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RADIATION CARCINOGENESIS 
KNOWLEDGE OF human cancer risks due to exposure to 
ionising radiation is based in large part on studies of atomic 
bomb survivors [1 ]. Because of the short-term high exposures 
experienced by atomic bomb survivors, there are difficulties 
in extrapolation of these results to long-term low-level ex- 
posures experienced by workers exposed to radiation by vir- 
tue of their occupation and by members of the general 
public who may be exposed to low levels of radiation from 
environmental, medical and other sources. Differences in 
cancer-incidence rates between Japan and other countries 
also raise questions about the general applicability of can- 
cer-risk estimates derived from the follow-up of atomic 
bomb survivors to other populations. 

Early occupational studies have focused on medical radi- 
ologists and radiological technicians [2-4], dial painters [5, 
61, and underground miners [7 9]. Early studies of radiol- 
ogists revealed excess mortality from leukaemia, multiple 
myeloma, and cancers of the pancreas, lung and skin. 
Radium dial painters early in the centuw were lbund to 
have excess osteocarcinomas and carcinomas of the parana- 
sal sinus and mastoid. Underground miners exposed to the 
radioactive decay products of radon gas experienced elev- 
ated lung cancer rates. 

The studies that provide the most information for quanti- 
fying the effect of exposure to low doses are those of nuclear 
industw workers. Nuclear workers represent relatively large 
cohorts exposed to low levels of radiation under well- 
described circumstances and whose doses are carefully mon- 
itored and recorded for regulator3' control [10, 11]. 
Recently, in an attempt to increase statistical power, com- 
bined analyses of data from several cohorts in the U.S.A. 
[12] and in the U.K. [13] have recently been carried out. 
Because of differences in the study populations, combined 
analyses of data from different sources need to be con- 
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ducted carefully [14]. The International Agency for 
Research on Cancer (IARC) is currently conducting a com- 
bined analysis of nuclear workers in several countries [15]. 

CENTRALISED DOSE REGISTERS 
For the purpose of this report, a centralised dose register is 

a repositoD' of data on occupational radiation exposures 
maintained at a nations level. In principle, this allows 
worker exposure histories to be maintained in a single lo- 
cation as they change jobs. Registers contain cumulative 
radiation records that can be used for a variety of purposes 
including regulatoD, control of occupational radiation ex- 
posure and epidemiological studies of occupational radiation 
carcinogenesis. 

The development of a comprehensive centralised radi- 
ation dose register is not a trivial undertaking [16]. 
Consideration needs to be given to the type and source of 
radiation to which workers are exposed, and to the type of 
dosimeters or monitoring systems required for each radi- 
ation type. Radiation exposures may be evaluated using per- 
sonal dosimeters, bioassay or area monitoring. 

The frequency with which data are submitted to the cen- 
tralised register may vary with radiation type and employer. 
In the past, data have been provided to the registers in the 
form of written reports. If data are to be submitted using 
electronic media (floppy disks or direct transmission), highly 
standardised reporting formats will need to be developed. 

Dosimeters used to determine occupational radiation ex- 
posures may be read in local laboratories or at a central lo- 
cation possibly affiliated with the centralised dose register. If 
either the same or different dosimeters are read in different 
laboratories, the compatibility of dose information obtained 
from different sources needs to be established. 

THE WORKSHOP 
In order to provide a basis for discussion of the issues 

involved in the use of centralised dose registers for epide- 
miological purposes, a number of the workshop participants 
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were asked to prepare  b a c k g r o u n d  papers  based  on  their  ex- 
perience in this area. T he  initial paper  by Professor  A. 
Mil ler  (Canada)  provides an overview of the epidemiological  
l i terature on radia t ion cancer  risks [17]. T h e  remain ing  
papers  describe experiences in different countr ies  in the 
deve lopmen t  and  use of central ised dose registers for epide- 
miological  purposes .  O n  the basis of these papers  and  sub- 
sequen t  discussions,  the following r e c o m m e n d a t i o n s  were 
proposed.  

Research F o u n d a t i o n  in col labora t ion with Nat iona l  Dose  
Registry of ch i ldhood  leukaemia and  parenta l  exposures 
[18]. Discrete  dos imeter  records and  t h r e e - m o n t h  sum- 
maries  were necessaD" to identify doses received by parents  
in the per iod prior to concept ion.  A previous s tudy by 
G a r d n e r  and  colleagues [19] was criticised on the grounds  
that  exposures occurr ing dur ing  the per iod six m o n t h s  pr ior  
to concep t ion  were es t imated by amor t i sa t ion  of annua l  
exposures.  

