pre-
sently, it is estimated that risk amounts to an excess incidence of approxi-
mately 7.5 breast cancers per million women, per year, per rad*. As sensi-
tivity is age-related, and this estimate is derived from a young population,
it is thought to be a substantial overestimate. There is a strong probabil-
ity that it would be much lower in a population of women whose first expo-
sure to radiation occurs after the age of thirty. In current mammographic
practice, measured exposures range from 0.06 to 0.15 rad (0.6 to 1.5 mGy)
per film, and the annual population exposure from mammography in this study
can therefore be as high as that for a population of radiation workers, if
three-view examinations are carried out each year for mammographic purposes.
However, it should be noted that the purpose of the study described by Dr.
Howe is to compare the long-term incidence of breast cancer in a group of
women receiving physical examination only, with that of a group who receive
physical and mammographic examinations.

* 1 rad = 10 mGy



- 55 -

2.8 THE ATOMIC ENERGY OF CANADA LIMITED (AECL)

EMPLOYEE HEALTH STUDY: A STATUS REPORT

J.L. Weeks

In 1976, it became apparent that organized data on the health and,
in particular, the causes of death of AECL employees were not available. At
that time, therefore, planning began for a study by means of which mortality
data could be assembled for a group consisting of current and past AECL
employees. The planning period lasted four years and the AECL Employee
Health Study commenced formally in 1980 April. Programs related to the
epidemiology of nuclear generating station employees and of employees in the
mining, milling and refining sectors of the Canadian nuclear industry were
already in existence [1], and epideiniological data will eventually become
available for a large part of the Canadian nuclear fuel cycle.

The AECL study has been designed to make full use of data that had
already been put together for other purposes. Use has also been made of
medical record linkage techniques developed by Dr. H.B. Newcombe that could
link individual identifying data with the National Mortality Data Base main-
tained by Statistics Canada. This data base contains information on the
causes of death of people who have died in Canada since 1950 and is a major
epldemiological asset, which greatly facilitates the follow-up of those who
have left the service of AECL. Access to the data base is strictly guarded
and data are released in statistical form only.

The study population has been divided into three groups:

(1) Past employees at the Chalk River Nuclear Laboratories (CRNL) and
Whiteshell Nuclear Research Establishment (WNRE)• (A past
employee is defined as one who left the employ of AECL before 1980
January 1.)

(2) Current (1980 July 1) employees at all sites.

(3) Future employees (those joining after 1980 July 1) at all sites.
(These names are at present kept separate from the main study
file.)

The study is being carried out in four phases:

(1) The identification of past and current employees by means of an
Employee Identity Summary (E.I.S.) form (see Figure 1).

(2) The transfer of data from the E.I.S. form to magnetic data tape.

(3) The linkage of the data tape, containing up to 32 pieces of
information for each of some 14 000 employees, to the National
Mortality Data Base.

(4) The analysis by staff of the Epidemiology Unit, National Cancer
Institute of Canada, of the mortality data emerging from the first
and the subsequent linkages.
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It is expected that linkages will take place on a triennial basis
and data from the first linkage are at present (1984) being analyzed.

The potential confounding of the interpretation of mortality data
by individual life-style and occupational characteristics has been recog-
nized. A Medical/Life-Styles Questionnaire (MLSQ) has been distributed to
all current employees, with a response rate of slightly more than 50%. The
MLSQ was lengthy and was an attempt to assess factors other than occupa-
tional exposure to ionizing radiation that might have a bearing on the mor-
tality experienced by the study population. The value of this survey has
yet to be assessed, but the fact that it was considered necessary serves to
underline the need for the assembly in machine-readable form of life-style
and occupational exposure data for individual employees.

With the completion of the first linkage with the Mortality Data
Base, the attention of those working on the study is now being directed to
the verification of data. Death linkages of low weight are being manually
checked and an effort is being made to retrieve data that may not have been
included in the preparation of the first study tape. This work will occupy
most of the time available before the next linkage with the Mortality Data
Base, planned for late 1986.

A study of this type is necessarily of long duration and it is
expected that many linkages and analyses of data will be required before
valid information begins to emerge. The purpose of the AECL study is to
determine the causes of death among a population of radiation workers and to
compare this information with data available for the causes of death in the
general population. Given the population size, and the relatively low occu-
pational exposure to ionizing radiation, it is improbable that the study
will, at its conclusion, provide hard information on occupational dose-
effect relationships. It is hoped, however, that this study, in conjunction
with others of a similar nature, will serve to determine the real occupa-
tional risk of being a radiation worker.

