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Recent studies in the United Kingdan have demnstrated an haeased 
of childhood leukaenia in the vicinity of nuclear facilities that 

are involved in fuel reprrooessiq and weapm manufacturing. The general 
objective of W s  study was to investigate vihether or not there exist 
clusters of leukaemia ammg chil- bom to mothers resident in the 
vicinity of nuclear facilities in Ontario. 

Seven huradred and ninety-five children, aged 0-4 years, who died of leukaemia 
between 1950 and 1986, and 951 children who were d i m  w i t h  leukaemia 
between 1964 and 1985, were identified fmn the Ontario Cancer Registry. 
Residence at the time of birth was &tained fran birth certificates. 
Residence at the time of death was obtained fmn Ontario Cancer Registry 
records or death certificates. Analyses were perfarmed separately for each 
of three gmeral types of nuclear facilities (nuclear facilities; 
uranium mining, mill* and refining facilities; and nuclear power generating 
statims), and for two levels of geqmphic area amum3 each facility 
(wunty, and a "nsarby" area w i t h i n  a 25 kilometre radius). Relative risk 
estimates ware calculated for each facility and each geographic area as the 
ratio of the obsarved (0) over the expectd (E) number of events for each 
area. For the calculation of mrhlity ratios by msi- at time of death, 
the expecbd  values referred to the rnnnber of deaths that would be expected, 
an the basis of provincial rates, in a given population of children aged 0-4 
years. For the calculation of mortality and incidence ratios by residence at 
time of birth, the expected values referred to the number of evants that 
would be expect& for a given runrrber of live births. 

T h e  ohserved number of children with leukaemia in the vicinity of the nuclear 
research facilities in R e n f r e w  County was less than the expcted number, with 
cwnty level mortality ratios of 0.83 (0 = 9, E = 10.8) and 0.77 (0 = 8, 
E = 10.4) far the residence at death and msidence at birth analyses 
respectively. Results of the analyses of leukaenia incidence by residence at 
time of birth m similar to tbse  of nortality by residence at time of 
birth. In the area "neartry" the mseamh facility at ChaUc River, an even 
lower level of relative risk was detected, w i t h  incidence and mortality 
ratios ranging from 0.31 (0 = 1, E = 3.2) to 0.37 (0 = 1, E = 2.7). These 
results dammtmted that the ninefold ris3c that was previously mted in the 
British study of leukaenia in the vicinity of the reprocessing facility at 
Sellafield (0 = 5, E = 0.53) was not obsemed in the vicinity of the Chalk 
River nuclear research facility. 

1x1 general, the frequency of childhood leukaemia was slightly higher than 
expected in the vicinity of the two facilities involved in uranium mining, 
milling and refining; however, different patterns were observed for each of 
the facilities. Relative risk estimates were higher by residence at time of 
birth than by residence at time of death amund the Port Hope facility [e. g. , 
1.6 (0 = 7, E = 4.5) versus 1.4 (0 = 6, E = 4.3) respectively], whereas the 
apposite was true for the Elliot Lake area [e.g., 1.1 (0 = 2, E = 1.8) versus 
1.8 (0 = 3, E = 1.7)] . In the area "nearby1' Port Hope, the relative risk 
estimates were slightly higher than for the county [e.g., for incidence 1.7 
(0 = 9, E = 5.2) versus 1.4 (0 = 14, E = 9.8) respectively], but generally 
the "near&" Elliot Lake estimates were lower than the wunty values [a. g. , 
for incidence 0.4 (0 = 1, E = 2.4) versus 1.0 (0 = 18, E = 17.5) 
respectively]. The lower bounds of the confidence intervals for all of these 
estimates encanpassed 1.0, therefore the degree of excess risk detected could 
have been due to chance. 



* 
The of leukaemia in children in the vicinity of nuclear power 
g-ating statims was slightly higher than -. Essentially, there 

r was little difference between the county and "nearby" analyses for the 
facility at Pickering as the two geographic areas were almost identical. 
The relative risk estimates for the "nearby" area were 1.2 (0 = 50, 
E = 41.3) for the analysis of incidence and 1.4 (0 = 17, E = 12.4) for the 
analysis of mrtality by residence at birth, whereas for the analysis of 
mortality by residence at death the relative risk estimate was approximately 
1.0 (0 = 19, E = 18.6). The relative risk estimates for the "nearby" area 
around the facilities in E3mce Caunty were elevated by all three methods of 
analysis and were higher than for the county analyses. For the "nearby" 
area, the nwrrtality ratios were 2.5 (0 = 2, E = 0.8) and 3.5 (0 = 2, 
E = 0.6) for residence at death and birth respectively, M l e  the incidence 
ratio was 2.5 (0 = 4, E = 1.6). However, it must be aphasiZ8d again that 
the m i -  limits for all of the estimates of relative risk in the 
vicinity of nuclear power generating statims also e m a p s e d  1.0 so that, 
as in -the case of the uranium processing facilities, the results could be 
due to chance. 

In cunclusion, a ninefold excess risk of leukaemia, as observed in the 
vicinity of the Sellafield facility, was not observed a i m ~ ~ a g s t  children born 
tm mothers  residing in the areas araund nuclear research facilities and 
uranium mining, mill- and ref- facilities in Ontario. In the vicinity 
of nuclear research facilities, the rate of leukaemia was, in fact, less 
than expected. In the areas around the uranium mining, milling and refining 
facilities, leukaemia occurred slightly mre frequently than expected; 
however, due to anall frequencies these results may have arisen by chance. 
A slightly greater than erq?ected ocammce of leukaemia was also detected, 
Wch m q  well have been due to chance, in an explorabry study of the areas 
around nuclear power generating statims in Ontario. 

In order to irwxlease t h  precisim of the relative risk estimates detected 
inthisstudy, it i s r e c a r m e n d e d t h a t t h i s ~ b e e x p a d e d i n ~ t a r i o t o  
include children aged 5-14 years Wm were diagmsed with or died fmn 
leukaemia, and that the focus of the expand& study be residence at the time 
of birth. Such a study would be relatively simple to perform and could be 
canpleted in a short period of time. 
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De -r&centes etudes au Royaume-Uni ont riiviili! qu'il y avait plus de cas de 
leucemie infantile au voisinage des installations nucliiaires qui retraitent le 
combustible et qui fabriquent des armes. L1objectif principal de la presente 
6tude est de verifier s'il existe un nombre accru de cas de leuciimie chez les 
enfants nks de mkes demeurant B proximite d'installations nucleaires en 
Ontario. 

A partir du fichier des cas de cancer de llOntario (Ontario Cancer Registry), 
on a pu retrouver 795 enfants 2g&s de quatre ans et moins qui sont morts de 
leucemie entre 1950 et 1986, ainsi que 951 enfants chez qui on a diagnostique 
la leuciimie entre 1964 et 1985. On a pu ensuite retracer leur lieu de r6si- 
dence 5 la naissance 5 partir de leur certificat de baptGme, et leur lieu de 
residence au d6c&s B partir du fichier des cas de cancer de llOntario ou du 
certificat de deciis. On a analyse separement chacun des trois types g6neraux 
d'installations nucleaires (installations de recherche nucleaire; mines, 
usines de concentration et raffineries d'uranium; centrales 6lectronucl6aires) 
et deux differentes zones geographiques autour de chaque installation (comt8 
et region ((avoisinante)) dans un rayon de 25 km). On a estimk le risque relatif 
de chaque installation et de chaque zone gkographique come le ratio entre le 
nombre d'6venements observes (0) et le nombre d1Bv6nements prevus (E) pour 
chaque zone. Pour calculer les ratios de mortalit6 par lieu de residence au 
deciis, on a iitabli les valeurs prevues selon le nombre de dkciis prkvisibles 5 
partir des taux provinciaux pour une population donnee d'enfants 2g6s de 
quatre ans et moins. Pour calculer les ratios de mortalit6 et d'occurrence par 
lieu de residence 2 la naissance, on a 6tabli les valeurs prevues selon le 
nombre dqQv8nements pr6visibles pour un nombre donne d'enfants nes vivants. 

Le nombre observe d'enfants leucgmiques B proximite des installations de 
recherche nucleaire dans le comt6 de Renfrew s'est aver6 inferieur au nombre 
prhvu; les ratios de mortalit6 du comte Qtaient de 0,83 (0 = 9, E = 10,8) et 
de 0,77 (0 = 8, E = 10,4) pour les analyses selon les lieux de residence au 
deck et 5 la naissance respectivement. Les resultats des analyses de cas de 
leucemie selon le lieu de rksidence 5 la naissance sont semblables & ceux des 
analyses de mortalit6 selon le lieu de residence a la naissance. Dans la 
r6gion ((avoisinanten de l'installation de recherche de Chalk River, le niveau 
de risque relatif s'est aver6 encore plus faible; les ratios d'occurrence et 
de mortalit6 varient entre 0,31 (0 = 1, E = 3,2) et 0,37 (0 = 1, E = 2,7). Ces 
resultats demontrent que le risque neuf fois superieur qui avait et& observe 
dans 1'Btude britannique sur les cas de leuc6mie dans le voisinage de l'usine 
de retraitement B Sellafield (0 = 5, E = 0,53) n'a pas Bte observe pr&s de 
l'installation de recherche nucleaire de Chalk River. 

En general, la frequence des cas de leucemie infantile etait leggrement plus 
&levee que prevu B proximite des deux installations dlexploitation miniiire, de 
concentration ou de raffinage de l'uranium. Toutefois, on a observe diff6rents 
mod&les pour chacune des installations. Les estimations de risque relatif 
ktaient sup6rieures selon le lieu de residence 2 la naissance par rapport 
au lieu de residence au deciis priis de l'installation de Port Hope [soit 1,6 
[O = 7, E = 4,5) par rapport 5 1.4 (0 = 6, E = 4 , 3 )  respectivement], tandis 
que c'etait le contraire dans la region dlElliot Lake [soit 1,l (0 = 2, 
E = 1,8) par rapport B 1,8 [O = 3, E = 1,7)]. Dans la region ({avoisinanten de 
Port Hope, les estimations de risque relatif etaient legiirement sup6rieures 2 
celles du comtk [soit une occurrence de 1,7 (0 = 9, E = 5,2) par rapport 5 1,4 



(0 = 14, E = 9,8) respectivement], mais en giinGra1, les estimations pour la 
region  avois is in ante^ dlElliot Lake etaient inferieures aux valeurs 6tablies 
pour le comt& [soit une occurrence de 0,4 (0 = 1, E = 2,4) par rapport B 1,O 
(0 = 18, E = 17,s) respectivement] . Come les limites inferieures des inter- 
valles de fiabilite de toutes ces estimations comprenaient 1,0, il se peut que 
le degr6 de risque excessif qui a r5t6 decel6 soit dZ1 au hasard. 

Les cas de leuc6mie infantile B proximite des centrales ~lectronucl6aires 
etaient legerernent plus 6levGs que prevu. I1 y a foncihrement peu de diffe- 
rence entre les analyses pour le comte et la region ((avoisinante)) de l'instal- 
lation de Pickering, puisque les deux zones geographiques sont pratiquement 
identiques. Les estimations de risque relatif pour la region ((avoisinante)) 
etaient de 1,2 (0 = 50, E = 41,3) pour l'analyse d'occurrence et de 1,4 
(0 = 17, E = 12,4) pour l'analyse de mortalit6 selon le lieu de residence 
B la naissance, tandis que l'estimation de risque relatif pour l'analyse de 
mortalit6 selon le lieu de residence au d6ciis etait dlenviron 1,O (0 = 19, 
E = 18,6). Les estimations de risque relatif pour la region ({avoisinante)) des 
installations nucleaires dans le comte de Bruce etaient elevees selon les 
trois methodes d'analyse et etaient sup6rieures 2 celles des analyses pour le 
comte. Dans le cas de la region {(avoisinante)), les ratios de mortalit6 6taient 
de 2,s (0 = 2, E = 0,8) et de 3,5 (0 = 2, E = 0,6) selon le lieu de residence 
au dechs et B la naissance respectivement, tandis que le ratio d'incidence 
Btait de 2,s (0 = 4, E = 1,6). Toufefois, il faut souligner une fois de plus 
que les limites de fiabilit6 de toutes les estimations de risque relatif 5 
proximite des centrales ~lectronucl6aires comprenaient 1,O et que, come dans 
le cas des installations de traitement d'uranium, les rgsultats pourraient 
Citre attribuables au hasard. 

En conclusion, le risque excessif de leucemie neuf fois supkrieur qui a 6t6 
observe dans le voisinage de llinstallation nuclkaire de Sellafield nla pas 
6t6 observe chez les enfants nes de miires demeurant prBs des installations de 
recherche nuclkaire, ou des mines, usines de concentration et raffineries 
d'uranium de llOntario. PrGs des installations de recherche nuclkaire, les cas 
de leuchie observks htaient, en fait, moins nombreux que pr6vu. Aux alentours 
des mines, des usines de concentration et des raffineries d'uranium, les cas 
de leuchie etaient 16gGrement plus fr6quents que prkvu, mais, vu le nombre 
minime de cas qui a kt6 observe, il est possible que ces resultats soient dus 
au hasard. On a aussi dike16 un nombre de cas de leuchie IiigBrement plus 
eleve que prevu dans une etude exploratoire des regions entourant les 
centrales 6lectronucl~aires de l10ntario, mais ces rksultats pourraient 
trBs probablement aussi Gtre attribuables au hasard. 

