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I N T R O D U C T I O N  
THE DESIGN criteria out l ined in this paper  are based  on our  
experience in the deve lopmen t  and  the opera t ion  of the 
Nat iona l  Dose Registry (NDR)  in Canada .  Many ,  bu t  no t  
all, of the criteria p resen ted  have been  incorpora ted  in the 
current  N D R .  T h e  criteria descr ibed are thus  tbr  an ' ideal '  
registry. While  descr ipt ions  of existing registries are avail- 
able in the l i terature [1-3] ,  there  is little on  the actual  de-  
sign of  large-scale registries for radia t ion  workers [4]. 
Registers for radia t ion records have some similar require-  
men t s  as disease registers (for example,  p rob lems  related to 
ident if icat ion informat ion  will be c o m m o n ) ,  bu t  the actual 
hand l ing  of radia t ion  dose records canno t  be addressed  by 
these registries. 

P U R P O S E  OF THE REGISTRY 
Most  Nat iona l  Dose  Registries are mul t i -purpose  and  in 

many  cases have evolved from dose record-keeping  systems 
used for regulatory, purposes .  Genera l ly  speaking, the appli- 
cat ions of a regisu3~ include,  in decreasing order  of  impact:  

1, regulatory control;  
2. l ega l /compensa t ion / in format ion  purposes;  
3. dose t rends  and  statistical analysis; and  
4. epidemiology. 

Quite  often r equ i rement s  conce rn ing  the hand l ing  of dose 
records will differ depend ing  u p o n  the appl icat ion and  may 
actually conflict. For  example,  in the case of regulatory" con-  
trol or radia t ion dose control ,  the approach  tends  to be con-  
selwative: a dose which is mos t  likely non-persona l ,  bu t  
canno t  be conf i rmed as such, will be re ta ined on an individ- 
ual 's  record. If  these data  are used for epidemiological  pur-  
poses, such doses will lead to an underes t ima t ion  of the 
risk. For  legal or compensatoD" purposes ,  it may be necess- 
ary, to keep f ragmented  records separate.  However ,  for epi- 
demiological  studies,  where  there  is a reasonable  l ikelihood 
that  these records are for the same individual ,  they should  
be b rough t  together .  T h e  existence of a large n u m b e r  of 
f r agmented  records can reduce the SMRs.  

T h e  obvious solut ion is to create different sets of records 
for different purposes  so tha t  there is one set of records for 
regulator}' purposes  and  ano the r  for epidemiological  pur-  
poses. In pract ice this is expensive, and  having bo th  an 

'official '  set of records and  an 'unofficial '  set of records can 
u n d e r m i n e  the credibili ty of the registry'. 

One  solut ion is to ma in ta in  the records in their  original 
fo rmat  and  create a file tha t  can be used to combine  the 
f r agmented  records and  anno ta te  the ques t ionable  personal  
doses for epidemiological  purposes .  This  process requires 
fewer resources and  has the advantage  that  there  is still only 
one official record. 

OVERALL D E S I G N  C O N S I D E R A T I O N S  
T h e  following are overall design considerat ion~ tha t  

should  be taken into accoun t  in the deve lopmen t  of a 
nat ional  registD,. 

Cosf 

In order  to provide a long- te rm database  for epidemiolo-  
gical studies and  dose t rend  analysis, it is impor t an t  tha t  the 
registry' be able to survive periods of resource constraints .  
Opera t ing  costs and  the n u m b e r  of  staff should  therefore  be 
kept  at a m i n i m u m .  In addi t ion,  it is impor t an t  to use 
upwardly  compat ib le  compu te r  hardware  and  software so 
tha t  when  changes  are made,  it is not  n e c e s s a ~  to re format  
or res t ruc ture  e i ther  the data  or programs.  

Availability and timeliness of data 
T h e  registry' mus t  be able to provide,  in a t imely manne r ,  

in fb rmat ion  to its clients. These  clients may include regulat-  
ory authori t ies ,  Workers '  C o m p e n s a t i o n  Boards,  radia t ion  
workers,  and  the general  public ,  all of w h o m  will expect  
data  to be available with  a m i n i m u m  of delay. 