Detailed accounts of the AECL study are contained in references 2
and 3.
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L 'Enargie Aiomtqu*
d C fQ! Canada Limited du Canada '

EMPLOYEE IDENTITY SUMMARY
RESTRICTED STAFF INFORMATION

The following information is required in the interest of Atomic Energy ot C»n*d» Limited employees tor ,
health study 1o help insure thai our safety at«nd*rdl »'e toundly derived

1 . SURNAME

2 ANY OTHER SURNAH£(SJ YOU MAY HAVE HAD.

3 FIRST GIVEN NAME

* SECOND GIVEN MA ME

5. THIRD GIVEN NAME

6. USUAL NAME OR NICKNAME

1 SEX

S MARITAL STATUS

9 SJffTHOATE

10 BIRTH PLACE

12 FATHER'S FIRST NAME

13 FATHfff '5 SECOND NAME

14. FATHER'S BIRTH PLACE

1$ MOTHER-S MAIDEN NAME

16. MOTHER'S FIRST NAME

17. MOTHER'S SECOND NAME

18. MOTHER'S BIRTH PLACE

19 SPOUSE'S BIRTH SURNAME

20. SPDUSE'5 FIRST NAME

2 1 . SPOUSE'S SECOND NAME

22. EMPLOYEE NUMBER

23. SOCIAL INSURANCE NUMBER

24. PROVINCIAL HEALTH. INSURANCE NUMBER. . . . .

2b SUPER4NNUAT]ON NUMBER . . . . -

2 f STARTINGDATE -

Hi EMPLOYE'S ADDRESS

j PLEASE PRINT

-1 D «*LE D FEMALE

- D -SINGLE/WIDOW/WIDOWER
; • -MARRIED
i D -OTHER

i TEAR HONlH |S,.I> Oyll D»»

'•• CiTr 3 * WitCt PROV I . , i , .1 , o . Ct^tda)

. . . . . _ „ . . . _ . . . .

_ _ _ _ _

"»3VINCE *.w8E«

>t»» H O I " ' " ' I . . ' O-i [•**

•C6hTS- - C J T -

FIGURE 1: Employee Identity Summary Form
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2.9 THE ATOMIC ENERGY OF CANADA LIMITED (AECL) EMPLOYEE HEALTH STUDY:

FOLLOW-UP OF LONG-TERM CHALK RIVER EMPLOYEES

D.K- Myers and M.M. Werner

In 1979, we embarked on a preliminary examination of computer and
paper files relating to past Chalk River employees, as part of our prepara-
tion for the AECL Employee Health Study described by Dr. J.L. Weeks. During
this phase of the study, it became evident that we did have a record of
essentially all deaths among current and retired employees since 1945.
These death records are believed to be 100% accurate since 1966 and about
95% accurate for the smaller number of deaths that occurred during the peri-
od 1945-1965. Reliable information was not available for deaths of the
large numbers of ex-employees who left AECL for other employment; this in-
formation will presumably be obtained during the course of the Health Study
proper, as described by Dr. Weeks.

The Health Study proper was not expected to yield any definite
information for a number of years and it was considered desirable to obtain
some concrete data earlier. Moreover, about 77% of the total occupational
lifetime exposures of all AECL personnel are attributed to the Chalk River
site. For these and other reasons, it was decided to run preliminary analy-
ses on the Chalk River employees who had died during employment, or after
retirement. The methods and results have been summarized in reference 1.
Copies of 525 death certificates for past employees who died before 1983
have been obtained from provincial registrars. Death rates were compared
with those expected for persons in Ontario, Canada. The standard mortality
ratio for all 371 male employees who died during 1966-1982 was 0.96 (95%
confidence limits 0.78-1.18) for cancer deaths and 0.87 (limits 0.78-0.97)
for deaths from all causes. There was no significant excess of deaths from
any particular type of cancer. One death from leukemia was observed as
compared to 3.5 expected. Similar results were observed for long-term em-
ployees who participated in clean-up operations at the NRX and NRU reactors
in 1953 and 1958, respectively. All 436 employees (including 23 who had
left AECL for other employment) with recorded lifetime occupation exposure
of 0.2 Sv (20 rem) or more to the end of 1982 have also been traced, and
66 deaths were recorded. The standard mortality ratio for cancer deaths in
this group was 0.66 (limits 0.34-1.15) and for all deaths 0.82 (limits
0.64-1.05) .