Pour amiiliorer la prkision des estimations de risque relatif calculrSes 
dans la prgsente etude, les auteurs recomrnandent que 116tude soit 6tendue en 
Ontario 5 tous les enfants Sg6s de 5 2 14 ans qui sont morts de leuchie ou 
chez qui on a diagnostique la maladie, et que l'etude se concentre surtout sur 
la lieu de residence 5 la naissance. I1 serait relativement simple d'entre- 
prendre une telle Qtude et de llachever en peu de temps. 
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An elevated frequency of leukaemia in children living in Seascale, a village 
near the nuclear fuel mpmcessing plant in Sellafield an the w e s t  coast of 
Ehgland, was repmted in a televisian pmgram in 1983. This report 
generated in- interest and an hdepekht expiry was m e n  by the 
British GaverrmEYlt. The enquiry cmcluded that there was an excess of 
leukaemia in the Sellafield area, but that an the basis of c u m t  Wledge 
the radiation doses received by the papllation in the area cuuld not account 
for this excess. [Ref. 1,2] 

Subsequently, Gardner et al [Ref. 3,4] examined cancar mortality and 
incidenceintmgraupsof children: tbDsewhowereborntomotherswlm 
resided in Seascale and those who attended schml in Seascale but were m t  
born there. This study Oanfirmsd the excess msrtality from childhood 
leukaemia but it was noted that the excess risk was canfinsd to children wlm 
were born to mothers  residing in Seascale at the time of the child's birth. 
Five leukaemia deaths had occurmd amxlg this "birth oohort" of children wlm 
w e r e  barn between 1950 and 1983, resulting in a mxtality ratio of 9.4 
[observes (0) = 5, expected (E) = 0.53: 95% interval of 3.0 to 
21-81. No hcmased risk was detected far children w b  attended -1 in 
Seascale but were born elseubm (0 = 10, E = 12.7: mortality ratio of 0.8; 
95% confidence interval of 0.4 to 1.5). 

An association between leukaemia incidence in young people and residence 
near the other British reprocessing plant (Daunreay, in northern Scotland) 
has also been reported by Heasnan et al [Ref. 51 and discussed in detail in 
the seam3 GUWRE report. [Ref. 61 For the period 1968 to 1984 there wexe 
five leukaemia deaths in the 0-24 year age grcup, ccmpared to 1.5 expected 
for a martality ratio of 3.3. Howevar, the experience was not as 
cansistent aver time as that at Seascale. Thus, fmn 1968 to 1978 there 
were no leukaemia deaths (versus 1.1 -), W l e  fmn 1979 to 1984 
there were five leukaemia deaths versus 0.5 expect&. No study has yet been 
reported that focused cn the risk a m q  chilctmn wbse mothers resided in 
Daunreayatthetimeofbirth. 

O - b e r  studies in the United King&n (U.K.) have examha3 leukaemia rates 
arwnd nuclear weapans establishments as well as around nuclear power 
statims. In the study by Ranan et a1 [Ref. 71, an increased death rate 
fmn leukaemia was found in children aged 0-4 years in the vicinity of 
nuclear weapon research and manufacturing facilities at Aldemaskm and 
Burghfield (0 = 29, E = 14.4). 

A very detailed study of cancer incidenoe and mrtlity around nuclear 
installations has been conducted by the office of Population Census and 
Surveys in the U.K. This large study has been slnmarized by Forman et al. 
[Ref. 81 The increased of childhood leukaemia was &inned for 
the Sellafield area, lmt arollnd nuclear power stations leukaemia rates in 
the 0-24 age group were, in fact, slightly lower than a e d .  

The associatims that have been demnstrated in the U.K. be- childbod 
leukaemia and pxoximity b sane nuclear installatims are difficult to 
explain. On the me hand, the oansistency w i t h  Wch elevated rates have 
been found argues in favour of it being- than a set of chance findings. 

the other hand, evm at Sellafield, wfiare the errviranmental contamination 



than at any other site [Ref. 11, the lamwn radiaticm 
to explain the abncmnal leukaemia patterns. 
no obvious mason for the "birth cohort" effect seen 

at Seascale, but possible mechanims that have been proposed include (a) an 
in-utero mecbnisn, and (b) a hand-to-mouth pathway for dust in the first 
year or two of life (perhaps due to dust on parental clothing being brought 
into the home). [Ref. 61 

Canada has neither fuel reprocessing plants nor weapms research and 
manufacturing facilities. Howwer ,  it does have ttnr, research establiskments 
at Chalk River, Chtari.0, and Pinawa, Manitoba, wfiich are the only cries that 
could be considered similar to the reiplocessing facilities in the U.K. 
There are also potentially dusty ernrir0emen-b at uranium mines, mills and 
refineries in Chtario and ather parts of Canada. Finally, them are nuclear 
puwer stations in Ontario, Quebec and New Brunswick. 

The present study used a popllatim-based cdmrt approach within Ontario, 
the pmvince that has all three typas of Canadian nuclear activity: (1) 
research, (2) uranium mines, mills and refineries, and (3) power 
generation. Each of the three types of facilities w e r e  examhed 
separately. In the vicinity of the research facilities, leukaemia risk was 
a x a m i n e d i n . c a d e r t o t e s t f ~ t h e ~ 0 f 8 ~ ~ 0 f  themagnitude 
observed at Sellafield. The occmmme of childhood leukaemia was assessed 
in the areas around the uranium mining, milling and refining facilities as a 
pmliminary test of the hrVpothf3sis that radioactive dust was the expomre 
source, as pmpsed in the COElARE repart. [W. 63 In anexploratory 
analysis, the risk of childhood leukaenia was also examhed in the vicinity 
of the generating stations. The diagnosis of leukaemia and the 0-4 age 
graup were selected for initial study since these w e m  the diagnosis and age 
graup w i t h  the hi* mcfftality ratio6 in the British studies. 

The study exambed the ocameme of leukaenia in subjects * died fmn the 
aFsease(m0rrtality)andthDsewhowerediagmsedwiththedisease 
(incidence) . Incidence was emplayed in the Sellafield study only fxun 1971, 
al- the facility began operation in 1950. [Ref. 3,4] A n  advantage of 
using incidence rather than mortality as a study outcune, as has been 
previously recognized [Ref. 71, is that if &ances in treatment occurmd 
during the study period then mortality would becane a less sensitive 
outcam, whereas incidence would be unaffected. On the other hand, an 
advantage of sixdyhg mortality is the availability of data for a longer 
period of time. 

The general objective of this study was to investigate whether or not there 
exist clusters of leukaemia ammg children born to mothers  resident in the 
vicinity of nuclear facilities in Ontario. The specific objectives of the 
study were to determine (a) whether or not there have been elevated 
frequencies of leukaemia in children w b  were born to mothers  residing in 
the vicinity of nuclear facilities in Ontario, and (b) whether frequencies 
have been greater by residence at time of birth than by residence at time of 
death. In each case, the observed nuther of leukaemia deaths and incident 
leukaemiacaseswerecarparedwiththsnrrmbersthatwere-onthe 
basis of pmvincial rates. Analyses of the occurrence of childhood 
leukaeinia were perfom& for three cmpcnents of the study: first, ararnd 
the research facilities at Chalk River (primary hypothesis): second, 



the Port H o p  uranium refinery and the E l l i o t  Lake uranium mining and 
milling facility (seccndary -is); and third, around the power 
generating &ti- a t  Picker- and in Bcuce Caunty (exploratory 
investigatian ) . 

The frequencies of leukaemia deaths and incident cases amng children aged 
0-4 years w e m  obtahed fmn the QItario Cancer Registry (OCR). The OCR, 
w h i c h  is aperated by Ontario Cancer Treatment and Research Foundation, 
is described in detail in Pgpendix A. Wherever possible, residences of the 
mother  a t  the time of birth and of the child a t  time of death were 
determined. The OCR does not have canplete information un residence a t  t i m e  
of d imis .  The numbers of subjects residing a t  birth or death in each of 
the areas of interest were also determinsd. Analyses were performed a t  the 
ooun* level and for the areas w i t h i n  a 25 km radius arwnd each of the five 
nuclear facilities. The period of observatian cammced in the year each 
nuclear facility began operatian, unless leukaemia data were unavailable. 
In this case, the period of observattim began when leukaemia data became 
available and continued to 1986 for the mcfftality analyses and 1985 for the 
incidence analyses. Ratios of the observed number of deaths and incident 
casesover theexpec td~ware thenca lcu la ted inorder tode tec t the  
pmsmce of above average frequency of leukaemia. Details of subject 
selection, recard linkage, data collectiun and statistical methods are 
sumnarized. 

1. Subject Selection and Data Oollectim 

Using the OCR, recclrds ware located for 870 children aged 0-4 years wb 
resided in  Ontario and wb died of leukaemia beheen 1950 and 1986. 
Similarily, the OCX was used to identify children aged 0-4 yeaxs w b  resided 
in Ontario and w h  were first d i m  as having leukaemia between 1964 and 
1985, as incidence data fmn the OC% are coly available fmn 1964. Children 
aged 0-4 years, inclusive, who died w i t h  leukaemia as a certified cause of 
death be- 1964 and 1985 ware included in both the mortality and 
incidence studies. 

The criteria for inclu~im in the s t d y  were: leukaemia (International 
Classif ication of Diseases, Ninth Revision ( 1a)-9 ) , 204-208 ) [Ref. 91 
registered in Ontario fmn 1950 to 1986 for deaths, and 1964 to 1985 for 
incident cases; 0-4 years of age a t  the time of death or diagnasis; resident 
in Qltario a t  the time of death or diagnosis; and a match of OCR infomation 
w i t h  birth certificate data. The final criterim was necessary in order to 
identify residence a t  the time of birth of the child as listed on the birth 
certificate. A definite match of OCR and birth records was defined as 
cunplete ageemnt of fu l l  name (as available in W OCR), ful l  date of 
birth and sex. For subjects w i t h  insufficient identifying information in 
the OCR, origindl records, such as death certificates and hospital charts, 
were searched for oamplete informatim. 

To perform the birth certificate linkage, data collection form were developed 
and preprinted w i t h  identifying information frun the database of the OCR. 
With the permissim of the Registrar General of mtario, birth certificates of 
the children were located and details of residence a t  time of birth were 
obtained. To tkmmstrate the nature of the data and the way they were 
abstracted, copies of birth and death certificates are attached as Appendh B, 
and copies of the data collectim form are attached as C. 



Table 1 lists the number of subjects w b  were initially identified for the 
mortality analysis (n = 870) and the runnber w b  met the selectim criteria 
to be included in  the study (n = 795). Two children, both of lived 
outside the counties of interest, were classified as "probable" matches 
because of incmsistencies betwwn OCR and birth certificate information, 
These children were defined as "probable" matches because the order of given 
names differed in the OCR and on the birth oertificates, and since they died 
outside Ontario, death certificates could not be used for verification. 

The following 62 children were excluded frcm the analysis by residence a t  
time of birth based an additicmal infomation: 48 children born outside 
Qltario; 10 a&pted children for w b m  identifying information mgaxdhg the 
birth parents was deleted frun the birth certificates; me case for whan 
leukaemia as a cause of death cauld mt be mnfimed; one child born in  
Ontario for rJhan the mother's place of residence was outside Qntario; one 
child w i t h  a duplicate death registratim; and me subject w i t h  an incorrect 
date of birth- the actual age was greater thanfouryears. 

Thirteen subjects were excluded for T&XI records were mt linked: for seven 
subjects birth certificates cauld not be faund (there is some evidence that 
two of these born outside Ontario); for six subjects the OCR contained 
inadequate identifying informatiion (missing name and date of birth, invalid 
death certificate number). The zpop~rtim of records that was successfully 
linked in the mortality study was therefore 99% (857/870). 

The mmiber of subjects initially identified for (n = 1181) and finally 
included in (n = 951) the incidmce analyses are listed in Table 2. More 
difficulty was experienced in locating the birth certificates of children in 
the incidence study than in the m o r t a l i t y  study because death certificates 
could mt be used as an additimal source of informatiion for subjects w b  
did not die. Identifying informati061 was imaplete  in the OCR for mrmy 
cases because of the practice, duriq the early years of registration, of 
truncating nanes and entering incunplete dates of birth. Amng the subjects 
P h 6 e  records were linked, 203 were 8xclUdf3d from the study. Records were 
rvot linked for 27, or 2% (27/1181), of incident cases because a l l  efforts to 
identify birth records failed. (There is sane evidence that six of these 
were born outside Ontario). 

The primary reasopl for excluding subjects was unc=ertainty rega3aZ-g the 
diagnasis of leukaenia. It M d  be lloted that the OCX zp.eviously detected 
over-reporting of childhood cancer and that the problem had been corrected 
for the period beg- in 1975. [Ref. 101 In 89 children it was cmfirmed 
that the diagmsis was definitely not leukada, and in a further 12 their 
diagnosis could not be cmfi.rmsd (xme of these 12 resided in the counties 
of interest). To anfirm the leukaemia diagmses it was necessary to review 
hospital charts. 

