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CHILDHOOD LEUKAEMXA 

AND EXPOSURE TO ELECIXNC AND MAGNETIC FIELDS 

Lob Margaret Green - Doetor of Philosophy, 1998 

Graduste Department of Community HciWL, University of Toronto 

A population-based case control study was conducted in southeni Ontario to 

assess the relationship between paeâiatric leukaemia and a nimber of environmental 

factors, of which exposure to electric and magnetic fields (EMF) wes of primary interest. 

Children diagnosecl with leukaemia during the period 1985-1993 who were less than 15 

years of age at the t h e  of diagnosis were ascertained b m  the records ofthe Hospital for 

Sick Children (Toronto). Controls were randomly sel& h m  a data base created ushg 

teledirect marketing lists applicable to the defined study catchment area and were 

individdy matchtd to the cases on year of biah and sex. 

A total of 20 1 cases and 406 controls were identified. Information relating to 

demographic and potential risk fxtors for leukaernia was collected through detailed 

personal interviews- For current and previous residences occupied by the child within the 

catchment area during the defined perid  of i n q w ,  point-in-time measurements of 

magnetic fields both *ide and outside the home were made- Residences were 

categorized accordhg to three different wire code classifications. If the residence in 

which the child was living at the time of interview was relevant to the period of inqyiry, 

the chüd wore a pewnal monitor for approximately 48 hom. 

The findings reported in this thesis are based on the subset of 338 children (108 

cases and 230 controls) with EMF measunments derived nom personal monitoring. The 

child's residence accounted for almost 80% of the total average exposure for most 

children. There was evidence of an association between exposure to magnetic fields 

measured by monitoring the chiid's usual activities at home and in- Rsk of 

developing leukaemia. The N k  was more pronounced for childmi who were diagnosed 

at less than six years of age and those children with acute lymphoblastic leukaemi~ AAer 



adjustment for potential confounders, residential magnetic field exposures of 0.1 8pT or 

more were associated with an odds ratio of 4.79 (95% confidence interval 1.66-13-88}, 

When magnetic field a<posures in the home were c o d  for powcr co~lsumption, the 

resuiting odds ratios for ali exposure Ievels above the refgent (exposures of0.04Fif or 

greater) were significantIy elevated. 

Point-la-tirne measurements of magnetic fields within the child's residence 

(child's bedroorn and two other rooms frrquently ofcupied by the child) were associated 

with elevated but non-signiscant odds ratios. No mlationship was observai with electric 

fields as measured by personal monito~g wr with wke configuration. 
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Chapter 1 

INTRODUCTION 

Background 

In 1979 Wertheimer end Leeper reporteci an association m e e n  childhooà cancer 

and close residential pmximity to power lhe configurations associateci with high 

electrical currents and attendant magnetic fields. This study had methodological 

limitations which c a d  some to question whether the findings had a valid scient& 

basis. Nevertheless, theù work bas corne to be regardcd as a senthel study upon which 

almost two decades of research have followed ia the attempt to better understand the 

relationship which was proposed by the authors. 

Extensive research since that time has not resolved the question of whether 

electric and magnetic fields @MF) incmse the risk of cancer. The issue is controversial 

not only in the scientific domain but also politidy, since the putative exposure (as 

presently envisioned) is ubiquitous and its mitigation could have profound wst 

implications. 

The research has spanned many scientific avenues h m  laboratory studies 

focusing on carcinogenicity and toxicology, to epidemiology. There are proponents both 

for and against the pmposed etiologic association between exposure to electric and 

magnetic fields at the generating frrquency (60 Hertz) in the electric power distribution 

system and the risk of childhood cancer- Doll(1996) has recently suggested that there is 