R E C O M M E N D A T I O N S  
Following the p resen ta t ion  of the b a c k g r o u n d  papers,  par-  

t ic ipants  at the meet ing  discussed ways of improving  the use 
of registers and  thei r  data  in epidemiological  research. 
Consensus  was reached  on the r e c o m m e n d a t i o n s  given 
below. Each r e c o m m e n d a t i o n  is followed by a br ief  sum- 
mary" of its under ly ing  rat ionale  and  relevant  points  raised in 
the discussion. 

T h e  first eight  r e c o m m e n d a t i o n s  deal with the design and  
con ten t  of radia t ion  dose registers. T h e  last r e c o m m e n -  
dat ion calls for a legislative basis for central ised dose regis- 
ters. Al though  this r e c o m m e n d a t i o n  impacts  upon  
regulatory" policy, the par t ic ipants  felt it was impor t an t  tha t  
a firm basis exists for deve lopment ,  imp lemen ta t ion  and  
ma in t enance  of central ised registers. 

Exposure data Jbr different o,pes of radiation should be recorded 
separately and it should include all basic data collected 

This  is necessary to ensure  unde r s t and ing  of the basic 
dosimetr ic  quant i t ies  recorded  over t ime, taking into 
account  the type of dosimeter ,  quality factors, cal ibrat ion 
me thods  and  dosimetr ic  models  in use at different t imes, 
thus  ensur ing  the comparabi l i ty  of available dose est imates 
over t ime across facilities. 

Inaccuracies  in the dose m e a s u r e m e n t s  themselves  should  
not  be overlooked. T h e  dos imeter  is only moni to r ing  a frac- 
t ion of the surface area of the body  and  individuals  do not  
always wear their  dosimeters  in the appropr ia te  place. 

T h e r e  was cons iderable  discussion on whe the r  or not  the 
data in the register should  include informat ion  on con-  
found ing  factors such as exposure to tobacco smoke. It was 
felt tha t  a simple indica tor  of  whe the r  or no t  the individual  
had  ever been  a regular  smoker  would be useful. Mos t  of 
the par t ic ipants  felt tha t  this in format ion  could be readily 
incorpora ted  into their  registers. However ,  some concern  
was expressed over the accuracy of in format ion  obta ined.  
For  example,  in a s tudy of Ontar io  miners ,  un ion  represen-  
tatives expressed concerns  tha t  providing informat ion  on  
smoking  may jeopardise potent ia l  compensa t ion  claims. 

O the r  possible confounders  discussed were background  
and  medical  radiation.  In C a n a d a  and  the U.K. ,  correct ions 
are made  for backg round  radioactivity. It was po in ted  out  
tha t  collective doses f rom medical  radiat ion are several 
t imes higher  in Japan  than  they are in the U.K.  In any inter-  
nat ional  pool ing of da'ta, such confounders  would have to 
be considered.  

Cumulative amlual doses should be retained whenever possible 
T h e r e  was an agreement  tha t  annua l  dose informat ion  

should  be re ta ined whenever  possible. A l though  annua l  
doses will be adequa te  for mos t  studies,  a finer b reakdown 
may be required in some studies. Th i s  was the case in a 
recent  s tudy conduc t ed  by Ontar io  Cance r  T r e a t m e n t  and  

Internal doses should be recorded 
In terna l  doses of radionucl ides  such as caesium and  tri- 

t ium should  be inc luded in central ised dose registers. At a 
m i n i m u m ,  the date of measu remen t ,  the radionucl ide  and  
an est imate of intake should  be provided.  Al though  annua l  
doses to specific organs are desirable for epidemiological  
purposes ,  demons t r a t ions  of legal compl iance  for in ternal  
dose are usually conf ined ei ther  to 'effective whole body  
dose '  in tegra ted over 50 years form the cur ren t  year 's  intake 
of radioactivity,  or to the fract ion of pe rmi t t ed  intakes for 
all nucl ides in tha t  year. Owing to the he te rogeneous  distri- 
bu t ion  of dose in the body  from ingested radioactivity,  none  
of these quant i t ies  permits  useful calculat ions or organ dose. 
However ,  it should be possible for dosimetD" services con-  
cerned  to express thei r  in ternal  dosimetD" informat ion  in 
te rms of the quant i ty  of specified materials  (or nuclides)  
taken into the body for each year of exposure.  Th i s  infor- 
ma t ion  is succinct ,  s imple to record  (albeit at the cost of 
significant computa t iona l  effort), and  sufficient to derive 
annual  organ doses. 