The cumulative exposure of all Chalk River employees is about
11 Sv per year. Thus, the absence of a significant excess of cancer mortal-
ity in these results does not conflict with currently accepted risk esti-
mates or with the concept of awarding workers' compensation in certain indi-
vidual cases where it is believed that the employee's long-term occupational
exposure to radiation or other agents may have caused or contributed to
development of cancer. The data do, however, provide some reassurance that
large numbers of cancer deaths that might be related to occupational radia-
tion exposure do not exist in the groups of Chalk River employees studied to
the end of 1982.

The statistical analyses used depended on the ICD code [2] given
on the death certificates; no attempt was iaade to correct any of the
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assigned code numbers. The reliability of this type of information repre-
sents a perennial problem [3]. For the 525 death certificates available,
ancillary medical information was available in 272 cases [4]; in most cases,
this information relates to persons who died during or shortly after employ-
ment before reaching age 60-65. There was one clear error in these 272
cases, the omission of a fatal gastro-oesophageal cancer [4]. In the re-
maining 271 cases, the information in the medical files did not contradict
that on the death certificates. Thus, there seems to be a good probability
that, for deaths before age 60-65, the data are reasonably reliable. How-
ever, it should be noted that only 18% of all death certificates embodied
autopsy reports and there is no evidence to indicate that death certificates
for older persons are equally reliable. Moreover, there were several in-
stances, all in the group of employees who died after retirement, where it
was not obvious to us that the assigned 1CD code number corresponds cor-
rectly to the underlying cause of death as judged by the written information
on the death certificate.

The experience gained in the study has been most valuable in re-
checking the results of computer-assisted record linkages at Statistics
Canada. A number of these potential linkages, most of which were assigned a
fairly low probability of being correct using standard computer programs
[5], were rejected after manual examination of the individual records in-
volved. For all past AECL employees, 915 deaths of males and 72 deaths of
females prior to 1981 have been identified by this method. About 99% of the
known deaths among Chalk River employees were located in the computer search
[6].
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DISCUSSION

The papers by Dr. Weeks and Dr. Myers were presented sequentially,
and the discussion that followed related to both of them. A question was
raised concerning the updating of the Medical/Life-Style Questionnaire
(MLSQ) and a suggestion made that this could be done at annual medical exam-
inations. Because the completed questionnaires are now held in confidence
by the National Cancer Institute of Canada, such an approach to updating
would not be possible. It was agreed, however, that life-style and chemical
exposure data should form part of each employee's medical record. Ways of
handling this rather complex problem are being considered.

Further reference was made to the reliability of early measure-
ments of radiation exposure. There exist grounds for believing that for
low-energy X-rays, the early photographic film data are suspect and may
represent an overestimate of exposure. The importance of verifying these
data and, if necessary, of developing an appropriate correction factor was
again stressed (see discussion of Paper 2.2 by Dr. Stott).

Death certification was discussed at some length and, insofar as
the CRNL data are concerned, a careful check against known causes of death
has shown that, for people who died before the age of sixty, the accuracy of
certification is high. After the age of sixty, the accuracy declines and,
in the case of those who die after the age of seventy, is questionable. The
comment was made that carcinoma of the pancreas is notorious for poor death
certification. The combination of good local diagnosis and poor certifica-
tion of this disease in the general population could introduce a bias, lead-
ing to an apparent increase of risk in the population being studied. One
participant observed that there is rarely any medical input to the assembly
of mortality data at the provincial level in Canada. It has been found that
inaccuracies of mortality classification do occur.

Finally, in discussion of these two papers, emphasis was placed on
the need to include dose data in the analysis shortly to be undertaken.
This was agreed and dose data will be provided.
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2.10 CANCER AND WORKERS1 COMPENSATION AT CHALK RIVER NUCLEAR LABORATORIES

D.W.S. Evans

INTRODUCTION

In 1980 February, Atomic Energy of Canada Limited (AECL) set a
precedent in the nuclear industry by making a report to Labour Canada of a
cancer in an employee, a malignant lymphoma, which was possibly related to
the employee's occupational and licit exposure to ionizing radiation at the
Chalk River Nuclear Laboratories. The circumstances leading to this action
are described, and it is shown that the scientific basis of the report was
only one consideration in the administrative approach to the complex problem
of possible work-related cancers. A second cancer in an employee, a leuke-
mia, was reported to Labour Canada in 1981 May. Details of these and other
neoplasms of lymphatic and haematopoietic tissue are presented, with partic-
ular reference to occupational exposure of the afflicted employees to pos-
sible carcinogens. To a first approximation, the observed number of deaths
from these neoplasms in male employees under 65 (active or retired) at the
Chalk River Nuclear Laboratories during the period 1966-1983 is similar to
an estimate of the expected value.