" some good quaiïty epidemioiogical evidence that residence near high-power electricity 

cables producing magnetic fields in houses of the order of 0.2pT and above may 

approximately double the risk of childhood Ieukecmia". The National Academy of 

Sciences issued a statement in October 1996 claiming that their evaluation of the curent 

body of evidence does not show that expure  to power-fkquency electric and magnetic 

fields presents a human heaîth hazard (Cornmittee on the Possible Effects of 

Electromagnetic Fields on Biological Systems, 1996). Such disparate views have 

contributed to the public concern and have fùrthered interest in continuing scientific - 

research to help resolve the uncertainties. 
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The fiterature relathg to whether electric and magnetic f iek cause cancer has 

been subjected to many reviews ushg such approaches as statisticai meta-analyses and 

the more qdta t ive  appIication of the causaiïty criteria proposed by B&ord Hili 

1965). To a large extent the EMF issue has been driven by the epidemiological research 

and the primary reason for this is the consistency with which some of the associations 

have been obsented. 

While not al1 studies have shown unifonn risk estimates, depending upon the 

health outcorne, the character of the study population and the type of EMF measurement, 

some consistency has been observeci in spite ofmethodologic and geographic ciifferences 

between studies. The greatest coasistency of findings relates to studies of childnn, 

specifically those with leukaemia, and EMF exposure as defined by wiring configuration. 

However, to date there has ken a notable failure to ident* a biologic mechanism 

by which exposure to electric and magnetic fields might cause adverse health effects in 

humans: it is this fkt which strengthens the possibiiity that EMF is not causaily related 

to cancer, 

There is al= the question of 'dose response'. With the absence of an established, 

or even suspected, biologic mechanism, it is difficult to determine what, if any, is the 

biologically relevant metric for the exposure. Many sinrogates of EMF exposure have 

been applied. Increasing risks with residentiai proximity to power lines with high cumnt 

capacity " high wire configurations" have been observed, but the extent to which the wire 

code is an accurate index ofexposure and, indeed long-terni exposure, has not been 

demonstrated and remains the subject of ongoing research. 

Objectives 

This thesis describes a study designed to hvestigate the association êetween 

paediatric leukaemia and a number of environmental fmon of which exposure to electric 

and magnetic fields is of primary interest. 



The ri& of leukaemia in children wi1L be evaluated according to more accurate 

measures o f  personal exposure than those used in previous rrscirch. Electric and 

magnetic field exposures as measured by personal monitors will k used to examine the 

relationship with paediatrïc Iedcaemia This represents the Gtst study to report electnc 

and magnetic field exposures as recorded by personal monitors actuaiiy wom by children 

at home, in school and in other locations- 
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OVERVIEW OF THE LITERATURE 

Descriptive Epidemi*olog. of Childhood Leukrremir 

Leukaemia is the most w m o n  malignancy of chiidhood and is the second most 

fiequent cause of death in cbildren, second only to mottality due to accidents. Despite its 

importance in tcrms ofmorbidity and mortality in chüdhood whem potentiai years of life 

lost can be considerable, childhood leukaemia is not cornmon. 

The significant progrcss which has kai made in the m e n t  ofmatric 

leukaexnia and the rccmt work which ius helpcd to estabtish possible leukaemogenic 

mechanisms have not been paralleIed by advanccmcnt of understanding of the etiology of 

this rnalignancy. Much research has been done and some causal fhctors clearly identifie& 

but the extent to which these 8ccou11t for the cumnt incidence of paediatric leukaemia is 

thought to be small. 

Descriptive epidemiology studies have ken limited in their contribution of 

etiologic clues because of artifactual aspects relating to diagnosis, reporting and 

classification. Diagnostic accuracy depends entirely upon the availability of medical 

expertise and technology and as a result there am wide variations in the quality of case 

ascertainment in the world. T'here is considerable variation in reporthg and registration 

of childhood leukaemia incidence and moneliây both bctween and withh wuntries which 

has made meaningfbl international companœsons difficuit @evesa et al., 1984; Dreper et 

ai., 1994). 