T h e  software used mus t  therefore readily extract  data  and  
produce  a variety of different,  professional- looking reports ,  
which  may be t r ansmi t t ed  to the client by paper ,  fax, or ma-  
ch ine- readable  data on diskettes. 

Confidentiality and data security 
Confident ia l i ty  of the data in the registry" should  be h igh 

priority. Wi thou t  limits on  confidential i ty,  organisat ions  and  
individuals will be re luc tant  to provide data. Th i s  can 
increase costs in efforts to obta in  the data and  cause gaps in 
the available data. 

Legal pro tec t ion  of the data  should  protec t  the privacy of  
the individual  and  limit the adminis t ra t ive  uses of  the data  
to those tha t  have been  defined and  publicly stated. 
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T h e  registry should  have s ta ted policies on access and  
should  have measures  in place to physically restr ict  access 
to the data. Th i s  latter can be accompl ished  by use of 
encrypt ion,  passwords,  and  restr icted direct  access. Data  
wi th in  the compu te r  should  be regularly backed up and  a 
disaster  plan should  be p repa red  to ensure  tha t  the data are 
no t  irretr ievably lost in case of des t ruc t ion  of  the computer .  

D E S I G N  CRITERIA 
T h e  design criteria listed below are in t ended  to address  

the overall design cons idera t ions  out l ined in the previous 
section. 

Flexibility 
T h e  registry' data  s t ruc ture  and  programs mus t  be  flexible 

enough  to a c c o m m o d a t e  changes  in mon i to r ing  devices, 
dose models ,  regulat ions,  and  o ther  hazards  in the work- 
place, such as chemicals  or diesel fumes. 

For  this reason,  p r o g r a m m i n g  should  be well d o c u m e n t e d  
and  modu la r  in s t ruc ture  so tha t  areas of the p rogram 
requir ing changes  can easily be identified. 

T h e  use of  codes tha t  link to look-up tables can provide 
flexibility for i tems that  may change  with time. Parameters  
can then  easily be added  or changed  and  input  data  can be 
val idated against  the look-up tables. Typical  look-up tables 
are listed in Tab le  1. They  include: dose record types to dis- 
t inguish  be tween  the different kinds of radia t ion records;  
b i r th  place codes to identify, countr ies  of birth;  mon i to r ing  
f requency to dis t inguish different mon i to r ing  frequencies  
current ly  in use, as well as those used in the past. 

Automated data processing 
M u c h  data  validation,  edi t ing and  processing can be auto- 

ma ted  with the compu te r  checking. Bulk dose records can 
be en tered  in ba tch  mode  and  er roneous  records wri t ten  to 
a suspense file. P r in tou t s  of these records can be used for 
follow-up and  correct ions m a d e  to the suspense  file. 
Records tha t  have been  corrected can be automat ical ly  
retr ieved from the suspense  file and  reprocessed.  

Even with the use of a nat ional  identifier  such as the 
Social Insu rance  N u m b e r  or Na t iona l  Hea l th  N u m b e r ,  it is 
still necessa13" to be able to merge records.  For  example,  if 
t e m p o r a l '  ident if icat ion n u m b e r s  are given to visitors or 
immigran ts  and  a p e r m a n e n t  n u m b e r  granted  later, it will 
be necessary to merge  the records together.  If no na t ional  
ident if icat ion n u m b e r  is used, it would  be p r u d e n t  to have 
an  a u t o m a t e d  search for ' new '  registrants to ensure  tha t  
they are not  already in the database.  A merging  facility is 
essential to ensure  tha t  records can be efficiently merged  
when  f ragmenta t ions  are identified. 