THE SETTING

The Chalk River Nuclear Laboratories (CRNL) are located about
200 km west of Ottawa, on the south bank of the Ottawa River. Constructed
almost 40 years ago, the laboratories are large nuclear research and devel-
opment installations with a variety of nuclear facilities, including two
major research reactors, NRU and NRX. Approximately 2 300 employees work on
site, fewer than 10% being women. The number of employees and their age
distribution have remained approximately at the same levels for many years.

Cancer and Workers' Compensation

In 1978 January, a diagnosis of a diffuse well-differentiated
lymphocytic lymphoma in a 51-year-old employee was established by lymph-node
biopsy. At this time, the blood count was normal, but by 1978 November, a
pronounced lymphocytosis had developed. His cumulative dose equivalent over
28 years of employment was thought to lie within the range 1.0-1.5 Sv
(100-150 rem), the uncertainty resulting from the accidental loss by fire of
pre-1956 dosiraetry records. This cumulative dose equivalent represented
about 75% of the maximum permissible over the employee's service, recogniz-
ing that before 1956 at Chalk River, the annual limit was 0-15 Sv (15 rem).
In progress reports obtained from the Ottawa Cancer Clinic, the employee's
disease was variously described as leukemia and lymphoma. The reports also
noted that the employee had raised the question of the relationship between
his occupational radiation and his disease. Clearly, this question had to
be addressed formally by AECL, despite the low probability of radiation
induction of the lymphoma/leukemia.
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It was essential to clarify the diagnosis. If the disease was a
malignant lymphoma, radiation induction remained a possibility, since human
studies had indicated an increased incidence of malignant lymphomas in ir-
radiated populations [1]- If the disease was chronic lymphatic leukemia,
then radiation induction was improbable since this leukemia had not been
found in excess numbers in any such studies. The difference between a dif-
fuse well-differentiated lymphocytic lymphoma in a leukemic phase and a
chronic lymphatic leukemia appeared to be more semantic than real, the his-
topathology and immunological markers being identical in both conditions.
Nevertheless, sufficient clinical and other laboratory differences existed
to warrant some differentiation between the two disordprs. After much dis-
cussion of opinions of oncologists and pathologists, the seeming paradox of
two very closely related diseases differing in their inducibility by ion-
izing radiation was ultimately resolved pragmatically. At diagnosis the
blood count was normal; the disease was by definition a malignant lymphoma
and not chronic lymphatic leukemia.

The absolute risk coefficient for cancer induction in lymphoid
tissue had been tentatively estimated at (2-5)xlO~6 rad""1 [1]. Notwith-
standing the numerous uncertainties and assumptions involved, it could be
calculated that the upper limit of the risk of developing a malignant
lymphoma associated with a dose equivalent of 1.0-1.5 Sv was a significant
fraction of the natural risk of developing the disease. Accordingly, the
possibility of radiation induction of the employee's tumor could not be
dismissed summarily as being insignificant.

A second feature of the employee's condition was the previously
recognized radiological evidence of bilateral pleural fibrosis. This condi-
tion was almost certainly related to his chronic and significant exposure to
asbestos in the reactor buildings, from the numerous asbestos lagged pipes
of the reactor loops and other sources. The relevance of this finding was
the scattered reports in the literature of the occurrence of tumours of
lymphatic and haematopoietic tissues in asbestos-exposed persons. The empl-
oyee therefore had been exposed occupationally to two major carcinogens,
asbestos and ionizing radiation.

In Canada, employees of the Public Service, including employees of
Crown corporations such as Atomic Energy of Canada Limited, are eligible for
the benefits provided by the Government Employees Compensation Act, with
respect to personal injury resulting from an occupational accident or a
disease that is a risk of their employment. By arrangement with Labour
Canada, claims for such injuries are adjudicated by provincial Workers'
Compensation Boards. For diseases such as cancer, with well-established
causes from occupational and nonoccupational sources, it is the policy of
the Ontario Workers' Compensation Board to consider claims where there is
known exposure in the workplace and if there is a reasonable probability
that the cause is occupational [2). Schedule III of the Workers'
Compensation Act of Ontario includes in a list of compensable diseases, "any
disease due to exposure to X-rays, radium, or other radioactive substances".
These statutory and jurisdictional requirements left AECL little option but
to report the cancer to Labour Canada as a possible work-related disease,
and on 1980 February 20, this was done. The case was accepted by the
Workers' Compensation Board of Ontario in 1980 November, and following
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retirement at the end of 1981, the employee was awarded compensation for
total permanent disability under the provisions of the Workers' Compensation
Act.