Incidence data are available in  the OCR frun 1964; therefore, leukaemia 
incidence mt be studied for the whole period of aperation for a l l  of the 
nuclear facilities. Mortality, on the otber hand is available in the OCR 
back to 1950. To ensure that the study outcanes were both sensitive (eager 
to changes in Survival) and available for the relwant time period, both 
mrtality and incidence were  .therefore employed. It mst be mted, however, 
that the two outcomes are not independent, since children w b  died with 
leukaemia could be included in both the mrtality and incidence analyses. 
Of the 753 incident childhood leukaemia cases (1964-1980) who reached five 
years of age by 1985, 349 died (46%) and were therefore included in both the 
m i t y  and incidence analyses. 



The disrbcitxltim of the type of leukaemia in the 795 children included in 
the mortality analysis is listed in Table 3. For all leukaemia cases in 
Ontario, the majority were classified as ICD-9 site 208 (unspecified cell 
type), followed by ICD-9 site 204 (l-id leukaemia) . In the -ties of 
interest, the distribution by cell type of leukamia was similar to the 
provincial total. 

Residence at the time of the child's birth was assigned the Standard 
Geographic Cods (1981 revision). [Ref. 111 In additim, resideme at the 
time of death was availdble fran the OCR for the subjects died of 
leukaemia. Details of the residence coding Ipocedures and hclw subjects were 
allocated to the areas of interest are described in A3?pendix D. 

2. Coslnty and Ccmnunity Level Data 

Two levels of geographic areas were used in this study: counties and 
"nearby" areas that arB w i t h i n  the counti8~. "county" is used in this 
report to refer to census divisions, of which one is row a "mgimal 
municipality" (Durham) and me is a "district" (Algana). 'RE? counties of 
interest are described in Table 4 in terms of their nuclear facilities and 
papulatims. The differences in the starting dates of aperation, the type 
of facility, and the papulatim in each cwn* should be noted. As shown in 
Table 4, tclJo nuclear power facilities have operated in Bruce County; first 
the Dmglas Point statim and later the Bruce Nuclear Power Developnent 
statim. The t e r m  "Dcuglas mint'' in the reMFnder of this report refers to 
the locatim of both these installatims. 

"Nearby" areas were defined by census subdivisians (i.e., frun tamship up 
to city) w i t h i n  25 km of nuclear facilities. Maps of the five counties of 
interest are presented in Appendix E. Bath rural and u r t m  areas w e r e  
included in the definitim of the "nearby" area. As s h m  on the map of 
Rmfrew County, the areas w i t h i n  25 km of the Chalk River facility, which 
was the subject of the pairnary -is of this study, overla]PPBd 
c~~clsidsrably w i t h  the 25 km circle arwnd Rolphtan. The Rolphtan facility 
was a mall exp&mental reectcr for power generation that was in aperation 
fmn 1962 to 1988. Separate analyses wuld not be performed for the 
Rolphtm facility because, in additicn to the uverlapping boundaries, the 
area had a vexy snall pogulatim, and a single work-force aperated both the 
Chalk River and Rolphtm facilities. Therefare, in addition to the analyses 
of the "nearby" Chalk River area, a secadaq analysis was performed an a 
pooled area within 25 km of either facility. In isolated locatio~ls in 
Algana, Bruce and Renfrew counties, analyses were also performed on 
"exterded neafby" areas that included the %earby" areas and COmrtllnities in 
mch mrkers at the facilities may have lived. (See ?qpndh F for 
detailed definition. ) 

The use of a 25 km radius as ths focus of the "nearby" analysis in this 
study was necessitated by the l w  population densities close to most 
facilities. The -lest geostatistical unit for wfiich vital statistics and 
census data a m  reported is the census subdivision, w h i c h  is relatively 
large in area. As shan on the maps (Appendix E), the 25 km radius around 
each of the facilities was close to the bolndary of the census subdivision 
in M c h  the facility was located. ?Ire use of a shorter radius, as had been 
used in the U.K., was therefore happmpriate for Ontario. The effect of 
employing a l q e r  radius was apiLpnximated by the county level analysis. 

The population of chil- aged 0-4 years was determined for each area fran 
census publicatio~ls [Ref. 123 and was used to estimate the annual paplatian 



for p~~sicensal periods. Annual live birth totals were obtained f m  
published vital statistics for the shave 00unties fmn 1949 to 1986. 
[Ref. 131 In addition, annual birth totals were dstahd for " m "  
cumnmities, using plblished data where possible. To dmmsbate the 
magnitude and variatim of the live births for the -ts of the 
"nearby" areas of interest, the annual birth totals are listed in 
Appendix G, Tables G 1  to G5. 

Unfortunately, live birth totals were not available in sane years for 
cumnmities that fell within ~8~~31:al "neaxby" areas. For example, in 
Renfm m t y  data were unavailable for sweral cumumities (e.g., Deep 

- River 'Ibwn, Chalk River Village from 1954 until 1961) and for m a l  
tawnships (e.g., Petmawar Penbrdrs frcm 1949 until 1973). 'Ihe9e missing 
data were important because the nuclear facilities in Renfrew w w  were 
opened in 1944 and 1962. Similar prrdblenrs occumed in all counties: 
huwwer, where the facilities cpened later, the prd>len was not as severe. 

There were two reasons data were unavailable for many of the theties 
that fell w i t h i n  cur "nearby" areas. First, these exmumities (e.g., 
tcrwnships, villages) had snall ppulaticms and therefore they were not 
catsistently included as a unit for w h i c h  vital statistics were reported and 
were classified as "cmnty-other" . Seand, the boundaries for several of 
these mmunities have changed ovar time, so that the eranneraticm of live 
births has also req.sired a careful rwiew of the histcrical developnent of 
snall Ontario cumnmities during the past three decades. Details of the 
~ c h a n g e s a m ~ t 0 d i n A p p e n d i x F .  

There were three strategies that could be followed in order to obtain the 
unavailable live birth frequencies by maternal residence for these -11 
cmmumities. First, the actual rnmber of live births by maternal residence 
oauld hwe been drtained for each of the cumnmities w i t h  missing data by 
reviewhg every certificate for live births classified by maternal residence 
in "cmnty-at31ert'. This was not feasible because it wmld require 
classifying potantially tlmusands of birth certificates wer the 33 years of 
this study. Secmd, m l y  data that were available fmn published sources 
ccnrld have been used, but this would have allowed the analyses to be 
perfoxmed for all "nearby" areas only fmn 1974. Third, the n .  of live 
births in each census subdivision with missing data could be estimated by 
multiplying the of births in "county-other" areas by the best 
available estimate of the population in the census Subdivisim. In this 
report, the third aption has been chosen. Details of this estimation 
Fo.ocecbnrJ am given in Appe&h G and the magnitude of any potential bias is 
examhed in Sec t im5 .  

3. Estimation of Relative Risk 

The mortality ratio is the ratio of an observed number of deaths to the 
numberthatwouldb expctdtcoccur i n a n  areaof interest. The expected 
numbers were multiples of the pcpulatim of children aged 0-4 years in the 
amas of interest and the leukaemia mortality rate in Ontario children aged 
0-4 years (over the sane time period). No a d j m t  was made for age or 
sex because of the snall age range and because rn sex differential has 
previously been detected. [Ref. 3,4] Due to the mall frequencies of 
events, time trends could rmt be analyzed, therefore, relative risks were 
estimated m l y  for the vble period of observation. 



Approximate 95% amfidmce intervals were obtained using Byar's method. 
[Ref. 141 The cmventimal level of alpha = 0.05 was chosan for the 
confidence intervals to COBlfmn with sta;ndard practice. It slmuld be noted, 
h m m r ,  that the existence of the prior -is of immased risk in the 
vicinity of nuclear facilities calls far the use of a one-tailed, rather than 
a two-tailed, test of statistical significance. For this mascn, 90% 
confidence intervals are also reposted whare.appmpriate (e.g., for the areas 
of the primary and secmdaq  -). 

The lower baund of a 95% COBlfi- in- around a relative risk estimate 
t h a t i s g r e a ~ ~ 1 . 0 c a n b e u s e d t o a s s e s s ~ t h e r ~ o b s e r v e d e x c e s s  
risk is greater than that which is due to chame. If such a cmfidence 
interval includes a value of 1.0, then it naust be amcluded that the 
detected difference between observed and e x p c t d  rnnnbers of events may be 
due to charme. A final feature of ccnfidence intervals is that their w i d t h  
prwides an indication of the precision of an estimate. A large relative 
risk w i t h  a wide canfidmce interviil is based on a mall nunber of expxted 
events and sharld therefore be interpreted w i t h  caution. 

The U.K. studies [Ref. 3,4] taemop.lstrated that residence at time of birth may 
be more important than residence at tims of death; therefore, live birth 
mortality ratios were calculated, and are presented as the main analytic 
aplproach in this report. Tkae live birth mortality ratio is the ratio of the 
observedmmiberof deathstothermiberthatwouldbeexpectedtooccurin 
an area w i t h  as many live births, tabulated by year of birth and by the 
residence at the time of ths child's birth. The expect& value was a 
multiple of ttae pruvincial rate of leukaemia deaths per number of live 
birthsandtbemmbrof livebirthsintheareaunderstudyaverthesame 
time period. This mortality ratio is a valid estimate of relative risk 
under the aSSunqptim that the rate of migration out of the prwince is equal 
for the areas of interest and for the Ontario population (Lee, for 
leukaemia to be detectable by the OCR). Again, because of the mall age 
range and the absence of a sex effect, it was not necessary to adjust this 
measure for age or sex. intervals were calculated using the same 
method as for the mortality ratio. 

Pooled estimates of relative risk were calculated for facilities of similar 
type. Due to the diversity in the nature of the three general Q p s  of 
facilities, each of which would result in different potential expormres, it 
is not appropriate to pool the results acrass all facility typas. For the 
seccndary -is of this shady (regarding M), the results for the 
areas near the Port Hape and Elliot Lake facilities were pooled, and for the 
exploratory study of pcwer stations, results w e x e  pooled for the areas near 
Pickering and w l a s  point. Such poolixq of results is valid under the 
assmptioin that each cmgmmt of a pooled estimate is a measure of the same 
pknmmn. [Ref. 151 Lhder this hanogeneity aSSllmptim, it must  be as- 
that the two  nuclear gvating staticms, for example, give rise to a 
similar type and degree of exposum. The homogeneity assumption was tested 
statistically using the narmal m t i c m ,  and results were pooled only 
if the aSSumptim could not be mjected. 

For leukagnia incidence, the same analysis was used for birth residence 
incidence ratios, confidence intervals, and area and the-specific values. 
A ccmplimntary analysis by residence at time of d i m i s  could not be 
performed due to incunplete residence information in the OCR. Leukamia 
mortality and incidence data and the live birth frequencies for each area 
wereenteredintoanIBM-PC. All analyseswlereperformedusiq 
[Ref. 16,171 



For each area of interest, the observed and e x p e c b d  number of events, the 
ratio of the obsarved over expcted (O/E) and the 95% confidence intemals 
of O/E are listed in Tables 5 to 9. The results are pmsented, first for 
the area that was the subject of the primary -thesis of this study (Chalk 
River), seccrvl for the facilities of the secondary hypothesis (Port Hope and 
Elliot Lake), and third for the facilities of the exploratory hypothesis 
( Pickering and Douglas Point ) . 
In Table 5 results are presented for Renfrew Caunty in the area "nearby" the 
chalk River facility. In the mrtality analyses that allocated subjects 
according to their residence at time of death, the resultant mortality 
ratios ranged fran 0.3 (0 = 1, E = 3.1) to 0.8 (0 = 9, E = 10.8), w h i c h  
indicated that the risk in each area of interest was slightly lower than 
errpected. However, i t sku ldbemted tha tave r the36yea r so f  
observation, mly one death occurred in the "nearby" area, whereas 3.1 were 
expect&. By al1ocati.g subjects acaxdiq to their residence at time of 
birth the mrtality ratios rqed fran 0.37 (0 = 1, E = 2.7) to 0.77 (0 = 8, 
E = 10.4). T b  analysis of incidence by residence at time of birth resulted 
in ratios that viere slightly lower than in the mrtality analysis. All of 
the confidence intervals in Table 5 enmnpass 1.0, therefore the differences 
between obsemed and expected may be due to chance. 

In seccadary analyses (not shown in Table 5) of the "extended nearby" area, 
relative risk estimates fell between the cuunmty and "nearby" values, w i t h  
mrtality ratios of 0.81 (0 = 4, E = 5.0) and 0.63 (0 = 3, E = 4.8) for 
residence at death and birth mspectively, and an incidence ratio of 0.55 
(0 = 3, E = 5.4). Finally, for the pooled area w i t h i n  25 km of either Chalk 
River or Rolphtzn, the relative risk estimates were unchanged. This 
occurred because the sparsely populated area w i t h i n  25 km of Rolphtan 
antributed mthing to the number obsemmd and ccmtributed minimally to the 
number expechd in the "nearbyw Chalk River area. For example, the w t e d  

of incident cases for the area "neartry' Chalk River was 3.24, -as 
the expecbd for the pooled area "nearby" Chalk River or Rolphtm was 
3.28. 