Table 1. Examples of look-up tables 

Radiation type 
Record type 
Dose units 
Organ codes 
Raw data units/conversion factors 
Measurement type 
Birthplace (country.) codes 
Geographical codes 
Employer type 
Regulatory' authority code 

Cand ida tes  for merging can be selected according to pre- 
set criteria and  p resen ted  on a screen. After  the opera tor  
has conf i rmed that  the merge should  proceed,  the c o m p u t e r  
can then combine  the dose records and  upda te  the personal  
informat ion .  

If  comple te  ident if icat ion in format ion  is inc luded  on each 
submi t t ed  record,  then  upda tes  to the in format ion  in the 
regis tw can be made  as required.  For  new individuals,  the 
compu te r  can automat ical ly  enter  the ident i f icat ion infor- 
mat ion .  In cases where  the record  already exists in the data-  
base, there is an oppor tun i ty  to compare  the  incoming  
in format ion  with the existing. Pr in tou ts  of conflicts can be 
genera ted  for follow-up. 

Automat ic  su rname  upda t ing  by the compu te r  can save 
considerable  t ime and  can be used for su rname  changes  
arising f rom spelling variat ions or f rom legal changes  due to 
marriage,  adopt ion ,  etc. If  the o ther  identify'ing in format ion  
such as given names  and  date of  b i r th  match ,  the c o m p u t e r  
can automatical ly  upda te  the su rname  and  p roduce  a pr in t -  
out  for review. In mos t  cases, the upda tes  will be correct  
and  can be readily conf i rmed from the pr in tout .  T h e  orig- 
inal su rname  can be s tored in a previous su rname  file for 
future relerence.  

Reporting 
Extrac t ion  and  repor t ing  of the data mus t  be accom- 

pl ished in a t imely manner .  A four th  genera t ion  language 
(4GL)  can be useful because  it provides  the rapid extract ion 
of data and the p roduc t ion  of professional- looking reports  
with a m i n i m u m  a m o u n t  of  code. However ,  the 4 G L s  do 
require more  C P U  t ime and  space. Fu r the rmore ,  since the 
man ipu la t ion  of  data for complex repor t ing  can be difficult 
using 4GLs,  it may be necessaw to cont inue  to use a com- 
patible third genera t ion  language for the more  complex  data 
manipula t ions .  

A n u m b e r  of rout ine  reports ,  which should  be an  integral  
par t  of  any system, are listed in Tab le  2. Daily opera t ing 
statistics should  be p roduced  showing the n u m b e r  of 
records processed,  the size of  the files, and  the file capacities 
to allow the mon i to r ing  of the data input  and  of the growth 
of the files. 

Daily error reports  should  be p roduced  for invalid data 
and  characters  in the input  data. Listings of individuals  who 
are no t  in the da tabase  and  have missing identif icat ion in- 
format ion  should  be p roduced  in a fo rmat  tha t  allows direct  
mai l ing to the organisat ions  for follow-up. 

W h e n  an individual ' s  dose exceeds the regu la tow limits, a 
not if icat ion letter identiI}'ing the individual ,  the dose limit 

Table 2. Reports 

Routine (daily: 
Operating statistics 
:High exposure notification 
Invalid data in record 
Surnamc automatically added 
Identifier non-match 
:Missing ID in% (fi~r new registrants) 

Rcquest (papcr screen) 
*Dose history 
Company personnel report 
Ad hvc rcports 

: F~rmattcd for direct mailing 
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exceeded and  thc appropr ia te  regulatory authori t ies  should  
be  p roduced  in a fo rmat  ready for s ignature  and  mailing. 

In addi t ion  to the above rout ine  reports ,  a n u m b e r  of 
s t andard  reports  should  be available upon  request .  These  
include a radia t ion  dose history s u m m a r y  and  a company  
personne l  report  listing mon i to red  workers at tha t  organis-  
ation. 

A n u m b e r  of specialised p rograms  will be  requi red  to 
respond  to requests  f rom the regulatory agencies. These  
could include rout ine  summar ies  of  individuals  and  organis-  
at ions tha t  have doses exceeding specified limits in a given 
t ime period.  