Accidental exposures should be recorded 
Inclus ion of accidental  radia t ion exposures will ensure  

tha t  coverage of exposure f rom all sources is as comple te  as 
possible. Since shor t - t e rm accidental  exposures may be rela- 
tively high,  this in format ion  could be useful in assessing 
dose rate effects. At a m i n i m u m  the date of measu remen t ,  
type of radia t ion  and  an est imate of thc dose should  be 
recorded.  

Muhiple personal identifiers should be recorded 
Mult ip le  identifiers are neces sa~  7 for studies involving 

computer i sed  record  linkage as well as ensur ing  the com- 
pleteness of the records.  R e d u n d a n c y  in the identifiers is highly 
r e c o m m e n d e d ,  and  al ternative identifiers such as names  at 
b i r th  or ma iden  names  should  be re ta ined wherever  poss- 
i.ble. Suggested identifiers for central ised dose registers 
include: su rname,  first given names,  previous surnames ,  sec- 
ond  given name,  sex, b i r th  date,  b i r th  place, b i r th  name,  
mo the r ' s  ma iden  name,  and  fa ther ' s  given name.  T h e  use of 
such personal  in format ion  should  comply with any confi- 
dentiali ty and  legal restraints  in place in different countries.  

If possible, a un ique  identifier should  be used for subjects 
included in a central ised dose regis t~ .  T h e  use of a na t ional  
identif icat ion n u m b e r  can be  very useful for l inking records 
for research purposes .  In Canada ,  it was necessary to obta in  
special permiss ion  to use the Social Insurance  N u m b e r  for 
the ma in t enance  of radia t ion  dose records.  

Even if a un ique  identifier  is available in the register, the 
use of addi t ional  personal  identifiers is r e c o m m e n d e d .  T h e  
un ique  identifier canno t  be used to link registry, data to 
other  databases  where  that  identifier  is absent .  In  some 
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cases, the use of un ique  identifiers may be restr icted for 
confident ial i ty  reasons.  

Centralised dose registers should be designed to nteet both 
regulatory monitoring and epidemiological needs 

In mos t  countr ies  where  the deve lopmen t  of na t ional  dose 
registers was mot iva ted  by regulatory needs,  a no tab le  
except ion is the N R R W  in the U.K. ,  which was originally 
set up for epidemiological  purposes .  T h e  par t ic ipants  felt 
tha t  it shou ld  be  possible to satisf3, bo th  r egu la tow and  
research needs  using the same register. 

It is no t  advisable to have two sets of records,  one for 
each purpose  for reasons of  credibili ty and  data integrity. A 
possible compromise  would be to ma in t a in  a primary" set of  
records for regulatoD- purposes ,  to be s u p p l e m e n t e d  with 
addi t ional  in format ion  required in epidemiological  investi- 
gations. 

T h e r e  was some discussion on the extent  of coverage by 
central  dose registers. In some countr ies  all mon i to r ed  
workers are included,  whereas  in others  coverage is l imited 
to nuc lear  workers.  T h e  extent  of  coverage depends  upon  
the purpose  of the registry, and  the regulatory' e n v i r o n m e n t  
in which  it mus t  operate.  

Indicators of socioeconomic status should be included 
It was suggested that  the occupat ional  category" could be 

used as a measure  of  a soc ioeconomic  status,  since most  
registers provide in format ion  on occupat ion.  In the U.K. ,  
job categories are used for statistical purposes  by  regulato W 
authori t ies.  Changes  in the categorisat ion scheme by the 
regula tor"  bodies  can cause difficulties in research studies. 

IARC is consider ing job classification schemes for use in 
their  s tudy on  nuc lear  workers. Th i s  is a difficult issue, 
requir ing the deve lopmen t  of an  in te rna t ional  classification 
based  on  disparate  classifications in different countr ies .  