The results listed in each row of Table 5 are not fmn independent analyses, 
as emphasized by the fact that 15 individual children w e r e  the source of all 
the obsemed events listed in the table. Details of the arerlapping subject 
inclusion for the different metbods of analysis are presented in IIppendix H. 

Tables 6 and 7 pmsent results for the areas that contain the two facilities 
that may produce radioactive dust. In Narthumberland County and kearky" 
the Port Hope facility (Table 6). ratios at the oounty level ranged fmn 
0.97 (0 = 9, E = 9.3) tn 1.49 (0 = 12, E = 8.1), whereas the levels observed 
in the "nearby" area wem slightly higher, but not statistically 
significant. For the "nearbytf area, the mrtality ratio for residence at 
tim of death was appmxhately 1.4 (0 = 6, E = 4.3), whereas slightly 
higher values were obtainsd for residence at time of birth (1.6: 0 = 7, 
E = 4.5) and in the incidence analysis (1.7: 0 = 9, E = 5.2). Again, as 
skwn by the inclusion of 1.0 in the canfidence intervals, the ohserved 
elwation in risk could be due to chance alone. 

Leukaemia risks in Algana District and in the "nearby" area around the 
Elliot Lake uranium mines and mills are examined in Table 7. The ratio 
values ranged fmn 0.41 (0 = 1, E = 2.4) for the "nearby" incidence ratio, 



to 1.79 (0 = 3, E = 1.7) for the "marby" mortality ratio by midence at 
death, and had confideme intervals that again indi.cated that the values 

not statistically significant. Far analyses of the "extended nearby" 
area (not sbcrwn in Table 7 ) ,  the relative risk estimates did not fall 
consistently between the county tad "marby" values, w i t h  Imrtality ratios 
of 1.42 (0 = 3, E = 2.1) and 0.86 (0 = 2, E = 2.3) for residmce at death 
and birth, respectively, and an incidence ratio of 0.64 (0 = 2, E = 3.1). 

Tables 8 and 9 present results of the analyses in which the risk araund 
nuclear pmer generating stations was explored. In Table 8, the period of 
observation for both the mortality and incidence analyses begins in 1971, 
since this was the year the Pickesing nuclear p w e r  facility began 
aperation. The high frequencies for this analysis, even over a relatively 
short period of time, a .  an indication that a large papulation resides in 
the area. The relative risk was inrrreased to a similar extent in the 
analyses by residence at birth for both incidence and mortality with values 
ranging fran 1.21 (0 = 50, E = 41.3) to 1.37 (0 = 17, E = 12.4) for the 
"nearby" areas. However, even w i t h  the large frequencies, these results are 
not statistically significant altbugh the cmfidence limits are relatively 
nancaw. 

In Bruce Oarnty (Table 9), and "nearby" the power generating Statims, even 
higher ratio values were obsarved, ranging frun 0.89 (0 = 2, E = 2.3) for 
the oounty level mortality ratio by residence at death: to 3.49 (0 = 2, 
E = 0.6) for the "nearby" mrblity ratio by residence at birth. The 
magnitude of the ratios in the "nearby" areas, which range fmn 2.46 (0 = 2, 
E = 0.8) to 3.49 (0 = 2, E = 0.6) is noteworthy, h m v e r  the instability of 
these values as represented by the wide cmficbxx intervals must also be 
noted. The width of the Oanfidence intervals, in turn, are clue to the mall 
manber of expect& cases (e.g., 0.6 to 1.6 for "nearby" areas) over the 19 
years of dbservatim. The analysis of the "extended nearby" area for the 
facilities in BNce oounrty resulted in ratios that fell between the county 
and "matby" values (Le., as in Table 5), with rnartality ratios of 1.64 
(0 = 2, E = 1.2) and 2.30 (0 = 2, E = 0.9) for residence at death and birth 
respectively, and an incidenw=e ratio of 2.02 (0 = 5, E = 2.5). 

1. Risk in the Vicinity of Nuclear Research Facilities 

The ocmneme of leukaemia in the area surrollnding the Chalk River and 
Rolphbn facilities was lowar than argrected for each area of analysis and 
for each style of analysis. The ratio of obsemed over expeckd obtained by 
the traditimal method of classifying events acoording to their residence at 
the time of death resulted in mrtality ratios of 0.8 (0 = 9, E = 10.8) for 
the county analysis and 0.3 (0 = 1, E = 3.1) for the area "nearby" Chalk 
River. By classifying observed and expect& rnrmbars of deaths by time and 
residence at time of birth, the mortality ratios were virtually unchanged 
far both the oounty and "nearby" area analyses. By then focusing on 
incidence by residence at time of birth, estimates of relative risk w e r e  
similar. These data suggest that, for the primary -is of this study, 

was no increased omummce of leukaemia in the vicinity of the 
nuclear research facilities in RenErew Caunty. The observed relative risk 
in the birth a&mA at Sellafield was 9.4 (0 = 5, E = 0.53), Wch is much 
larger than that 0- in this study. The 90% cunfidence interval, which 
is relevant when a prior tryPothesis exists, was (0.01, 1.76) for the 
analysis of mwtality by residence at birth for the "nearby" area, as 



carrpared with the slightly wider 9% interval of (0.005, 2.07). Also, no 
systematic change was obsarved in the estimates obtained using mortality or 
incidence, or death versus birth residence. In this analysis, the relative 
risk observed in the "nearby" areas was actually less than at the county 
level. 

The gradient of effect in relatianship to distance and time is ane of the 
most important features of the British evidexx for an association between 
nuclear facilities and childhood leukaemia. Such a gradient was not 
observedinthisstudy. First, theratiaofobservedtaexpecbdinthe 
"nearby" area was mt greater than in the larger county area. However, it 
must  be noted that in Ontario it was inpossible to apply radii as sbrt as 
were used in tbe U.K. studies (e-g., m t e l y  10 km). [Ref. 7,8] 
Second, the ratio by residence at time of birth was not greater than 
residence at time of death. It should be ncrted, howevar, that cnly a slight 
differential wuld be ercpected between subjects classified by birth versus 
death residence since this study followed subjects far cnly five years, over 
which time a relatively mall number would be likely to nwe. In 
H, a large -on of children is shmn to have been included in the 
mortality analysis by both place of birth and death. In the studies by 
Gan3ner et a1 [Ref. 3,4] the period of follow-up was 30 years. 

2. Risk in the Vicinity of Uranium m, Milling and Refining Facilities 
In the rrratality analysis of Norbumberland Caunty, the ratios of ohsenred 
to -were higher for the residence at time of birth analysis than for 
the r e s i m  at tim of death analysis [1.5 (0 = 12, E = 8.1) versus 1.0 
(0 = 9, E = 9.3) respectively] . The mrtality ratios wexe slightly higher 
in the "marby" area analysis. T b  estimates obtained in the incidence 
analysis far resideme at time of birth were similar to the birth residence 
analysis of mrtality. The estimates were greater in the "nearby" areas 
than in the counties for each method of analysis. In Algoma District, w h i c h  
cmtains the Elliot Lake uranium mine, slightly different patterns were 
okserved. In general, the estimates m 1- than in No-land 
County. Also, in cmtrast to Northumberland, in Algma the estimates were 
hi- by residence at time of death than by residence at time of birth 
[e.g., "w" mrtality ratioe of 1.8 (0 = 3, E = 1.7) and 1.1 (0 = 2, 
E = 1.8) for residence at death and birth respectively]. The residence at 
time of birth analysis, both for mmtality and incidence, indicated minimal 
haeases or even lower levels -than expect& in each of the areas. The 90% 
COBlfidence intervals for the analyses of mortality by place of birth for the 
areas "nearby" the Fort  Hope and Elliot Lake facilities were (0.74, 2.95) 
and (0.19, 3.50), respectively, as canpared to 95% intervals of (0.63, 3.23) 
and (0.12, 4.02). A pooled estimate far the area "nearby" either of the two 
facilities was 1.43 (0 = 9, E = 6.3) for the motality analysis by residence 
at time of birth. 

Statistical significance was m t  achieved in the analyses of Northmberland 
and Algana counties, but it should be mted that several of the estimates 
were based an the observation of a mall number of events (<  5) over a long 
period of time. Therefore, in the areas s u m m d h g  the uranium mining, 
milling and refining facilities, there is sane evidence of an increased 
leukaemia risk, particularly in Northumberland Coun*. However the observed 
excess could be due to chance. F u r l k r  research is themfare needed to test 
the dust hypothesis that was generated by the British studies. 



3. Risk in the Vicinity of Nuclear Geglsratiq Stations 

In Durham Regional Municipality and in the area "nearby" the Pickering 
Nuclear Generating Station, the observsd leukaemia mortality rates w e m  
similar to the expectd for both the ccnmty and "nearby1' areas (i.e., 
mrtal i ty ratio of 1.0). In the analysis of mortality by residence a t  time 
of birth, slightly him estimates of relative risk ware obtained, w i t h  a 
value of 1.4 (0 = 17, E = 12.4) i n  the "nearby" area. Slightly luwer values 
were observed i n  the analysis of incidence for the birth COhDrts (e.g., for 
"nearby1' O/E = 1.2: 0 = 50, E = 41.3). Because the majority of the 
population in Durham Regional Municipality reside within 25 km of the 
Pickering facility, the results of the wunty and "nearby1' areas were 
virtually identical. The relative risk estimates obtained for Bruce County 
were higher than for Durhm Regional Municipality, w i t h  values that ranged 
f m  0.9 (0 = 2, E = 2.3) to 3.5 (0 = 2, E = 0.6). It must be noted that for 
both the Bruce County and ''nearby" area analyses, the estimates were based on 
a very small number of events (<  5), and an ewn smaller number of expected 
events, which is indicated by the width of the confidence intervals. A 
pooled estimate for the "nearby" area amund either of the generating 
stations was 1.46 (0 = 19, E = 13) for the mortality analysis by residence a t  
time of birth. In general, these results of the exploratory studies of 
leukaemia risk arumd nuclear power generating stations are suggestive of a 
slight haeased relative risk that may w e l l  be due to chance. Additional 
research is necessary to examine this further. 

4. The Power to Detect Significant Increases in Risk 

The ability of this study to detect significant excesses of risk w a s  
determinsd by calculating power. [Ref. 141 The study had sufficiant power ( > 
80%) tn detect excess risk of the magnitude observed in the Sellafield study 
(O/E = 9.4) [Ref. 41 in all areas. A s  w e l l ,  risks of the magnitude observed 
in the Daaneay skdy ( O D  = 3.3) [Ref. 51 carld be detected w i t h  greater 
than 80% pawer i f  2.4 ar mne events were e x p e c t d  (i.e., all areas except 
"nearby" E l l i o t  Lake and Douglas Paint). In an effort to enhance the power 
of the study, pooled estimates of relative risk were obtained for the sites 
with similar For the uranium mining, milling and refining 
facilities (Port Hope, Elliot Lake), the power to detect the pooled estimate 
of O/E = 1.43 (0 = 9, E = 6.3) as being significantly different f m  1.0, was 
still less than 38%. Fca the two generating stations (Pickering, Douglas 
mint),  the pooled ralative risk estimate of 1-46 (0 = 19, E = 13) w a s  
associatedwithiess than608power. Inthepooledanalyses, more than 2.4 
deaths were observed; hcrwlever, the relative risk estimates were all less than 
3.3. Themfare, a1thug-h this study was large enow$ to detect excess risks 
of the magni- obseaved in the BritiGh studies, it was unable to 
discriminate beheen a true relative risk of 1.4 and a &axe observation. 

A related approach for interpreting study results when there is a prior 
hypothesis of elevated risk, is to test whether or not the two relative r i sk  
estimates are equal. The method described by Ederer and Mantel, Wch 
assumes that the ratio of two Poissm variables folluws the binunial 
distribution [Ref . 181, was used to test whether the relative risks obsemed 
in  Chtario equalled tbse  fran the British studies. For the analysis of 
mortality by residence a t  birth, p values for the tests of equality with the 
Sellafield relative risks were 0.0006 for "neartry" Chalk River, 0.003 for the 
pooled areas "nearby1' dus t  g w a t i n g  facilities, and 0.011 for the p l e d  
areas "nearby1' pmer staticns. These p values indicate that for each area 
the -is of the equality of relative risks can be rejected. Tests of 



equality w i t h  ths Dounmay figures (O/E = 3.3) gave rise to p values of 
0.002 for "nearby" Chalk River, 0.11 for the pooled area "m" dust 
generating facilities, and 0.21 for the pooled areas "Ihearby" power 
staticns. These figures demnstrate that a relative risk of the magnitude 
6bsenM in ths Dammay study did rrat occur in the vicinity of the Chalk 
River facility, wbmas such a relative risk cannot be ruled out in  the 
vicinity of .We uranium mining, milling and refining facilities and the 
nuclear power stations. 