The specificity of leukaemia classification has been greatly aided by the prognss 

in clinical and labotatory techniques which have contributcd to changes in the criteria for 

diagnosis and the methods of classification (Birch and Marsden, 1987). The leukacmia 

rubrics of the Intemationai Classification of Discasts rcflect these advances and 

accordingly have changed substantidly over the 'decade' revisions. In the sùah revision 

(adopted in 1948) thcre was no distinction betwan acute and chronic Itukaemia but with 
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each subsequent revision, thae has been &nement of the categories such that in the 

ninth revision there are five broad categories by which to classify leukaemia and several 

more at the fourthdigit level- As a result, descriptive epidemiology according to specinc 

diagnostic subgxoups of childhood leukaemia has only been possible since the 1950's. 

Secular trends both nationally and internationally in childhd leukaexnia 

incidence are very dificuit to interpret because of changes relatiag to diagnosis, reporting 

and histopathologic ciassification, although Draper et aI- (1994) have conciuded fiom a 

comprehensive review of childhood cancer rates mmd the world that there is "some 

iimited evidence fot a small in- in the incidence of ALL" . 

The available vital statistics information has suggested that since about 19 1 1 thete 

has k e n  a steady increase in the incidence and mortality of childhood leukaemia. The 

increase was particuiarly drainatic in the 1950's and then showed a Leveling o K  Today 

some reports c l a h  that a slight increase in incidence is still evident while others suggest 

there may be a slight dechne. Recently reporteci amendments to the annually released 

cancer statistics by the National Cancer Mute (US) showed an increase in childhood 

cancers overaii for the period 1973- 1990 and, paaiculatly, for acute lymphoblastic 

leukaemia @esch and Bleyer, 1994). There has been controversy as to whetk  the early 

pronounced increase.was in fact r d  or mtefactual. AIthough the secular increase is 

generally thought to be r d ,  the magnitude of the apparent inc- is clouded by the 

complexities cited previously. 

Ontario cancer statistics for the period 1964 to 199 1 show an average of 96 

paediatric leukaemias diagnosed each year among children 0-14 years resident in Ontario. 

This reflects an overall incidence of 4.7/lOû,OOO in children aged 0-14 years, 5.2/100,000 

for males and 4.2/100,000 for females. Incidence was highest ammg children 0-4 years 

(7.91 100,000) at time of diagmsis and lowest for those 10-1 4 years (2.5/100,000) 

(Ontario Cancer Registry, 1996). In Ontario, there has been a vcry slight, but non- 



signincaa increase in the incidence ofchildhood leul<rwmia over the period of cancer 

registration, 

Relative to addt leukaemia, childhoud Ieukaemias are histologically more 

homogeneous. In developcd cowtries, approximately 85% ofpaediatnc lethemias are 

mute lymphoblastic, but this proportion varies accordiag to age at diagnosis. Acute 

lymphoblastic leukaemia (ALL) is more cornmon at younger agcs and there is a ciramatic 

peak at two to four years of age that is not present for other histologie types and is 

sometimes absent for A U  in developing corntries (Robison and Ross, 1995). 

Males are slightly more affectai than females with the exception of leukaemias in 

those less thaa one year of age where the incidence for fernales is higher- 

Descriptive epidemiology studies have indicated with some consistency that 

higher socioeconomic status is associated with an increased risk of leukaemmia. However, 

socioeconomic factors are defined by many aspects of liféstyIe which can confuse and 

create difficuities in disentangling these f&tors h m  true etiologic agents. 

Leukaemia incidence shows some urban/nual differences with an apparent higher 

incidence of childhood le-a in u r h  populations compared to rurai. Tht reason for 

this is clouded by the fsct that utban residence is closely tied with other measmes such as 

socioeconomic status and occupation. 

Although occupation may not seem directly relevant to children, it may be 

indirectly relevant through parental occupation. Occupational exposures of both the 

father and mother, in the pn-conception, pre-natai and pst-natal penods are incteasingiy 

the subject of research. 