This action by AECL was not undertaken without critical examina-
tion of the evidence, and possible implications for the nuclear industry of
adjudication by the Workers' Compensation Board in favour of radiation
induction of the employee's malignant lymphoma. The political and public
relations aspects, and the sensitivity of the nuclear industry to charges by
anti-nuclear factions and others of concealing possible work-related cancers
were some of the obvious considerations.

In 1981 May, a chronic myeloid leukemia was diagnosed in a
59-year-old retired employee with 31 years of service. His lifetime dose
equivalent approximated 1 Sv (100 rem) and the estimated upper limit of risk
of developing leukemia associated with this dose could be shown to be
similar in magnitude to the natural risk of developing the disease. This
case was also reported to Labour Canada, and following the employee's death
in 1981 November, his widow was compensated in accordance with the
provisions of the Workers' Compensation Act.

It is apparent that the actions by AECL in reporting these two
employees to Labour Canada were predicated by scientific, statutory, juris-
dictional, political and pragmatic considerations. The response of the
compensation authorities followed statute and their own guidelines and pro-
cedures. It should be recognized that the actions of AECL and the Workers'
Compensation Board cannot be construed as being necessarily supportive in a
scientific sense of a causal relationship between the cancers discussed and
the occupational radiation exposures.

Since 1982, two other employees with cancers possibly linked with
occupational exposure to ionizing radiation have been reported by AECL to
Labour Canada: a multiple myeloma, and an adenocarcinoma of the thyroid
gland. These reports were made more for jurisdictional than scientific
reasons, since the evidence supportive of radiation induction in both cases
was slender. The Workers' Compensation Board rejected both claims.

Three other cancers possibly related to exposure to asbestos have
been reported by AECL to Labour Canada: a malignant mesothelioma in an
electrician, a carcinoma of the ileura in a welder, and a carcinoma of the
colon in a machinist. The Workers' Compensation Board accepted the first
two claims and rejected the third.

The publicity about the acceptance by the Workers' Compensation
Board of radiation induction of the first two cancers reported led to num-
erous enquiries from employees and the public. Subsequently, five other
claims for work-related cancers were made by relatives of afflicted employ-
ees and by others to the Workers' Compensation Board. To date, all have
been denied by the Board.

Neoplasm of Lymphatic and Haematopoietic Tissue in Employees
at Chalk River Nuclear Laboratories

These neoplasms are of especial interest because of the increased
incidence of some, notably acute, leukemias, chronic myeloid leukemia, and
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to a lesser extent, the lymphomas, in the atomic bomb survivors and the
British ankylosing spondylitis patients [1,3].

Twenty of these neoplasms are known to have occurred in the CRNL
population during the period 1966-1983, two of them in women. Ascertainment
of these neoplasms and associated deaths, which occurred during active
employment, is believed to be complete. Some uncertainty exists about the
numbers in retired employees, and only one is known to have occurred in an
ex-employee. The neoplasms comprised

Malignant lymphoma 9
Chronic lymphatic leukemia 5
Chronic myeloid leukemia 3
Multiple myeloma 1
Hodgkin's disease 1
Agnogenic myeiiid metaplasia 1

The ages of the employees ranged between 27 and 80, with a mean of 54 years.
The Hodgkin's disease is excluded from etiological considerations since, in
retrospect, the disease was present when the employee first joined CRNL.

Detailed examination of the records of these employees and other
sources of information showed that in about two thirds there was known occu-
pational exposure to various carcinogens, or possible carcinogens, the most
important being ionizing radiation, asbestos and various organic solvents.

Ionizing Radiation

Only seven of the twenty employees with these neoplasms had cumu-
lative dose equivalents of 0.1 Sv (10 rem) or more, three being over 0.5 Sv
(50 rem). All seven had been employees for periods ranging between 21 and
33 years, averaging 26 years. Two of the seven had chronic lymphatic leu-
kemia, a type of leukemia generally considered not to be induced by exposure
to ionizing radiation. There was only one chronic myeloid leukemia in the
group. The remaining four consisted of three malignant (non-Hodgkinfs)
lymphomas and one multiple myeloma.