5. Potential B i a s e s  

5.1 Urban-Rural Differences i n  Leukaemia Risk 

Urban-rural differences in childhood leukaemia rates have bean damnstrated 
in sane but not all paxxdaus studies. ReSideaEe in an urban area was smwn 
to be associated w i t h  risk in a study of nuclear facilities in the 
U.K. as leukaemia martdlity rates were greater than expected in rural areas 
[sbndardized nrwtality ratio (SPR) = IS?], but equal tn eqpctd in urban 
areas (sm = 1.0). [Ref. 191 Ths ~anish Cancer Reg i s t r y ,  bwever, failed to 
detect an urban-rural differential in leukaemia risk. 

An urban-rural differential miry be hp r t an t  in this study because a snall 
praportian of the ppulatims in sum of the counties of interest live in 
urban areas. Algana, Durham and -land counties have large 
urbanized populations (75-80%), which are similar to the pravincial total 
(82%). [Ref. 121 Renfrew Caunty has a snaller urban populatitn (57%), 

Bruce county is largely ~ a l  w i t h  an urban population of only 42%. 
It was expect& that i f  leukaemia rates were higher in urban areas, the 
inclusim of a l aye  urban area like Metropolitan -to would cause an 
over-estimatim of the expecbd values far ~ a l  areas, and therefore an 
under-estimatim of the relative risk. A n  exploratory analysis was 
performed to assess the impact of a poesible urban-rural differential in 
ridr, by -1uding Metmplitan Taronto (accept %arbam@) from the 
calculation of b t h  the m a t a r s  and denmdnatars of the relative risk 
estimates. The impact of Ws adjustment was that the county level =lathe 
risk e s b m t e s  for roatality varied by at  xmst 3.0%. Therefore, such a 
b i a s e d e s t i m a t e i s n o t l i k e l y t o h a v e o c a a r e d i n t h i s ~ .  

5.2 The Effect cn M r b l i t y  Analysis of Case Exclusions due to Birth 
Outside Ontario and Missina Birth R e c o r d s  

The analyses of mrtality were performed on the 795 children for whan 
residence informatim was available at  the time of both death and birth. 
There were 66 children for than residence at  the time of birth was either 
missing or outside Ontario but w b  had canplete residence information at the 
time of death. A s  shcrwn in Table 1, there wlere 48 W were born outside 
Ontario, 10 who were adopted, serven for rdnn birth reoords cuuld not be 
found and me mther's residence was outside Ontario, These 66 
Children, two of resided in the counties of interest, were added to the 
original 795 children included in the study and the analysis of mortality by 
place of death was repeated to detemba whether their initial exclusion had 
biased the results. %i~ additirn of the 66 children caused the expected 
number of deaths to haease  in each county. The county level relative risk 
estimates were therefore slightly reduced for the counties in w h i c h  no 
change occurred in the number observed (e.g., 0.89 i n  Northumberland; 1.14 
in  Algana; 0-82 in Bruce). The additimal death that was observed in each 
of bm counties resulted in only slight in the results. For Renfre~ 



&unty the mortality ratio rose to 0.85 fmn 0.83 (90% C I  = 0.46 to 1-45), 
whereas for Durham Regional Municipality the ratio fell  to 0.95 fn=m 0.97 
(90% C I  = 0.63 to 1.38). Therefore, there was no significant bias in the 
results of the residence a t  death analysis duR to the exclusion of children 
who were bocrn outside Ontario or for whan maternal residence a t  the t i m e  of 
birth could not be determinsd. 

5.3 The Effect of Case Exclusions due to Failure to mace Birth R e c o r d s  

Tables 1 and 2 sbw that 13 (2%) of the leukada deaths and 27 (2%) of the 
incident cases w e m  excluded from the analysis because birth certificates 
could m t  be traced and therefore ma te rna l  residence a t  time of birth could 
m t  be identified. A crude estimate of the potential bias was calculated 
under the aSSurmptim that the excluded cases were twice as likely to reside 
in the counties of interest as the original 795 subjects w b  were included 
i n  the mortality study. Fran Table 6, the total number of subjects wfio 
lived in North.lsnberland mty was 12, or 1.5% (12/795) of a l l  subjects. If 
the 13 excluded subjects were twice as likely to reside in the study amas 
(2 x 0.015 = 0.03), then less than me (0.03 x 13 = 0.39) additimal case 
wxld be observed. As the addition of 13 cases tJould not affect the 
prcxrincial rates that were used to estimate the eJqpecrted frequencies, a 
en& "adjusted" mortality ratio can be obtained. Again, from Table 6, for 
the w u n t y a n a l y s i s t h e o b s e r v e d ~ o f  d e a t h s b y r e s i w a t  timeof 
birth resulted in a mortality ratio of 1.49. W i t h  the addition of the 
e x p c b d  number of additional "cases" (0.39), a mortality ratio that is 
"adjusted" for the potential misclassificatim of missed "cases1' would be 
1.53 ( 12.39/8.1) . This demmstmtes that i f  cases resided in the 
counties of interest were excluded, the relative risk estimates cuuld be 
slightly under-estimated. There is no reason to believe that 
unavailability of birth recards or OCR identifying informatian would occur 
selectively far the counties smmmdiq the nuclear facilities. 
Therefore, the bias due to case exclusim is likely to be s m a l l .  

5.4 Indicabrs of (Mario Cancer Registry Incidence Data Quality 

Relative risk estimates can be biased i f  the autcune of interest is 
misclassified, w i t h  an atbmating bias occurring in the preseme of 
nrdifferential misclassificatim and a less pmdictdble bias occurring 
w i t h  differential misclassificatim. A preliminary a s s e n t  of whether 
differential or nmdifferential misclassificatim was active in W s  study 
w a s  made by camparing indicators of OCR data quality for the counties of 
interest and the province. These indicators can suggest whether leukada 
diagnoses were made with the same degree of certainty. 

The tsm principal indicators of OCR data quality are the percentage of 
registrations that have been histologically verified (% HV) and that have 
been based on death certificates m y  (% DOD) . These indicators for the 
registration of the leukaenia (Im-9 204-208) in Ontario for all ages for 
the 1979-1983 period, were % HV = 74% and % Do0 = 1.3%. In the five 
cuunties of interest, for a l l  ages, similar values were obtained: % HV = 72% 
and % Da) = 1.5%. In general, the certainty of the classification of the 
leukaemias is similar in both Ontario and the areas exmined in this 
study. The values for these counties for the children aged 0-4 years 
(n = 18) were: % IN = 94% and % DCO = 0%. The higher indices of quality of 
registration for leukaemia in this study may reflect the resu l t s  of the 
chart review for indefinite diagnases, w h i c h  w a s  undertaken in view of the 
JamMn over-reporting of childhood cancer in the om* 



5.5 The Effect of the Estimation of Missing Values 

The waluation of the pmcdure that was used to estimate m i s s i n g  live 
birth frequemies is described in detail in i\ppendix G. This evaluation 
indicated that the estimaticn pmcdme may result in an B t i m  of 
the live birth fxqwncy for the "- area in No-land Cbunty of 
2.4 live bFrths per year on average. Over the 36 years of obematim in 
Northumberland Ccxrnty, live birth estimaticn was required in 24 years, 
which would result in an -tion of the total number of live births 
by 57.6 (24 x 2.4). Follawing the additim of this figure to the total 
rnrmber of live births for the area "nearby1' Port Hope, "corrected1' values 
were obtained for the rnnnber of expe&ed deaths and the mrtality ratio. 
The "corrected" mrtality ratio was 1.564, as ampared w i t h  the value of 
1.568, w h i c h  is reported in Table 6. Similarly, for all &mas, the 
mortality ratios were affected only in the tfiird decimal point. Therefore, 
the magnitude of the potential bias resulting frun the estimation pmcedure 
is likely to be negligible. 

6. RecOmnendaticn for mture Studies 

North Amrican families are gemrally believed to be r m  mobile than 
families in the U.K. This could result in a greater likelihood of failing 
to detect a h e  excess risk if a study were to analyse risk factcrs later 
rather than earlier in life. This study was specifically designed to 
detect a birthplace pattern as seen by Gardner et al [Ref. 3.41 in their 
study of CNldreol M Seascale. In spite of the narrow age range of this 
study, it is of interest that, w i t h  the exception of the facility at Elliot 
Lake, the estimates of relative risk for mortality in "nearby" areas mound 
the nuclear facilities were all higher for residence at time of birth than 
at time of death. 

A t  this time, it is not warranted to a detailed study designed to 
quantify the risk of childhood leukaemia in relation to the radiation doses 
and mqnsme to chemicals in the envimment in in vicinity of nuclear 
facilities. Instead, it is mmmmded that further studies be designed to 
detect a -lace pattern. Strategies for increasing the sample size and 
hencethepowerof t h e c u r r e s l t s t u d y i n c l u d e ~ t o o t h e r a g e g r w p s  
and/or to ather prm&mes. Fbr each each of expansion, power and the 
rnrmber of additicnal cases that wuld be included are estimated in ozder to 
assess the expected mrkload. 

6.1 Study Expansion to Age 14 

Estimates of the number of additicnal leukaemia cases (i.e., children aged 
5-14 years) were obtained frun the OCR. An additional 1282 deaths, which 
occurred frun 1950 through 1986, and 1083 incident cases, which occurred 
frun 1964 to 1985, would be available resulting in 2.5 and 1.9 fold 
increases in the sample sizes of the mortality and incidence studies 
respectively. An advantage of this expansion would be a reduction of the 
lawest detectable relative risk. Also, if in the study the 
relative risk estimates are similar to thDse ohsaraed in this study, then 
nanmw OOglfidence intervals and a possible twofold increase in power would 
be obtained. Even w i t h  such an expansion, 808 puwer is still unlikely to be 
achieved by all of the analyses. 

expand the study to age 14 years will require an additional nine mnths. 
The time-ccnsumirg task of tracing and matching birth and death certificates 



for a finther 2365 subjects must be perfarmsd. In additim, for the 
resideme at tim of birth, it will be necessary to collect data far a 15 
year period priolc to 1949 in ordea: to obtain and estimate the number of live 
births, and it may be necsssary to calculate age-adjusted mlative risk 
estimates for the residence at time of birth analyses. 

Three other prwinces have nuclear facilities. Quebec and Naw Brunswick 
each have cne power statim and Manitoba has a facility that  is a research 
centre (Whiteshell at Pinawa is similar to River). The estimated 
lurmber of deaths and incident cases olrtainsd by expmdbg  the study of 
leukaemia in childmn aged 0-4 years to these prnvincas was based cn the 
relative sizes of the populatims of each pmvince. IhdPs the asswptirn 
t h a t t h e l e u k a e m i a m c a t a l i t y a n d i n c i ~ r a t e s i n e a c h ~ o ~ e r t h e  
time period of interest are equal to thse of Ontario, the rannber of 
a d d i t i o n a l s u b j e c t s i n e a c h ~ c a n b e e s t i m a t e d ,  a s S b m i n  
Table 10. 

~y expmmng the shmdy to three other pmuhces, Table 10 shows that an 
additioplal 1657 subjects wnuld need to be analyzed, w i t h  -bly a 
-fold inr=rease in the number of chilcken for the nr#ltality and incidence 
studies. Such an inc=rease in the tatal mnnber of childrenwho must be 
included in such an expnded study will have no effect on the observed or 
expe&ed frequencies in the vicinity of a particular nuclear facility. 
Therefore, the problem of low power that arose in each stage of the analysis 
inthestudywouldnotberesolvedbyexpandingtootherprovinces. 

Prior to ennen coplsiderirq such an expansicn, estimates of the feasibility 
and time requimd rmst be obtain& in cmsultatian w i t h  repmsentatives of 
each pmvhce. Folc example, it is possible that access to death certificate 
informaim is ncrt as straightfarward in sane pmimes as in others Ead 
that the pcpllatiahs li- near the installaticms may be even snaller than 
t b s e  observed in 0nt;ario. Problems similar to thorse experienced in this 
study in*- 

. the population at risk may also be encuuntered due to 
chaqes and the lack of published informatim. 

The ocamenm of leukaemia deaths and incident leukaemia cases was studied 
childnm, aged 0-4 years, W were born to mothers  reaiding in the 

vicinity of nuclear facilities in Ontario. High levels of excess risk, of 
the magnitude dhsarved by Gardner et al [Ref. 41 for children born to 
mothers resident in the vicinity of the Sellafield facility, were not 
obsemed in the areas around nuclear research facilities and uranium mining, 
milling and refining facilities in Ontario. In the vicinity of nuclear 
research facilities, the rate of leukaemia was, in fact, less than 
expcted.  In the areas arand uranium mining, milling and refining 
facilities, the rates were slightly greater than expe&ed; howwer, due to 
snall frequeracies, these results may have arisen due to chance. A slightly 
greater than ercpected occurrence of leukaemia was also detected, which may 
well have been due to chance, in an exploratory study of the areas around 
nuclear power generaw staticns in Ontario. With the exceptim of one 
facility, a consistent pattern of higher relative risk was detected for 
mortality analyses in "nearby" areas performed by r e s i m  at time of birth 
versus residence at time of death. Such a differential can be expected to 
be even greater in a study encxmpassing larger age ranges. 
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It would be possible to reduce the uM=ertainty of the relative risk 
es t imatesob ta inea ineachcanpanes r to f thes tudyby~tOother  
ages. It is mmmmxkd that the study first be expaded in Ontario to 
include children aged 5-14 years. Su* a study would be relatively simple to 
perform, wuld be cunpleted in a short period of time (nine, mths) and 
would increase the precision of the relative! risk estimates detected in this 
may. 