Studies of Cancer and E.posare to EI- and mgnetic Fields 

At powa fixquencies (60 Hertz), there is no constant qdtat ive  relationship 

between electric field strengai and magnetic flux density, and therefore it is necessary to 

measure these components separately. Electric field strength is measured in volts/meter 

and depends upon the voltage in the circuit. Electric fields are easily pemabed and 

therefore, stable and reliabie measures of pasonal exposutes to electric fields are difncult 

to obtain. The attenuation of electric fields is so dominant that penetration of the body is 

minimai, however, these fields do induce cu~fents ùi the body. Magnetic flux density is a 

measure of magnetic field strength per unit area and is quantïfied by uni& of tesla or 

gauss. In contrast to electric fields, power fkquency magnetic fields easily penetrate the 

body and in general are not easily shielded. Cumnt thinking is that the magnetic fields 

are the most biologicaliy active. 

In residential settings, the elecrric and magnetic fields vary temporally and 

spatially, making the measurement of human exposure difficult and cornplex. 

The ability of epidemiologic research to assess the relationship between cancer 

rïsk and exposure to elearic and magnetic fields (EMF) is vny dependent upon the 

quality of the exposun assessment. The literature is reviewed by exposure circumstance, 

residential or occupational, and by subject, children or adults, with attention paid to the 

way in which EMF measuements were made, 

Residen tial Studies 

In 1979, Wertheimer and Leeper reported a statistikly signifiant two- to 

threefold increase in leukaemia mortality in Denver, Colorado among children in 

residential proximity to wiriag of high-cument configuration (Wertheimer and Leeper, 

1979). Exposure to EMF was assessed indirectly accorduig to what has corne to be 

known as the " Wertheimer/Leeper wire code". This code refers to a categorization of 

electrical wiring of power lines close to residences accotding to the numba of conductors 



and their diametersF location of transfom~s and service drops as weil as the distance of 

the conductors h m  the home. A 'dose rtsponse' relationship was observed for homes 

with higher cumnt configurations. Factors such as social class, rrafnc density, type of 

neighbourhd (-ban versus nual) which the authors thought migbt k related to either 

the risk of leukaemia or magnetic field cxposure were also taken into account. Fulton et 

ai. (1980) attempted to replicate the study by Wdeimer and Lceper in Rhode Island 

with respect to only childhood leukaemia- No association was found but there was some 

indication that the replication of mcanmment methodology was notas close as originaliy 

ciaimed. 

Subsequent studies accomplished some refhement of the wire code by includüig 

more comprehensive mcasures of the distance h m  the power h e s  or electncal 

installations and taking into 8ccomt iïne loading. Power iines must be within 

approximately 100 metres for their effects to predominate over those generated in the 

homes by household wiring and appliances. Uaforninately these studies did not use 

identicai 'sources' of electric and magnetic fields nom which distances were measured 

making direct cornparisons difficuk 

Myers et al. (1990) studied childhood cancers in Yorkshire, England (19704979). 

No association between childhood cancer and proximity to overhead power lines for a 

child's residence at birth or for exposure to magnetic fields as calculated on the basis of 

line-network maps and load records was observed. The authors acknowledged the 

study's Iunited ebility to detect an excess risk should one exist in those exposed to high 

levels of 'exposure' as few addresses, for cases or controls, had background levels of 

calculated magnetic fields exceeding 0.0 1 pT. 

In a case control study of childhood cancers in Sweden alî cancers and cancers of 

the nervous system were found to be associated with proximity to 220 kVolt traiismission 

lines and with rneasuted rcsidentid magnetic field mePsurcments z0.3pT Comenius et 
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al., 1986). No excess nsk was observed for childhood leukaem*a but a statistidy 

significant excess ofbrain cancer was found. EMF cxposure was considered for both 

birth residence and residence at the time of diagnosis- Controls apptaiod to be more 

residentially stable than the cases in this study but it was not possible to assess how this 

might have biased the resuits, ifat all. Exposures to magnetic fields wcre assessed 

according to distance to electrical conductors and h m  calcdations of magnetic fields 

fiom the source. Potentiai caafounders were not considemi in the analysis of this 

association- 

Savia et ai. (1988) introduced m e r  improvements in exposure assessrnent of 

magnetic fields by carrying out point-in-time measurements as weii as wire code 

uifonnation in a case control study of incident childhood cancers arnong children in 

Denver, Colorado. Cases were those chiidren diagwsed at 0-14 years and controls 

matched by age and sex were selected through random digit dialing to achieve fÙrther 

matching in tams ofresidence in the same telephone exchange area at the t h e  the case 

was diagnosed. Of the 70% eligible cases, oniy 36% had measures of magnetic fields, 

whereas measurements were available for a substantally greater proportions of controls. 