An ad hoc query screen can be used to create and  access 
specialised programs re ta ined  in an ad koc l ibrary so tha t  
over a per iod of t ime,  p rograms developed in response  to 
specific requests  and  appl icat ions  can be re ta ined for future  
use. 

Search capabilities 
Powerful  search capabili t ies are necessary for identifying 

f r agmented  records and  the process ing  of cur ren t  records.  
Searches  can also help locate dose records when  requests  
for in format ion  do not  always have comple te  identifying in- 
format ion.  

T h e  system should  be able to search by surname,  and  a 
comb ina t i on  of  given names ,  sex and  date of  birth.  T h e  use 
of  different combina t ions  of  identifiers can be used to 
nar row down  or widen the search. Searches of  a more  
specific na tu re  can be readily done  by means  of  special pro- 
grams using the 4GL.  

Compatibility 
T h e  layout for data  submi t t ed  in a mach ine - readab le  for- 

ma t  f rom other  organisat ions  should  be  s tandardised.  
D o c u m e n t a t i o n  specifying the s tandard ised  fo rmat  and  out-  
l ining adminis t ra t ive  p rocedures  should  be  available. 

Compatibi l i ty '  of hardware ,  software, and  data  layouts is 
necessary, if data are to be  received from other  organisat ions,  
otherwise considerable  t ime can be  wasted in trying to pro-  
cess the data. 

Some a t ten t ion  should  be given to ensure  tha t  the hard-  
ware and  software used are compat ib le  with early records,  
otherwise the re format t ing  of  the early records into compat i -  
ble formats  may be costly. 

D A T A  M O D E L  A N D  D E S I G N  
T h e r e  are basically three  kinds of in format ion  that  are 

s tored in a na t ional  dose record  system. These  are: individ- 
ual informat ion;  dose informat ion;  and  employer ' s  infor- 
mat ion .  

T h e  re la t ionship be tween  these three different types of 
data  is i l lustrated in Figure 1. T h e r e  is a one - t o -many  re- 
la t ionship be tween  individual  in format ion  and  dose infor- 
mat ion ,  and  be tween  the organisat ional  in format ion  and  
dose informat ion.  T h e  re la t ionship be tween  the individual  
in format ion  and  organisat ional  in format ion  is many- to -  
many.  These  relat ionships mus t  be taken into account  in 
establ ishing the data flow in the system. 

T h e  three  kinds of in format ion  are s tored as keyed files or 
databases  and  are l inked together  by c o m m o n  keys. T h e  in- 
dividual in format ion  and  dose in format ion  can be l inked by 
the individual ' s  identifying n u m b e r  (a nat ional  identi ty 
number ) .  T h e  dose in format ion  can be linked to the organ-  

DATA MODEL 

INDIVIDUAL 

I 
EMPLOYER 

DOSE 

Figure 1. Data  model .  

isational in format ion  by a numer ica l  organisat ional  code. 
Addi t ional  keys can also be used to allow rapid searching on  
a variety of items. These  keys should  be reviewed carefully 
in the early stages of  the  design, since it may be difficult to 

create new keys once  the system is in place. 
T h e  in format ion  inc luded  in the three data sets is sum-  

mar ised  in Tab le  3. Th i s  table also indicates  val idat ion 
checks, which  can be pe r fo rmed  and  the appropr ia te  act ion 
r e c o m m e n d e d  if the check should  fail. For  serious errors the 
records should  be wri t ten  to a suspense  file for future  fol- 
low-up and  correct ion.  In the case of  o ther  errors, the 
records can be processed and  a p r in tou t  p roduced  showing 

the error. 
T h e  na t ional  ident i ty  n u m b e r  or su rname  are sufficiently 

impor t an t  that  records missing these i tems should  be  
rejected to the suspense  file. Records can also be rejected if 
codes canno t  be val idated against  look-up tables. Fu r the r  
checks can be m a d e  to ensure  tha t  the incoming  data  
matches  or is cons is tent  with  data already existing in the 
database.  For  example,  incoming  given names  or dates of 
b i r th  can be checked against  existing data for mismatches .  