Table 1: Leukamia deaths in children aged 0-4 years in M a r i o ,  1950 - 
1986: The nmiber iracluded in tfie study, reasons for e x c l ~ ~ i ~ ~ l ~  
and reasass for rarsuccsssful linkages between Ontario Cancer 
Regisby  and birth remds. 

Inclub3 in Study 
Definlte matches 
Probable matches * 

Excluded frun study 
Bmn OLIf;Side mtario 48 
AQptsd (birth parents unidentifiable) 10 
Lethemia cause of death unconfirmed 1 
Maternal resideme outside Ontario 1 
Inoolrrect date of birth 1 
Duplicate death registration 1 - 

TOTAL RECDRDS NOT LINKED 

*See text for details. 



Included in study 
Definite matches 
Probable ma- * 
Possible matches * 

Excluded frcm study 
Di- canfirmed rot to be leukaeda 
Bonn cx1tside mtario 
A&pted (birth parents unidentifiable) 
Leukaemia diagnosis mamfirmed 
Duplicate incidmce registration 
Ma- residence outside Ontario 
Imxxmct date of birth 

Total Excluded from s4xdy a f t e r  Records Linked 

*See text; for details. 



Table 3: Distribution of type of 1-a in cases eligible far study 
amng children aged 0-4 years who died in QItario and selected 
counties, 1950 - 1986, 

Lymphoid Leukaemia 204 179 (22-5) 13 (23-6) 

Other Specified 
Leukemia 207 3 ( 0.4 1 ( 1-8) 

Unspecified Cell 
Type 208 521 (65.5) 30 (54-5) 

* Internatimal Classificatiun of Diseases, Ninth R&sim, 



Table 4: Qxbrd.0 Orxlnties with Nuclear Facilities: PapiLaticn, Facility Naane, 
Year of F i r s t  Opmtion and F a c U i t y  Type. 

m t i m *  Nuclear 

6,165 Chalk River 

10,740 Elliat Lake 

Year of 
F i r s t  F a c i l i t y  

-tion TVpe 

Research & m7elopnent 

Nuclear Damnstration 

* frcm 1981 census 



Table 5: Leukaemia m r t a l i t y  ar~I incidence in children aged 0-4 years in 
Renfr&1 Oourty (Chalk River - nuclear research facility) by 
residence at time of death and birth, and by geographic region- 

By Residence at Death 

By Residence at Birth 

-ty * 
Nearby* 

By Residence at Birth 

* Rows do not constitute independent analyses. A total of 15 individuals 
ccntribte to the observed frequencies. See Appendh H for details- 

O/E - ratio of observed over expected 

CI - confidence interval 



Table 6: Le&aemia mortality and incidence in children aged 0-4 years in 
-land Ccxrnty (Port mpe - uranium refinary) by 
residence at ttne of death md birth, tad by geographic region. 

By Residence at Death 

By Residence at B i r t h  

* Flms do mt CCBlStitute independent analyses. A total of 20 individuals 
contribute to observed frequencies. See Appendh H for details, 

O/E - ratio of observed over expedea 
CI - mnfidmce interval 



Table 7: Leukamia mrblity and incideaxe in children aged 0-4 years in 
Algana District (Elliot Lake - d m  and milling) by 
residence at t ime of death and birth, and by g e q q h i c  regime 

By Residence at Death 

By Resideme at Birth 

-tY* 
Nearby* 

* IcaYs do not COBlStitute independent analyses. A total of 27 individuals 
cogltrirllte to the frequencies. See Pippendix H for details. 

O/E - ratio of ohserved over expect& 

CI - COBlfidence interval 



* Rows do not constitute independent analyses. A total of 58 individuals 
contribute to the ubsobser frequencies. See ?qpr&x H for details. 

O/E - ratio of observed wer expected 
CI - confidence interval 

Table 8: Leukaenia mOoctality and incidence in children aged 0-4 years in 
Dmhm Regimal Municipality ( P i c k a 5 . q  - power ~~ 
staticn)byreSi-attimeof-dbirth, andby 
geographic region. 

By Residence at D e a t h  

-ty * 
Nearby* 

By Residence at Birth 

-ty * 
Nearby* 



Table 9: Leszkaemia mmtdlity and incidence in children aged 0-4 years in 
~tiuce County (Douglas Point - pmer generating stations) by 
msi&mce at t i m e  of death and birth, and by gwgmphic region. 

-tu * 
Nearby* 

EW Residence at Birth 

* Rows do nst amsti tute independent analyses. A total of 6 individuals 
conlzibute to the observed frequencies. See 2Qxndix H for details. 

O/E - ratio of observed over expected 

CI - confidence interval 



Table  10: Estimatim of the number of children aged 0-4 years who died 
franart~lerediagmsedwithleukaemiainothEsrCanadian 

paplla- % of I3Xp&edNo. E2pcted No* 
Pravince agedo-4years Ontario of deaths* of incident 

1976* Pogpulation cases- 

Total 

-ation in t busmds  (saurce: 1976 Census) 

**aqecbd number = (expcted number in mtaxio) x (% of Ontario papilation) 
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APPENDIX A 

The Ontario Cancer Registry (KR)  is o ~ h e  of the largest population-based 
cancer registries in the mrld, coaztaining mre than 6 millim diagmstic and 
treatment records an apprmimately 533,000 cases of cancer in Ontario. 
Site-specific cancer incidence data is currently available for the years 
1964-1985 and cancer mortality data is available for the period 1950-1987. 
The OCR is a highly autanated and cost-efficient system utilizing 
state-of-the-art compplterized record linkage techniques, and medical and 
epidemiologic expertise. 

The OCR is operated by the Ontario Cancer Treabnent and Research Faundation 
(0CIR.F). The Division of Epidemiology and Statistics of the WIW is 
respansible for the adequate reporting of cases and the mwrding and 
oanpilatim of data: me of the mandates of the OCI'RF under the Cancer Act. 
Hmever, there is no legal requirement to register a case of cancer in 
Ontario and to make the OCR a populatim-based registry it has been necessary 
to collect information fmn multiple saurces. 

Tkhe OQi emplays a unique system of registratioan, based cin oo~llpplterized record 
linkage cn cancer cases collected rartinely for other plrpcwes mil pmvided 
totheFOundatim. Thf3Registryreceivesmorethan200,000suchrecords 
annually. The following pmvime-wide data are mutinely forwaded to the 
Registry: 

1. Hospital discharges w i t h  a mention of cancer collected by the Hospital 
Medical Records Institute (HMRI) and supplied by the Ontario Ministry of 
Health; 100,000 oomputerized reoords per -year. 

2. Pathology reports with a mention of cancer suhnitted voluntarily by 
bspital pathology labmatories; apprroximately 35,000 paper records per 
year- 

3. Reports an patients refexzed to the Regional Cancer Cen- of the OCI'RF 
& the Ontario Cancer I n s t i t u t e / P r h a s s  Margaret Hoepital; 20,000 
 zedr re cards per^. 

4. Deaths fmn all causes supplied by the Registrar General of Ontario; 
65,000 ccnpxrterized records per year. 

To link together the large volume of data, the Foundation staff have 
developed a sophisticated canpter record linkage system based on the 
malized Iterative Record Linkage Systems (GIRLS), designed by Statistics 
Canada in cunjunction w i t h  the Epidemiology Unit of the National Cancer 
Institute of Canada. 

Once source files are preprocessed, cancer incidence data are created in two 
major phases. First, sequential computer linkage of the source files is 
carried out to bring all records pertaining to an individual together. Then, 
a set of ccmputerized rules called "case resolutim" is applied ~ the linked 
records, to determine site of disease, histology, and date and method of 
diagnosis. Manual resolutim is carried out routinely to deal w i t h  problems 
arising as a result of either linkage or case resolution and to ensum that 
the data is of good quality. 



W OCR poccrvides a direct Service to many different amponen* of the carrcer 
~ ~ l ~ a n d t h s ~ o a m a ; m i t y a n d p r r r r v i d e s n o t c n l y  accurateand 
timely infarmation, but as&sbxs  in interpreting tfie data. Mmenxls 
studies of cancer etiology (cas8-cm-1 and cohort) have been cmducted 
utilizing infannation fran the OQi. 
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DEATH CERTIFICATE 

Form 15 Province ol 

(VSA 1970) ONTARIO (Canada) 
Office of the Registrar-GeneraI 

STATEMENT OF 

DEATH 

NAME O f  
MCEASEO 

OAT€ OF 
OEATH 

4. Nun d W W  or ~ u t ; O n  (ofherwise give rxxl foution wtnue death occwad) n 
PLACE 

OF OEAYH Borargh. cay. -. v*rga. township. (by -) ~ n u n i c i g ; d a y . c a n a y . o r d i s b i c l  

I 

FOR 
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USE ONLY 
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MOTHER 
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24. Name and address d funeral home (or person m charge of rumms) mt or type) Postal Code 
8 1 I I 
t I t I I i i I  - - . . I I 

25. Signature of lured director (or respom&? olticer) Date: Monm ( 3 y  name). day. year FUNERAL 
DIRECTOR 

I 

Wi Permit Issued by - Address Oate issued (m. d. yrl 

I am satislid as b t t e  correctness and s u t f i  d this state- 
ml and the medid certiicate d death. and I regrster Ite death 
by sqning the statement and the rnedicd cdicate  of death - CERTIF I- 

CATION 
OF 

OLVlSlON 
REGISTRAR 

For Deparlmeml Use Only 

I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . * . . . . . * . . . . .  . . .  . .  
Signature ot Diwision Registrar 

Date: Month (by name). day. year Regdfatbn Nvmber Gxk Numbec 



Fonn 16 PROVINCE OF 
(VSA 1970) 

MEDICAL CERTIFICATE 
ONTARlO (Cam&) OF 

Office of the Registrar-General 
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-Qhyvan 

DEATH 
PERSONAL PARTICULARS Of  OECUSEO 

1. Swnrcm d dece;rsed (wir( w type) U C ~ ~  2. S€X 
NAME OF 

OEC€ASEO 
I I 
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OF OEATH I I I I 

I I 
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I 
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CAUSE 
OF 

M A T H  

A W S Y  
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CULARS 

\CCIOENTAI 
OR 

VIOLENT 
DEATH 
l appkable, 

CERTIFI- 
CATiON 

(attending 
physician. 
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I I 
14. How did injury occw? (describe drcumSlMces) 

Signature (anending physician. coroner. etc.) 16. &$gnation: 

Other 

named person died on 
the date and from me 

stated mein:  X a 0 0 
............ 

17. Name d physiciian or coroner (print or t ype)  Oate signed - Month (by NN). day. year 

Address 

CERTlFE 
CATION 

OF 
DfViSlON 

REGtSTRAR 

I am satisfied as to the correctness and suftciency of 
this medd cehticate ol death and lhe statement of 
death and I register the death by signing this certificate 
and the statement of death. ....................................................... 

Signature of Division Registrar 

Registration Number Code NumW Date: hbnth (by name). day. year 

For Departmental Use Only 





DATA COLLECTION FORMS 

INCIDENCE 

Study No: 002441 

Surname : 1NC;RAM 

D a t e  of Birth: 04/26/73 
( R e g i s t r y  ) MM DD YY 

AECB STUDY OF CANCER I N  CHILDREN 

BIRTH CERT NO: 101251 LINK: 1 

Firstname(s): LOUISE ARLENE 

Sex: F 

PLACE OF BIRTH: (Hospital) TORONTO GENERAL DATE OF BIRTH: 04/26 /73 
( B i r t h  Cert) MlJl DD YY 

( City ) TORONTO 

MOTHER'S SURNAME: INGRAM FIRSTNAME ( S ) : ELIZABETH ARLENE 

MAIDEN NAME: CHAMBERS OTHER NAME: --- 

~ a r i t a i  Status: 

MOTHER ' S ADDRESS : 
1L BLACKTHORN DRIVE 
TORONTO 

RESIDENCE CODE : 20004 

RG CODE: 20041 
Postal C o d e :  

MOTHER'S OCCUPATION: n/a AGE OF MOTHER: 22 

FATHER ' S SURNAME : INGRAM FIRSTNAME ( S ) : TOBY MICHAEL 

FATE3ER'S ADDRESS: RESIDENCE CODE: --- 
RG CODE: --- 
Postal C o d e :  

FATEER's OCCUPATION: n/a 

Group No: 116251039 D a t e  of DX: 30/06/76 Age a t  DX: 3 
DD MM YY 

D e a t h  C e r t  No:  016253 

D a t e  of Death: 15/08/80 
DD MM YY 

Age a t  D e a t h :  7 

C a u s e  of D e a t h :  R e s i d e n c e  a t  D e a t h :  

ALL IDENTIFYING INFORMATION IS FICTITIOUS 



APPENDIX D 

In order to facilitate the analysis by maternal residence at the time of 
subject's birth, it was necessary to use a ccasistent residence coding 
system. Thus, all residences were coded according to the 1981 Standard 
Geographic Classification (SGC):  a five-digit code with the first two digits 
indicating the county and the last three indicating the location within the 
m t y *  

In most cases, the residence was coded to the most specific locatim in the 
address. For axample, an address such as Bawmanville, Darlingtcn Tbvmhip 
W d  be codsd to Bacnnarrville. Residence codes were canpared with 
assigned by the Registrar General on the Birth Ceatificate, and all cases 
vhexe the assigned code and the Registrar General code differed were noted. 
However, in order to be consistent w i t h  the number of live births published 
in vital statistics, the oode assigned by the Registrar General was followed 
if coding mne specifically placed the locatim in a different county. All 
places of mi- in the cwnties of interest, particularly rural routes, 
were individually reviewed to ascertain their exact location in order to 
determine if cases should be included in the "nearky" analysis or the county 
level analysis only. Bath the assigned codes and the Registrar General codes 
were recorded and entered into the =-PC. 