Wire codes denoting high current configurations were correlateci with higher measured 

magnetic fields within the home. However, wire d e s  associated with higher magnetic 

fields were more common among case than control homes. Odds tatios for total cancers, 

leukaernia and brain cancer, showed an association with wire code but not with the 

measund magnetic field exposures. The authors suggested that this might be due to the 

imprecise manner by which a cumnt and point-in-time measurement predicts past 

exposure which is potentialiy the relevant etiologic exposure sought. They reasoned that 

wire codes are more stable ovet t h e  and thus might "better approximate historical field 

levels". Sa* concluded that the data was "more supportive of a positive gradient 

relating to midential magnetic field expo~um to childhood cancer risk then the absence 

of such a relationship". Aithough Sa*' conclusion related to aii  cancers, he fiirther 

claimeci that any Wnds or excesses obsetved showed a clearrr pattern for leukaexnia 



London et al- (1991) also tricd to impmve upon the measurement of EMF in their 

case control study of chilcihocd Ieukaemîa canïed out in Los Angeles County, Californiia 

Three exposure measurrs were used: 24-hour magnetic field measurements in the child's 

bedmom, spot measufements ofelectrïc and magnetic fields and wUing configuration as 

defined by Wertheimer and Lceper- A w~s igd i can t  association was observed between 

direct measures of magnetic fields and leukaemia (OR=l.69,95% CI 0-714.00) and a 

statisticaiiy signifîcant association (OR=2.15,95% CI 1.08-4.28) for lculacmia Nk and 

exposure according to the Wertheimer-Leeper high current c o n f i ~ o n .  As with some 

previous stuâies, this study was compromised by its abilîty to obtain EMF measurements 

for only haif of the eligible cases and by other possible biases such as residential stability 

and housing characteristics which were not taken into acwunt. Aithough the association 

of Leukaexnia risk with wire code was similas to that reporteci by Savitz et al. (1988) the- 

mean magnetic field meanaements associateci with wire code in Los Angeles were lower 

than those observed in Denver- This together with the unexplained seemingly wide 

discrepancy between 24-hou and spot measurements in the London et al. (1 99 1) study 

M e r s  the question of what wire codes actually mean. Recommendations for m e r  

work were made which would clarify the possible effect of selection bias by assessing all 

eligible subjects, not just those who participateci, md which would help determine 

whether the lack of association with direct mcasurements was due to measurement error. 

'Rme Scandrnavîan studies relating magnetic field exposures and childhood 

cancer were published in 1993. The important distinction ofthe study in Sweden by 

Feychting and Ahlbom (1993) was their attempt to improve estimates of historical 

magnetic field exposures at the time of diagnosis using power line load data. With this 

calculated estimate of magnetic field exposure, signifïcant associations with Ieukaemia 

risk were obse~ed with the highest level(0.3pT) of exposure (OR=3.8,95% CI 14-9.3)- 

However, no associations were obsemed with contemporary exposures whethcr measund 

or calculated, findings consistent with those of Savitz et al. (1988) md London et al. 

(1 99 1). The authors have suggested that calculated historical fields wcre reasonably good 



predictors of past expo- and reasoned that the Yack of an k i a t i o n  with spot 

measurements is consistent with the assiimption that fields assessed through 

contemporary, short-term measurements are poor predictors ofpast exposure". In 

Denmark, Olsen a al. (1993) rcported sisnificmt associations of dl "major types of 

childhood cancer combineci and exposure to magnetic fields nOm high voltage 

installations of 2 0.4pT.". A pooled analysis of these two studies confirmeci the fïndings 

of the components, showing an increased risk of childhood leukaemia (OR=S.l, 95% CI 

2-1-12.6) in relation to magnetic fieId levels of 2 05pT (Feychting et aI., 1995)- In a 

Finnish cohort study investigaihg cancer risk, VerkaSalo et al. (1993) found no evidence 

of an increased risk for leukaemia, or for ai l  cancers, in children living close to overhead 

power ünes. An elevated odds ratio for nervous system tumours for boys was observed 

with magnetic fields 2 0 . 2 6  However, the small numbers and the fact that one boy had 

three primary turno~us of the nervous system necessitates that the msults be quaiifïed. 