The remaining thirteen neoplasms occurred in employees with cumu-
lative dose equivalents of 0.1 Sv (10 rem) or less, seven having little or
no exposure (less than 0.01 Sv, or 1 rem). Among the thirteen, there were
two chronic myeloid leukemias: neither employee had been occupationally
exposed to ionizing radiation. The remaining eleven comprised seven malig-
nant lymphomas, two chronic lymphatic leukemias, one chronic lymphatic
leukemia/lymphoma and one agnogenic myeloid metaplasia. Acute leukemias
were not found.

If radiation exposures were a significant factor in the genesis of
these neoplasms, a greater proportion of acute leukemias and chronic myeloid
leukemias might reasonably have been expected. In the atomic bomb victims,
the ratio of excess leukemia to excess lymphomas approximated 8, and in the
British ankylosing spondylitis patients, about 3[3] . In contrast, the
liukeraia/lymphoma ratio observed in the twenty neoplasms is similar to that
found in populations not occupationally exposed to ionizing radiation, where
lymphomas predominate.
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The small numbers involved and uncertainties about the size and
age distribution of the population over the study period preclude meaningful
analysis of the data. It suffices to note that during 1966-1983, five
deaths from these neoplasms were certified in male employees under 65 years
of age: a rough estimate of the expected number is 5.6.

Asbestos

With respect to asbestos, the seven employees with dose equiva-
lents of 0.1 Sv (10 rem) or more had also been exposed directly to asbestos
in the course of their work in the reactor buildings and elsewhere, two of
them heavily. Six of the seven suffered lymphoid neoplasms, and one had
chronic myeloid leukemia. In the complete absence of quantitative dosimet-
ric data, th~ degree of their exposures to asbestos can only be inferred
from the morbidity of those exposed. At least 65 employees (80% steamfit-
ters and laggers, 20% reactor operators, welders, millwrights, etc.) at CRNL,
are known to exhibit radiographic abnormalities consistent with past expo-
sure to asbestos. While these changes are for the most part minor and of
little significance (pleural fibrosis, with or without calcification), sev-
eral employees have had recurrent pleural effusions attributable to asbestos
exposure, several have mild asbestosis, and one had died from a malignant
mesothelioma. These observations are of interest in view of recent reports
on the possible role of asbestos in the genesis of lymphoid neoplasms.
While these reports have been criticized mainly on ground of bias [4], such
a relationship can only be clarified by large-scale studies, as Kagan has
recommended [5]•

With respect to organic solvents, some known or suspected
carcinogens, the occurrence of the myeloproliferative disorder (agnogenic
myeloid metaplasia) in an employee with a history of chronic intermittent
exposure to xylenes is of interest, because some commercial xylenes may
contain benzene as an impurity. Another employee with malignant lymphoma
had been chronically exposed to carbon tetrachloride and trichloroethylene,
to a degree sufficient to produce symptoms, which in retrospect were
compatible with such exposure.

CONCLUSIONS

There are no conclusions, only tantalizing associations, which
might well be spurious. Even where dosimetric information is available, as
with radiation exposure, the constraints of a small population, the very
small numbers of rare diseases and other uncertainties do not permit
meaningful analysis at this juncture. These deficiencies underscore the
need for combined studies of atomic radiation workers, and particularly of
those with accumulated radiation doses of (arbitrarily) 0.25 Sv (25 rem) or
more.

Of the other exposures listed, asbestos is perhaps the most
significant, and its possible relationship with lymphoid neoplasms warrants
further study.
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DISCUSSION

In his paper, Dr. Evans described the circumstances leading to the
notification to the Workers' Compensation Board of Ontario of two cases of
cancer occurring in employees at Chalk River Nuclear Laboratories. Both
cancers involved the lymphatic and haematopoietic systems, and in both cases
there had been significant occupation exposure to ionizing radiation,
although no overexposure had occurred.

This paper led to an interesting discussion of similar cancers in
radiation workers for whom no significant exposure to ionizing radiation had
been recorded. Such cancers have been identified in some of the studies
being considered and a possibility exists that they may be related to expo-
sure to nonradiological carcinogens, such as asbestos or organic solvents,
possibly in conjunction with very low-level radiation exposure. It would,
on the basis of present knowledge, be difficult to demonstrate such an
interaction. There is no present evidence that cancer of the haematopoietic
and lymphatic systems has an incidence at CRNL greater than that to be found
in the general population. It was, however, agreed that it would be useful
to undertake a preliminary study to determine whether common nonradiological
exposure factors could be identified in other populations of radiation
workers.