In order to carrectly interpret the Registrar General codes for verification 
pupases, it became clear that a Wrough urzderstanding of the wnplex 
changes in SGC coding over t i m e  was necessary. A careful search of 
historical documents revealed that the wdes for all counties in Ontario have 

two q l e t e  rwisi~ls since 1950. Cades for specific locations 
w i t h i n  counties changed in 1954, 1957 and 1971, in additim to several 
indivi6ual mdificatims as oomntolities hcmased in size fran villages to 
tmms 'to cities, etc. The baundary chaqes which acccrrp?anied such coding 
mdificatims are described in H. 



DURHAM REGIONAL MUNICIPALITY AND NORTHUMBERLAND COUNTY 
(Port Hope Uranium Refining Facility) 

from: Standard Geographic Classification 1981, Volume 1A 

Peterborough 
County \ 

Muskoka 
District Haliburton 

MUNICIPALITY 

\ 

' 25 km' 

Lake Ontario 

Port Hope 
1 Cobourg T 
2 Newcastle T 
3 Hope Twp 
4 Hamilton Twp 
5 Haldimand Twp 

Population (1981) 

9992 
11385 
32229 

3438 
8809 
3433 

Area of 
"Nearbyf' Analysis 



ALGOMA DISTRICT 
(Elliot Lake Uranium Mine and Mill) 

from: Standard Geographic Classification 1981, Volume 1A 

ALGOMA DISTRICT 

Lake Huron 

Sudbury 
District 

Elliot Lake T 
1 North Shore Twp 
2 Serpent River 7 R 
3 Blind River T 

Population (1981) 

16723 
2039 
172 
3444 

Area of 
"Nearbyf' Analysis 

-- 

Algoma District 



YORK AND DURHAM REGIONAL MUNICIPALITIES 
- -- 

(Pickering Nuclear Generating Station) 

from: Standard Geographic Classification 1981, Volume 1A 

Population (1981) 

Pickering T 37754 
1 Ajax T 25475 
2 Oshawa C 117519 
3 Whitby T 36698 
4 Markham T 77037 
5 Scarborough Bor 443353 

Area of 
 e ear by" Analysis 



BRUCE COUNTY 
(Douglas Point and Bruce Nuclear Power Development) 

from: Standard Geographic Classification 1981, Volume 1A 

Kincardine T 
Port Elgin T 
Southampton T 
Walkerton T 
Tiverton V1 
Kincardine Twp 
Bruce Twp 
Saugeen ltrp 
Brant Twp 
Greenoch Twp 

Population (1981) 

5778 
6131 
2830 
4682 
806 

3175 
1773 
1720 
3454 
1875 

Area of 
 earby by" Analysis 



For each wunty of interest the -logy of boundary changes is listed fmn 
the year the nuclear facility began operation. The specific areas that were 
included in the analyses are listed (@city; Bor=borough; T=taJn; Vl=village; 
Twp=tuwnship; R=Indian R e s e r v e ) .  The years for which data were not available 
frun published statistics are then listed, follmed by detailed notes 
regarding the delineation of the areas of interest and the methods of 
estimating populations and live birth frequencies. 

MNFIE&I CU.UWY (Chalk River  and Iblphtm) 

Petawawa A r m e d  Forces Base opened as a training camp. 
Chalk River Laboratory Facili-ty opened in Rolph, Buchanan, Wylie 
a n d m y  Twp* 
Sometime in the 1950' sf Petawawa Base became a permanent base, 
resulting in a larye population increase. 
Chalk River V1. was incorporated fran Rolph, Buchanan, Wylie and ' 

McKay Twp* 
Deep R i v e r  T. was incorporated from Rolph, Buchanan, Wylie and 
-Y Twp* 
Petawawa Vl . w a s  incaporated from Petawawa Twp. 
RolphtOaZ F b w e r  Facility opened in Rolph, Buchanan, Wylie and 
McJw Twp* 
Pembmke T. became a city (status change only). 
Petawawa V1. annexed part of Petawawa Twp. 
Pembroke C. annexed part of Stafford Twp. 
Rolphton w a s  closed and disnantled. 

County Analysis: Renfrew Caun-Q 

"Nearby" Analysis (Chalk River): Deep R i v e r  T.: Chalk River Vl.; Petawawa 
Vl , ; Rolph, BuChanan, &lie and m y  Twp. ; Petawawa Twp. An "extended m" analysis included Pembrake C. and Pembrdre Twp. A final analysis 
included Head, Clara and Maria Twp. post 1962, since this area was w i t h i n  25 
h of Rolphton generating station. 

Es t ima t ed  B i r t h s :  
1949 - 1968: 1972-1973: Petawawa Twp. 
1949 - 1973: Pembmke Twp, Rolph, Buchanan, Wylie and McKay 

w., Head, Clara and Maria Twp. 
1954 - 1961: Deep River T., Chalk River V1. 
1959 - 1961: Petawawa V1. 

Notes : 

1. B i r t h s  were estimated using the percentwe of the population aged 
15-44 years frcm 1949 to 1958 and the percentage of females aged 15-44 
years (% F15-44) fmn 1959 to 1973. Birth figures are available for 
Petawawa Twp, for 1969 to 1971 from the annual Vital Statistics R e p o r t ,  
but missing for 1972 and 1973. 



2. Live births wexe only estimated back to 1949, even tbcrugh the Chalk 
River plant opened earlier, The birth estimation before 1949 would be 
much more ample+ due to the absence of a census in 1946. 

3. The Chalk River 25 km circle cagls the Twp. of Sheen, Esher, Aberdeen 
and Mala'bff in Pmtiac Caunty in Quebec.. The Rolphtan circle oovers 
this tcrwnship also, as well as Rapides-des-Joachhs Twp. The total 
population in these two tuwnships was mall (n = 498 by the 1966 
census). Also, it is unlikely that people living in Quebec would have 
been working in Chalk River or Rolphkn facilities. 

4. Althugh Petawawa V1. was incorporated in 1961, births had to be 
estimated for 1959-1961 because the village appeared separately from 
Petawawa Twp. in the 1961 census. The same situation existed w i t h  Deep 
River T. and Chalk River Vl. in Rolph, Buchanan, Wylie and McKay Twp. 
frcm 1959 to 1961. The following pmcedum of estimatim was used for 
all three areas, but is illustrated w i t h  Petawawa V1. 

a) Calculate percentage of wunen aged 15-44 in Petawawa Vl., using 
Petawawa Vl. and all "county-other" places in the -tor frcm 
the 1961 census. 

b) Calculate the number of births m e d  in Petawawa Vl. in 
1959-1961. Subtract this fran the total "county-other" births. 

c) Calculate % F15-44 in the r m a i n h g  places to be estimated, using all 
"wunw-other" places in the denanhator. Use these figures for the 
entire 1959-19a pericensal period. 

Port Hope Processing Plant opened. 
Port Iiape Vl. amexedpart of Hope Twp. 
Trentnn T. (Hasting Caunty) annexed part of Murray Twp. 
cbbmq T. annexed part of Hamilton Twp* 
Txentnn T. (Hasthgs County) annexed part of Murray Twp. 
Port HopeVl. became a tawn (status change only) 
Port Hope T. and Hope Twp. fromDurham Caun* joined 
Narthnnnberland Caunty* 
Sauth Molaghan Twp. from Northumberland County joined 
Peterboraugh County. 
Darlington Twp., Clarke Twp., Bawlnarnrille T. and Newcastle Vl. 
became Mwcastle T. in Durham Regimal Municipality. 
Coboury T e  annexed part  of Hamilton Twp* 

County Analysis: Northumberland County as defined in 1974, plus Newcastle T. 

" N w "  Analysis: Port  Hope T., Cobaurg T., Newcastle Vl., Clarke Twp., Hope 
Twp., Haldimand Twp., Hamilton Twp. 



Estimated B i r t h s :  
1949-1956: Mwcastle V1. 
1949-1973: Clarke Twp., Hope Twp., Hamil- Twp., Haldimand Twp., South 
Mona- Twp*, D a r l r n  Twp. 

Notes: 

1. B i r t h s  w e r e  estimated using the percentage of the population aged 
15-44 pars  from 1949 to 1958 and the percentage of wanen aged 15-44 
years from 1959 to 1973. Since several of the "nearby" areas were part 
of Durham Covnty during the period of estimation, the appropriate 
"county-ather" births and papulatim data were used. 

2. L i v e  births were m y  estimated back to 1949, even though the plant 
opened earlier. The bi r th  estimatim before 1949 would be much more 
canplex due to the of a census in 1946. 

3. Rationale for  county analysis: The available figures frun 1974 for  
Northumberland Caunty can be used with that part of Durham Regimal 
Phmicipality not used in the Picker- analysis. 3he number of l ive  
bir ths in South Mrmaghan Twp. was estimated so that this number cauld be 
subtracted fran Northmberland Cbunty figures prior to 1974; Dar lhgbn  
Twp. , Clarke Twp. and N e w c a s t l e  V1. were added to the county figures. 
I&& figures w&e available for  Bmmanville T. 

4. Since m l y  Clarke Twp. and N e w c a s t l e  V1. of the post-1974 Newcastle 
T. were to be included in the "nearby" analysis, it was necessary to 
estimate their birth figures. Since 27.15% of the population lived in 
these t w o  areas in 1971, this percentage of the post-1974 bir ths were 
cmsidered to have occurred in the portion of interest. The exact 
locaticn of residence of post-1974 cases occurring in m a s t l e  T. w a s  
individually checked. 

5. Separate birth figures are available from Colbome V1. fran 1952. To 
be cumistent through the 1949-1953 pericensal period, Colbome V1. was 
included in both the " c u u n ~ ~ t h e r "  births and the % F15-44. 

6. Separate bir ths figures are available for  Newcastle V1. from 1957 to 
1973. The follawing estimation procedure was used for  1954 to 1956. 

a) Calculate % F15-44 in N e w c a s t l e  Vl . ,  using Newcastle V1. and a l l  
"coun~-otherl1 places in the dtencminatnr from the 1956 census. 

b) Calculate the number of bir ths expected in Newcastle V1. in 
1954-1956. Subtract this fran the t o t a l  "countu-other" births. 

c) Calculate % F15-44 in the rammq . . places to be estimated, using a l l  
"wunty-other" places in the dencminator. Use these figures for  the 
entire 1954-1958 pericensal period. 



ALGmA DISTRICT ( U r n  LAKE) 

c2-lmnology: 
1954 - Elliot Lake Uranium Mines opened. 
1955 - Elliot Lake Improvement  is-trict was created f m  Algana District 

Unorganized, North Par t ,  
1966 - Elliot Lake Improvement District became a tawnship. 
1967 - Victoria Twp. (Unorganized) in Algoma District and May, H a r r a w ,  

Salter & Hallam Twps. in Sudbury District became Spanish River 
Twp, in Sudbury District. 

1972 - Blind River T. annexed part of Cobden Twp. (Wmryanized) . 
1974 - Shedden, Lewis, s~ragge, Lcng, and part of striker Twps. 

(Unorganized) became North Shore Improvement District. 
1976 - Elliot Lake Twp, became a town. 
1978 - North Shore hprmmmnt District became a tuwnship. 
1985 - Shedden Improvement District was incorporated from North Shore Twp, 

Caunty Level Analysis: Algana District 

"Nearby" Analysis: Elliot Lake T., North Sbre Twp., and Serpent River 
7 R, An "extended nearby" analysis included Blind River T. 

Estimated Births: 
1954-1963; 1972-1973: Elliot Lake T. 
1954-1973: Shedden, Lewis, Spragge, L m g  and part of Striker Twp. 
1954-1986: Serpent River 7 R. 

Notes : 
1, Elliot Lake T. experienced a population boom and subsequent decline 
during the period when it was necessary to estimate the births. The 
following mtkd was used: 

1954-1956: The birth rate for Algana "county-other" areas (per 1,000 
population for every year) was multiplied by the census year total 
population. 

1957-1963: The assessment population was available for Elliot Lake T. 
This was used instead of the census year total population with the 
"county-other" birth rate. 