A case control study ofchiIdhwd leukaemia in Germany designed to test several 

etiologic hypothests indicated an elevated but non-signifïcaut association baween high- 

level exposure (0.2pT) and an i n c d  risk of developing leukaemia based on 24-hour 

measurements of electric and magnetic fields in the bedroom of residence where the child 

had lived the longest and spot measurements in residences in which the chiid had ken 

living for more than one year before diagnosis. nie increaseà risk was based on only 

four leukaemia cases. This dong with the fact that only 1.5% of the study population 

was exposed to magnetic fields > OlpT weigh against the claim of a dennitive 

association (Michdis et al,, 199?). 

A nested case control study assessing cancer risk among chüdren and proximity to 

high voltage power lines in Norway found no association with leukaemia or brain cancer 

but did find an excess risk for "other cancer sites" in relation to residences 50 metres 

fiom these lines. Howevcr, the numbers were smail and fïrm conclusions were not 

possible (Tynes and Haidorsen, 1997). 



The most recently published case contml study evaluated acute lymphoblastic 

leukaemia in relation to winng configuration and 24-hout measurcments of magnetic 

fields in the chilâ's bedroom, and magnetic field point-in-tirne measincs in three to four 

other rooms and just outside the fiont dwr in the chiid's residence &inet et ai-, 1997)- 

Measurements covereâ a substantial proportion (95%) of defineci rcfercllce period for 

77% of the subjects. Slightly over 200 cases were eiigible for the analyses of summary 

time weighted averages of magnetic fields in the home, akhough the study enrolled 

substantially more. Quartiles of exposure to magnetic fields w m  defined apnori- When 

applied to those subjects eiigible for the summary averages ofmagnetic fields in the 

home, a substantial proportion ofsubjec% (45%) were exposeci to magnetic field levels of 

less than 0.065pT. The authors concluded that theirfindings provideci iittle support for 

an association between leukaexnia and the rneasured magnetic field exposure in the 

child' s home@. However, fkher subdivisions of the upper exposure quartile showed 

that one level of exposure (0.40-0.49pT) was associated with a significant increased risk 

in both the unmatched (OR=3 .28,9S% CI 1.15-9.89) and matched (OR=6.41,95% CI 

1.30-3 1.73) analyses. For the highest level of exposure (r O.SpT), simila. elevations 

were not observed either for the unmatched (OR=1.41,95% CI 0.494.09) or the matched 

(OR4 -01,95% CI 0.26-3.99) analyses. While the stated conclusion cited lack of support 

for a nlationship with measured magnetic field expasutes and the risk of leukaemia, it 

would seem that insufficient numbers were available in the exposai category to 

demonstrate a nsk should one exia Linet et al. (1997) also found no evidence of 

increased risk of leukaemia with increasing wire code. Random digit dialing was used 

for the selection of controls accotding to the first eight digits of the telephone number. 

Depending upon how telephone numbers are assigned within the areas studied, it is 

possible that this has introduced some matching by neighbourhood and hence by wire 

code. This may partially explain why there was no evidence of an association with wire 

code. 



There are fewa studïes relating to adults- Wertheimer and Leper (1982) 

attempted to repIicate and to improve upon the methodology used in their original study 

of childhood cancers in an adult population in Denver, Colorado. They found statistîcally 

significant associations for ai i  cancer mortaiity, cancers of the nervous system, utem and 

breast and for iymphomas with increased exposure to electric and magnetic fields 

assessed by wiring configuration. A major problem with this study related to the fâct that 

those carrying out the exposure assessrnent were not blind to the case conttol status of the 

subject and hence might have biased the rcsults. 