It was noted that patients who develop chronic lymphatic leukemia
have a higher than normal incidence of other tumors and that this in itself
could lead to difficulty in the interpretation of tumor-incidence data.
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2.11 A COHORT STUDY OF EMPLOYEES OF ELDORADO RESOURCES LIMITED

Geoffrey R. Howe and John D. Abbatt

Eldorado Resources Limited is a Canadian Crown Corporation,
involved in the mining and processing of uranium products. The Company has
operated three major facilities between 1930 and 1980, namely, mines in
Beaverlodge, Saskatchewan and Port Radium, Northwest Territories, and a
refinery at Port Hope, Ontario. Thus, over the years, employees of Eldorado
have been exposed to various levels of radon daughters, known lung
carcinogens.

The present cohort study has determined the mortality experience
of Eldorado employees between 1950 and 1980. The lung-cancer mortality in
the cohort has been analyzed as a function of radon-daughter exposure.

A nominal role was established from company records for all cur-
rent and past employees. This role contained identifying information such
as surname, given name, and place and date of birth, and was used to link
the records for the cohort to the National Mortality Data Base maintained by
Statistics Canada. The latter contains records of all deaths occurring in
Canada since 1950 and has been used in a similar fashion for a number of
epidemiologlcal cohort studies. At the same time, individual exposures to
radon daughters were estimated from area and individual monitoring together
with each individual's employment history.

Significant excesses of lung cancer deaths were observed both in
Port Radium: Standardized Mortality Ratio (SMR) = 3.82 (95% C.I. 2.86 -
5.00), with 53 observed deaths, and in Beaverlodge: SMR = 2.71 (95% C.I.
2.15 - 3.36) with 82 observed deaths. A smaller, nonsignificant excess was
seen in the refinery at Port Hope: SMR = 1.45 (95% C.I. 0.81 - 2.39), with
15 observed deaths. A dose-response analysis relating risk to working-level
months (WLM) of exposure gave a relationship that was consistent with
linearity, and whose slope showed reasonable agreement with estimates from
other studies.

This initial analysis is currently being refined to examine ques-
tions such as the effect of age at exposure and latent period, to further
develop estimates of excess risk using both the absolute and relative risk
models. The cohort is particularly important, as it covers a period up to
50 years since first exposure, together with a substantial number of exposed
individuals, and should provide important evidence as to the magnitude of
the risk associated with radon-daughter exposure.
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DISCUSSION

Dr. Howe provided information on the current status of the
Eldorado Resources Limited study during the last presentation at the
meeting. This study, involving people who mined or processed uranium, uses
data going back as far as the late nineteen twenties and by now covers
224 536 person-years at risk- As brought out by Dr. Howe in discussion, the
dosimetric information available from the earlier years of this cohort is of
doubtful quality, depending upon retrospective estimates. During the past
10-15 years, however, there has been an improvement in data quality.

The finding of an excess incidence of lung cancer among uranium
miners is not unexpected, and the excess is comparable to that observed for
accidental and violent deaths. At present, it appears that there is a posi-
tive correlation between the incidence of lung cancer in uranium miners and
cumulative working-level months (WLM) of exposure. It was suggested that a
separate study should be made of those individuals whose accumulated life-
time exposures were in excess of 400 WLM.

The dose-equivalent appropriate to the WLM was discussed in the
light of the recognized difficulty of providing a number for this quantity.
A suggestion that 1.0 WLM be considered as roughly equivalent to a 200-mSv
(20-rem) dose to the bronchial epithelium, aroused no strong opposition.
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3. CONCLUSION

Since the Inverness meeting in 1982 June, there has been a great
deal of activity related to the epidemiology of radiation workers. This
topic was the basis for a meeting sponsored by the Health Physics Society in
Albuquerque, New Mexico (1983 January) and was also the subject of a session
of an International Atomic Energy Agency (IAEA) symposium held in Venice,
Italy during 1983 April. The IAEA has also established a Research
Coordination Program (RCP), and small-group meetings have been held in
Belgrade, Yugoslavia (1983 October) as well as in Villigen, Switzerland
(1984 September). The work of this RCP has now been terminated by the IAEA,
a circumstance that emphasizes the need for a forum in which those
responsible for epidemiological studies of the health of radiation workers
can meet informally to discuss their programs.