T h e  Na t iona l  Dose  Registry of C a n a d a  has current ly  80 
different job categories. This  is too fine a b reakdown for 
mos t  studies, and  a t tempts  are be ing  m a d e  to collapse these 
into a smaller  n u m b e r  of useful categories. F r o m  an epide-  
miological  s tandpoin t ,  b road  job categories may not  be use- 
ful, and  could be highly correlated with radia t ion exposure.  

Registers must be designed to be fully flexible 
Registers mus t  be able to adap t  to new changes  in regu- 

lations, types of dosimeters ,  dose models ,  etc. Da ta  extrac- 
t ion and  man ipu la t ion  mus t  be s t ra ightforward and  
economical  so tha t  the register can meet  the wide variety of 
d e m a n d s  placed upon  it. 

There should be a legislative basis jbr a natzonal register o/" 
occupational radiation exposure records 

This  legislation should  require  mon i to r ing  organisat ions  
to send data  to the Registry, pro tec t  the confidential i ty of 
the data,  and  ensure  tha t  it is accessible for research pur-  
poses. D e p e n d i n g  upon  the country,  this legislation may 
also include specific r egu la to r -  requi rements .  

In the U.K. ,  individuals  have the r ight  to refuse to partici-  
pate in the N R R W ,  bu t  experiences  have shown that  few 
people  actually do. In some countr ies ,  such as Ge rmany ,  in- 
fo rmat ion  on  cause of  dea th  is cons idered  confidential .  In 
such cases, individuals  need  to be contac ted  to secure per- 
miss ion to access dea th  records. 

C O N C L U S I O N S  
This  article reports  on  the cur ren t  status of radia t ion  dose 

registers in Canada ,  Japan,  the U n i t e d  K i n g d o m  and  
Sweden.  F in land,  H u n g a w  and  Switzer land also operate  
central ised dose registers. Over  one mill ion nuc lear  industry' 
workers occupat ional ly  exposed to radia t ion are inc luded  in 
cur ren t  registers. 

Mos t  of the central ised radia t ion exposure registers have 
been  establ ished to mon i to r  worker  exposure to ensure  tha t  
occupat ional  doses r emain  within es tabl ished regulatory 
limits. However ,  once a central ised dose register is estab- 
lished, it affords a un ique  oppor tun i ty  for epidemiological  
invest igat ion of  the heal th  effects ( including cancer)  of ionis- 
ing radiat ion.  

Ideally, a central ised radia t ion dose register should  
include: annua l  dose est imates for each individual  in the 
register, inc luding  est imates of in ternal  doses, recorded  by 
radia t ion  type and  accompan ied  by all basic data on  the 
quant i ty  recorded  and  the assumpt ions  made  for es t imat ion  
of the doses; cumula t ive  annua l  doses; and  mul t ip le  per- 
sonal identifiers. Sufficient personal  identifiers should  be 
inc luded to permi t  linkage of radia t ion exposure  data  in the 
registry with data on hea l th  status, thereby facil i tat ing the 
conduc t  of epidemiological  investigations.  

T h e  first large-scale epidemiological  s tudy based  on  a 
central ised radia t ion dose register was repor ted  by Kendal l  
and  colleagues [13]. Th i s  retrospect ive cohor t  mortal i ty  has  
served to s t reng then  the existing da tabase  on  the cancer  
risks associated with occupat ional  exposure to ionising radi- 
ation. A similar analysis based on the Nat iona l  Dose  
Regis tw of C a n a d a  will be  comple ted  this year. 

Even though  these studies involved large n u m b e r s  of 
workers, mos t  have been  exposed to relatively small  doses of 
radiat ion,  and mos t  of the exposed popu la t ion  is still alive. 
Individually,  these studies may not  be able to es t imate  pre-  
cisely the risk associated with low doses of  ionising radi- 
ation. In an a t t empt  to overcome these difficulties, IARC is 
conduc t ing  c o m b i n e d  analysis of data f rom Canada ,  the 
U.K.  and  the U.S.A. IARC has also s tar ted an in te rna t ional  
collaborat ive s tudy of nuclear  workers,  which  is be ing  car- 
ried out  s imul taneous ly  in 11 countr ies  using a c o m m o n  
core s tudy protocol  [15]. In the future,  the co-ord ina ted  
assembly of  addi t ional  data on occupat ional  radia t ion  ex- 
posures  t h rough  central  dose registers will be of  great value 
in clarigqng the extent  of cancer  risk associated with occu-  
pat ional  radia t ion  exposure.  
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