Coleman et al. (1989) used distance between residence and overhead power lines 

and electrical installations as well as a measure of the dculated magnetic field over a 

three-year period to evaluate addt leukaernia incidence in southeast England. A non- 

significant elevation in risk due to leukaemia in dation to nsidentiai exposure to EMF 

f?om power lines and transformer substations was found. However, the authors cautioned 

that the study had limiteci statistical power (less than 80%) to detect even a threefold 

excess in risk in relation to proxîmity to overhead power lines. 

A retrospective population cohort based study was undertaken by McDowali et al. 

(1986) in East Anglia, England, examining cancer mortality for all ages in relation to 

distance fkom overhead powet hes  (30 metres) and h m  electricai installations (50 

metres). The only statisticaiiy significant hdhg  was an approximately twofold increase 

in risk of lung cancer for females with a dose response relationship evident for distance 

fiom electrical installations, 

Youngson et al. (1 99 1) studied haematological malignancies in Northwest 

England and Yorkshire using contr01s wtio were discharged k m  hospital. Exposures 

were assessecl according to distance h m  ovcrhead power hes  and caicuiated measund 

magnetic fields based on current load. No statistidy signifiant ~ssociations were 

obsemed although excess risk was seen for myëloid leukaemia 



Severson et al. (1988) iovesiigated population-based, registry-based incidence of 

acute non-lymphoblastic leukaemia (ANLL) in addts in western W8shington State in 

relation to wire d e s  comparable to those defined by Wertheimer and Leepa in the 

residence closest to the reference &te a d  the longest residence three to ten years before 

the reference date. Spot rneasuternents of magnetic fields were also made in several 

rooms in the home. There was no evidence of signifiant inmead risk with any EMF 

measurement. High wiring configuration was in fact associated with a decreased nsk of 

ANLL. 

The reported findings by Feychting and Ahiborn (1994) supported an excess risk 

of myeloid leukaexnia in adults ui relation to residentid magnetic fields assessed 

according to distance fiom power lines and by calculating fields generated by power h e s  

and using archivai information on üne curent to make histotical corrections, Excess 

leukaemia risk was observed for cumulative e x p o m  of 2.OpT-years or more during the 

15 years preceding diagnosis and distance of 50 metres or less k m  the lines. 

A retrospective cohort study design was used to compare observed and expected 

deaths arnong residents who had lived five yean or more in a section of Maastricht, 

Holland which had two 150 kV power ünes and one transformer substation (Schreiber et 

ai., 1993). Exposure was defined according to distance fiom power h e s  or substation, 

greater than 100 metres with associated measured magnetic fields of 0.1 - 1.1 PT. The 

referent was defined as less than 100 metres with magnetic field exposures of 0.02 - 
O. L 5pT. The standardized mortaiity ratios showed no associations between exposure as 

defined and those cancers with previously reported relationships with EMF. 

A study of residential exposure and adult cancers (leukaemia, brain and female 

breast cancer) in Taiwan (Li et al., 1997) showed a statisticaliy signincant increased risk 

of leukaemia with measured magnetic fields greater than 02pT (OR=1.4,95% CI 1.0- 

1.9) and with residential proximity (at time of diagnosis) of less than 50-metres to the 
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nearest transmission line (OR=2.0, 95% CI 1-42-9)- No evidence of risk was observed 

for the other two cancers studied- 

A reporteci study h m  Finland related to adults and found no evidence of 

increased risk of leukaemia although an excess of multiple myeloma in men and colon 

cancer in women was obsewed (VerkaSalo et al., 1996). Exposure wes based on 

calculations of the average annual magnetic fields similai to that used for the childhood 

study (Verkado et al., 1993). 