1964-1971: Exact figures were  available from the annual vital statistics 
reports , 

1972-1973: Elliot Lake T. 'is missing from the 
In ortier to make the estimates as accurate as 
pmcedwe was used: 

a) Calculate percentage F15-44 in.Elliot 

vital statistics reports. 
possible, the following 

Lake T., using Elliot Lake 
T, and all "county-other" places in the denaninator. 

b) Calculate the number of births expected in Elliot Lake T, in 
1972-1973, Subtract this f m  the total "county-other" births. 

c) Calculate the "county-other" birth rate, using all "county-other" 
places in the dexminator. 



2. Due to the extremely snall numbers, population figures by sex and age 
groups are not available for  North Share Twp. over the period requiring 
estimatim. Themfore for  the period 1954-1973, the number of l ive  
births was estimated by multiplying the birth ra te  fo r  Algana 
l'county-otherll areas (per 1,000 paplat ion for  every year) by the census 
year total population for  pericensal periods. 

3. A variety of me- were used to estimate the births in Serpent River 

1954-1958: 
available. 
percentage 
m a t i o n  
the Indian 

'Ihe total population living ool Indian R e s e r v e s  is 
To atennine the population of Serpent River 7 R e ,  the 

f m n  1961 was used. In 1961, 13.54% of the Indian Reserve 
in Algoma D i s t r i c t  lived in Serpent River 7 R. In 1956 
Reserve population was 1704. Therefore, it was estimated 

that 13.54% of this papulatim (231 ) lived in Serpent River 7 R. The 
births were calculated using the birth ra te  for Algana "county-other" 
areas. 

1959-1973: The birth ra te  for  Algana "oounty-other" (per 1,000 
populatimforevexyear)wasusedwi.ththecensusyeartotal 
population far pericansal periods. 

1974-1978: The mmiber of births on Indian Reserves was available. 
This was used w i t h  the percentage of total Indian R e s e r v e  population 
that lived in Serpent River 7 R. as listed in the Census. 

1979-1986: Age and sex brWdown was available for  Serpent River 
7 R. Therefore the births were calculated using the number of births 
cm Indian Resenms and the percentage of Indian R e s e r v e  females aged 
15-44 years w b  lived in Serpent River 7 R. 

4. ~ i i n d  River T. was included in an "extended nearby" analysis, since it 
is the largest "nearby" town. 

5. Population figures are given separately for  Shedden Imprwement 
D i s t r i c t  and MrAh Sbm Twp. in the 1986 Census, but they are repcrted 
as a single unit  for  the l ive  births statistics. 

6. Appraximately half of the area of Striker Twp. was included in North 
Shore w. Since no infomat im is available regarding the population 
distribution, it w a s  decided that half the population of Striker Twp. be 
included when amalgamating the tuwnships Wch formed North S b r e  Twp. 



Pickering Paver Plant opened in Pickering Twp., Ontario County. 
Stauffville T., Richand Hill T. and Markham T. annexed part of 
Markham Twp., York Regional Municipality. 
Ontario County was dissolved. Rama and Mara Twps. joined Simcoe 
Caunty. All other villages, tawns, cities, and tuwnships became 
part of the Durham Regional Municipality, 
Scott Twp. and Uxbridge T. joined Uxbridge Twp. 
Thorah Twp. and cambgbn Vl. joined Brock Twp. 
Whitby East Twp. joinedoshawa C. 
Pickering Vl., Ajax T. and part of Pickering Twp, became Ajax T. 
The remainder of Pickering Twp. became Pickering T. 
Scott Twp., Port Perry Vl., and CartWright Twp, fmn Durham 
Caunty joined Scugog Twp. 

Caunty Analysis: Ontario County, minus Rama Twp. and Mara Twp. , plus 
Cartwright Twp., Maxkham T., and Sc- Bor. 

"Nearby" Analysis: Picker- T., Ajax T., Whitby T., Oshawa C., Markham T. 
and ScarborOzrgh Bor. 

Estimated Births: 
1972-1973: Pickering Twp. 
1971-1973: East Whitby Twp., Rama Twp., Mara Twp., Cartwright Twp. 

Notes: 

1. Since ppulatim figures were available by sex and age group, births 
were estimated using the number of births occurring in "cuunty-other" 
areas of Ontario Cbunty and the percentage of wman aged 15-44 living in 
the areas w h i h  mquimd estimatim. Carbright Twp. figures were 
estimated using the appropriate figures from Durham County. For 
Pickering Twp. birth figures are available in 1971 but are unavailable in 
1972 and 1973. 

2. Rationale for the cuunty analysis area: Rama and Mara Twps. are the 
most mrtherly tawnships and relatively sparsely populated. By including 
Cartwright Twp., the figures from 1974 could be used withaut 
modification, and it was only necessary that 3 years of data be adjusted 
for the m t y  level analysis. 

3. Markham T. and Scarborough Bor. were included in the "nearby" and 
county analyses so that the "nearby" figures are a subset of the county 
figures. 



Douglas Point Pawer P l a n t  opened in Bruce Twp. 
Port E l g i n  T. axmexed par t  of Saugeen Twp. 
Southamptan T. annexed part of Saugeen Twp. 
Port E l g i n  T. annexed par t  of Saugeen Twp. 
Walkertan T. m e d  part of B r a n t  Twp. 
Hanover T. (Grey Counw) annexed par t  of B r a n t  Twp. 
Units 1 and 2 of Bruce  Nuclear Pawer Develapnent A began operation. 
Port E l g i n  T. annexed par t  of Saugeen Twp. 
Hanover T. (&5y county) annexed p a r t  of grant Twp. 
Dauglas Point Pawer Plant  closed. Bruce  Nuclear Pawer Developnent 
B opened: a total of 6 r e a m  in service. 

mty Analysis: Bruce Oounty 

"Nearby" Analysis: Kirrardine T., Port E l g i n  T., Sou- T., T i m  Vl., 
Kincardine Twp., Bruce Twp., Saugeen Twp. An "exkxbd nearby1' analysis 
included Walkerbn T. , Brant Twp. and Greenock Twp, , because Ontario Hydro 
aperated an employee shuttle bus service that started in Walkertrm T. 

E s t i m a t e d  B i r t h s :  
1967 - 1973: Kincardins Twp., TivertcP1 Vl., Bruce Twp,, Saug- 'ItTp., Brant 
Twp*, 

Notes: 

1. Since populatim figures are available by sex and age gmup,  births were 
estimated using the number of births occurring in "c~unty-other'~ areas of 
Bruce Chmty and the percentage of w u m n  aged 15-44 living in the areas 
which required estimation. 



Live births were calculated for .the tima periods and census subdivisions 
described in Appendh F. This was mcessaq because the published reports gave 
births mly for incorporated places w i t h  a populaticm over 1,000 as of the most 
recent census. Thus, a method for estimating live births had to be devised. In 
order of pref-, the following estimation methods have been used: 

a) "county-othertt births mrltiplied by % pagulatim female, aged 15 - 44; 
b) "ocxlnty-ober" births mrltiplied by % popllatim, aged 15 - 44; 
c) wwunty-other" births multiplied by % tcrtdL populatim 

"Cbunty-other" births are those births which are larrwn to haw occurred to a 
mother resident in a oounty of interest, but in a census subdivisim too mall 
to have been reported separately. The advantage of using the annual 
"county-other" births is that if births had to be calculated for all of the 
"wunty-other" subdivisions, t h q  wuld equal the total births k n m  to have 
occurred to mthers in those subdivisions. 

The three different percentages used attempt to give an increasingly more 
accurate indication of the segment of the popllatim which is actually bearing 
children. The percentage pqulation aged 15 to 44 was used for all est imaticm 
in the years 1949 - 1958, due to the limitaticms of the available census data. 
For sum amas and time periods in Algana District (see Appendix F), anly total 
population was available. -fore, for a given pericensal period, the mst 
accurate percentage possible was calculated and used w i t h  the annual 
"county-other" births to estimate the live births. Canplicaticms occumed when 
live births for a census subdivision of interest were available for only part of 
a pericemal period. Appendix F describes the method used for these 
calculations. 

To investigate the accuracy of the estimation method, it was applied for the 
period when live birth frequmies were laown ( 1974-1986), for -land 
County. Prior to 1974, live birth frequencies had to be estimated for three 
tawnships (Haldimand, HamiltoPI, Hope), as shmn in Table 62. For these three 
tawnships, estimates were drtainsd after 1974 by ;rrk3irlcr their l a w n  values to 
the "county-other" value, and then applying the estimaticn pmcedum a) 
described above. For the three tamships, estimates w e m  obtained for each of 
13 years, and these were carpared w i t h  the true values (e.g., ohserved minus 
estimated). The box plots in Figure G 1  shm that the median difference between 
true and estimated number of live births was -3.6 for Haldimand Township, -4.1 
for Hamilton Township and 0 for Hope Tbmship. It can also be noted that the 
range of differences was greatest far Hamil- Township, w h i c h  had the largest 
number of live births (man of h e  values = 115.2 per year). By examinirmg the 
difference between the total births in the three tawnships togem and the 
total estimated ( "All" ) , an indicator of the overall effect of the estimation 
procedure was obtained. The box plot for "All", which has a median of 1.2 and a 
mean of 2.4 indicates that, on average, the live birth frequencies are an 
underestimation of the "nearby" area live births. Lhder  the assumption that the 
effect of the estimation pmcedwe is equal in all counties and over all years 
in which it was applied, this figure is used in Section E-5.5 to assess the 
potential bias effect on the major results of the study. Tables G 1  to 6 5  give 
the live birth data that were used. Ths estimates are indicated by asterisks. 



Table G1: Re&xw my: Mmibr  of Live B i r U s  for "Nearl@ Subdivisims 

chalk 
River 
vl. 

31* 
31* 
32* 
32* 
32* 
34" 
33* 
36* 
52 
43 
44 
23 
21 
24 
20 
27 
27 
21 
26 
19 
23 
27 
24 
23 
21 
22 
23 
22 
15 
22 
16 
18 
17 

-P Head, 
River Clara  & 
T, MariaTwp. 

* Est imated  values, 
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Table 6 2 :  -land Caunty: Number of Live ~irths f a  "Nearby" Subdivisi063~ 

Haldimand Hamilton Cobcxlrg 

* Estimated values 

Note: Newcastle T. 1974 - 1986 includes Clarke Twp., D a r l h g b n  'I'wp. 
and Bawmanville T. 
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Table 63: Alguna D i s t r i c t :  Mnnber of Live Births far "Nearl3y" Subdivisions 

Blind 
Rim To 

103 
160 
180 
224 
233 
258 
189 
177 
182 
158 
156 
109 
107 
92 
96 
108 
88 
87 
90 
78 
65 
71 
63 
62 
73 
59 
69 
56 
73 
109 
90 
98 
99 

North Elliot Serpent 
Smre Twp, Lake T, River 7 R, 

* Estimated values 
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Table 6 4 :  Durham Gwlln*: Number of Live Births for "Nearby" Subdivisions 

Ajax  
T* 

260 
268 
275 
333 
325 
296 
366 
386 
402 
425 
375 
412 
507 
615 
742 
773 

Markham 
To 

* Estimated values 
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Table 6 5 :  Bruce Caunty: Number of Live Births for "w Subdivisions 

5* 
5* 
8* 
lo* 
lo* 
lo* 
ll* 
16 
17 
19 
18 
9 
11 
18 
15 
8 
18 
12 
14 
16 

Walk- Saugeen Port S0uthampb 
T. m. E l g i n T .  T. 

* Estimated values 



Figure 67: Boxplots of the Dif f- Between Observed and Estimated 
Numbers of Live airths for Townships in -land m*. 



This appendix explains the interdepmdencies between the three *les of 
analysis presented in Tables 5 to 9. It is possible for a subject to be 
included in all three analyses at either the county or "nearby" level, or to 
be included only once. Table H-1 gives the total number of individuals for 
each method of analysis and for each geographic region. While them are 
subjects included in two or three analyses, in all counties at least 50% of 
the subjects are included in cnly cne style of analysis. 

For individuals to be included in a specific OOmbinaticm of analyses, 
must  meet criteria, in general, are based an when the incidence and 
mortality data becam available, v b n  the facility opened, and migratim. 
For each cunbinaticm of analyses, these criteria are: 

- Mortality by Death Residence Only (A) :  subject was born before 1950 or 
before the facility apensd or was born outside the coun* of interest. 

- Mortality by Birth Residence Only (B): subject was born before incidence 
data began (1964) and died outside the county of interest. 

- Incidence Only (C): subject did not die, or died over four years of age. 

- Mortality by B i r t h  and Death Residence (D) : both birth and death occurred 
after 1950, and prior to 1964. 

- Mxblity by B i r t h  Residence and Incidence (E): fllbject was born after 
1964 and died autside the wunty of interest. 

- Mortdlity by B i r t h  and Death Residence and Incidence (F): both birth and 
death occurred in a county of interest after 1964. 

Table H-1 indicates that 12 subjects were analyzed at county level by 
residence at death only (Row A). However, 10 of these children probably 
resided in counties of interest all their lives, since their mthers resided 
in these counties at the time of their births. They have only been excluded 
due to restricticms on the beg- of the time period. 