The extent to which the meeting at Whiteshell has met this objec-
tive can best be judged by the participants, but it appeared to provide a
satisfactory environment for the presentation of current data and the dis-
cussion of problems, many of which were common to all of the programs under
consideration.

A great deal of progress has been made since 1982 in the assembly
and verification of data. In several of the studies, results have been
analyzed and published, or prepared for publication. These results are
characterized by the fact that, as the data improve, there is no evidence of
major positive correlations between exposure to ionizing radiation below the
currently recommended occupational dose limits and the incidence of
radiation-induced diseases. The small excess of multiple myeloma at Hanford
remains. It is possible that a useful cooperative program could be devel-
oped to investigate the circumstances that relate to the incidence of dis-
eases of the lymphatic and haematopoietic systems at Hanford, at Chalk River
and in the British Nuclear Fuels Limited plant at Sellafield. Here the
interest lies not so much in radiation-exposure data, which show little
consistency across the series of cases discussed, but in the need to look
for other factors, such as exposure to chemical carcinogens, that may
possibly be common to the three operating sites. The statistically
significant excess of pancreatic cancer previously reported from Hanford has
disappeared. There is an interest in the incidence of cancer of the
digestive organs suggested by some of the data from Oak Ridge.

From an epidemiological viewpoint, many of the studies discussed
are small and the possibility of pooling data from these studies was dis-
cussed. In the past, this possibility has not been looked upon with any
great favour, but one of the more interesting developments at the Whiteshell
meeting was a general agreement that the question of "pooling" should be
considered. The difficulties of such a procedure are well recognized, but
provided that they can be handled confidently, there is a place for a pilot
study to assess the potential value of data pooling it the international
level. If this approach is found to be feasible, the statistical power of
the assembled data would increase. It might be possible to provide hard
numerical answers to questions that now tend to be resolved on the basis of
legal rather than scientific argument.
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A recurrent theme of the meeting concerned the potential confound-
ing of results by nonradiological factors, such as life-styles, particularly
smoking habits, and by exposure to chemical carcinogens. Difficulties
encountered in attempts to identify these factors illustrate the complexity
of future tasks. It is clear, however, that when an apparent positive
correlation, no matter how small or tenuous, assumes major importance for
compensation purposes, the identification of potential confounding factors
that may account for the perceived correlation is a matter of some
importance.

During the years to come, much remains to be done on the assembly,
verification and analysis of data available to the United Kingdom, United
States and Canadian studies represented at the Whiteshell meeting. In due
course, no doubt, similar studies in other countries will become known to
the participants at the meeting, and it is to be hoped that representatives
from these countries will be able to attend subsequent meetings of the group
first brought together in Canada.

It was tentatively agreed that a second meeting of the group
should be held in the United Kingdom during the latter part of 1986.
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5. PROGRAMME
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ON
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Dr. R.E. Green 0855 Welcome to WNRE.
Vice-President and
General Manager

CHAIRPERSONS AND SESSIONS

I. Dr. J.L. Weeks 0900 Introduction. - Dr. J.L. Weeks

0915 U.K. Registry of Radiation

Workers - Current Status. - Dr. G.M. Kendall

1015 Coffee

II. Dr. S.A. Fry 1030 The UKAEA Mortality Study. - Dr. A.N.B. Stott

1130 Discussion on Radiological

Protection Standards. - Dr. J.L. Weeks

1230 L U N C H

III. Dr. A.N.B. Stott 1400 The Oak Ridge Studies. - Dr. S.A. Fry

1500 Coffee

1515 The Hanford Studies. - Dr. E. Gilbert

1620 Leave for Finawa.



- 75 -

5. PROGRAMS (concluded)

September 20
(Thursday)

CHAIRPERSONS AND SESSIONS

IV. Dr. E. Gilbert 0900 The Ontario Hydi >.• Study. - Dr. T.W. Anderson

1000 Coffee

V. Dr. T.W. Anderson 1030 Breast-Cancer Incidence in a
Population Exposed to Fluoroscopy.

- Dr. G.R. Howe

1130 The AECL Employee Health Study. - Dr. J.L. Weeks

- Dr. D.K.. Meyers

1230 L U N C H

VI. Dr. J.A. Dennis 1330 Cancer Incidence at Chalk River

Nuclear Laboratories. - Dr. D.W.S. Evans
1430 The Eldorado Study of Workers

in the Canadian Uranium Mining
and Refining Industries. - Dr. G.R. Howe

1530 Coffee, Final Discussion and
Conclusion of Meeting.

1600 Departure from WNRE.
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