Figure 2 shows the physical data  flow model  used by the 
N D R  for rout inely upda t ing  in format ion  in the database.  
Upda te s  are wri t ten  to a ho ld ing  file L D H S R A N S ,  which  is 

Table 3. Dataset summao' 

Variable Check Action 

Numeric ID 
Surname 

Given names 
Sex 

Birth date 
Birthplace 
Monitoring frequency 
Radiation type 
Dose 
Geographical code 
Employer's ID 
number 
Employer type 

Arithmetic Suspense 
Alpha/present Suspense 

Match with previous Print/update 
AlphaJpresent Suspense 

M,F, Print/no update 
Present PrintJupdate 

Valid day, month, yr Suspense 
Look-up table Suspense 
Look-up table Suspense 
Look-up table Suspense 
Numeric/range Suspense 
Look-up table Suspense 

Look-up table Suspense 
Look-up table Suspense 
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DATA FLOW DIAGRAM 
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Figure 2. Data flow diagram. 

processed daily. Records for L D S T R A N S  are checked for 
errors and any records with errors are writ ten to a suspense 

file and an appropriate  pr intout  is p roduced  for follow-up. 
Records are edited in the suspense file by a screen and the 
suspense file is automatically processed with the regular rou- 

tine run the following day. Records that do not  contain 
errors are writ ten to the L D H S  database and a copy of  the 
updat ing record is writ ten to the H I S T R A N S  file. This  file 
contains on-line transaction records that can be periodically 
removed and placed on microfilm. 

In addit ion to the daily batch updating,  records can also 
be edited and corrected on-line. All on-line transactions are 
writ ten to audit trails that contain the original data, the 
modif ied data, the time and date of the update,  and the 
name of  the clerk who per formed the update.  

The  on-line updat ing can include adding and deleting 
doses and updat ing individual identification information.  A 
special screen that allows the changing of any fields without  
edits or checks is useful for cases where changes to records 
cannot  be made through the regular screens because of  the 
built-in edit checks. 

H A R D W A R E  R E Q U I R E M E N T S  
The  registry' described in this paper  requires an interactive 

compute r  system with r andom access. Five data access or 

entry terminals with slave printers are used. A laser pr inter  
is used for printing the follow-up letters and forms. 

Table 4. Dataset capacities 

Dataset Number of records Space (mb) 

Individual 486,424 56.8 
Alt surname 60,054 5.3 
Alt ID Number 413,776 18.8 
Annual dose records 2,686,524 305.0 
Dose trans 546,420 186.6 
Employer address 23,440 15.5 
Tables, programs, etc 86.7 
Total capacity 682.1 

The  current  file sizes and est imated space requirements  
are listed in Table 4. These  figures are based on the current  
National Dose Registw, and can be used to get rough esti- 
mates of  sizes. It can be seen that most  of  the space is 

required for the annual dose summary records,  al though the 
dose transaction records, if kept permanent ly  on the system, 
would take up a large amount  of  space over time. The  cur- 
rent National  Dose Regist~" is growing at the rate of ap- 
proximately 20 megabytes (mb) per  year. 

F U T U R E  D I R E C T I O N S  
With the continuing decrease in the cost of storage, differ- 

ent approaches to the design of registries may be possible in 
the future. For  example, optical disk storage of machine-  
readable data offers very" large storage capacities at reason- 
able cost. It may be feasible to keep only the basic discrete 
input records on optical disk and to retrieve the necessary. 

records and calculate the doses when required. Such a sys- 
tem would consist of  an optical reader capable of  reading 
automatically a n u mb er  of optical disks, and a work-stat ion 
served by a smaller local area network of work-stations for 
input and updat ing the information.  This system would be 
in contrast  to the design presented  here where the main 

database consists of annual s u m m a w  records that are sup- 
p lemented  by the discrete t ransact ion records stored even- 
tually on microfilm. 
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