Electrical Appiiances 

Elecaic and magnetic field exposures associated with household appliances cm 

be high because of the close personal proximity with use. As an example, the magnetic' 

flux density of a hair dryer is 6-2000pT at a distance of thtee centimetres fiom the hait 

dryer whereas at a distance of 30 centimetres this range is <.O 1 to 7pT (National 

Radiological Protection Board, 1992; Mader and Peralta, 1992). Because magnetic fields 

are w t l y  attenuated with distance, electric blankets, electric razors, hair dryers, and 

water beds are candidate 'appliances' for evaluation of potential risk because they are so 

close to the body during use (Preston-Martin et al., 1988; Savitz et al., 1990; London et 

al., 199 1 ; Severson et ai., 1988). ûverali the evidence fÎom studies to date is inconclusive 

because the nurnbers of subjects associated with any increased risk are very small. Savitz 

et al. (1990) found a non-significant association (OR=1.7) for leukaemia risk and a 

significant risk for b& cancer (OR=2.5) associated with prenatal electric blanket use. A 

non-significant leukaexnia nsk was found with postnatal eV& to bedside electnc 

clocks. The authors cautioned against over-interpretation of these results in light of the 

small numbers and non-response rate. In the study by London et al. (1991) examining 

childhood leukaemia, significant risk (OR=282) at the 95% level was found with the 

regular (at least once a week) use of electric hair dryers and (OR=1.49) with black and 

white television use. These are the only WO studies examining appliance use' by children. - 
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OccupatïonaL Stadics 

The early reports of associations between cancer nsk and electrïc and magnetic 

fields were based primarily on proportional mortality stuclies ushg job titles as smgate  

indices of exposrne to electrïc and magnetic fieIds. Collectively, these "electrical 

occupations" were associated with increased risks of 1eukacmia andor brain cancer 

(Milham, 1982; Milham, 1985; Calle and Sa* 1985; Savitz d Caile, 1987). In 

addition to the imprecision and potential for misclassification associated with the use of 

job title as a surrogate for exposure, the job title was fkquently tbat derïved from the 

death certificate and hence gave no information about the individual's work history. 

Death certincate based studies were fûrther îimited by the lack of specinic diagnostic 

information about the malignancy. In general, elevated risks have k e n  seen more 

consistentiy with acute myelogenous leukaemia than for al1 leukaexnias, but histologie 

type is often not reporteci on the death certifiate and thereby undemiines the specificity 

of such studies. 

Numerous occupational studies followed, each showing general improvement in 

study design but still rehcted in exposure assessment by the use ofjob titles to infer 

exposures to electric and magnetic fields. More recent studies have shown fiirther 

methodological improvements in terms of exposure assessment and case ascertainment 

(Flodenis et al., 1993; Theriault et al., 1994; Miller et al., 1996). 

Floderus et al. (1993) carried out a population-based case control study of 

1eukaernia.incidence and brain cancer in Sweden. Measurements of magnetic fields 

denved fkom a personal monitor wom for a representative day in the work environment 

with a focus on those jobs or tasks held the longest durhg the ten year penod before 

diagnosis. Adjuments were made for potential confounders such as benzene, ionizing 

radiation, pesticides, solvents, smoking. A dose response relationship was observed for 

al1 leukaemia and for chronic lymphocytic leukaexnia with statistical signifiaince attained 

at the highest exposure levels. There was no association with acute myelogenous 
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leukaemia Elevated nsks were also found for brain cancer with statisticai significance 

attaiaed, but not necessarily in the highest exposure leve1- 

Sahl et al. (1993) examinet3 leukaemia, brain cancer and lymphoma mortality 

among workers in a US electric power utifity in relation to measured magnetic field 

exposures and also to employment in elecûical occupations defïned as "exposed" a 

priori. Using both a cohort and case control approach, no excess risk of any cancer site 

under study was obsemed- However, the study was Iimited by its size and statïstical 

power and, in spite of the improved exposure assessment, oppOrtunities for exposure 

misclassification remained. 

It was not until the studies by Theriault et ai. (1994) and Savitz et al. (1 995) of 

electric power utility workers that signifiant advances were made in exposure 

assessment. Cancer incidence was investigated for a study of electrk utility workers 

fiom Canada and France for the period 1970-1988 ushg a nested case control study 

design. Current workers, selected according to job title, wore personal monitors which 

measured electric and magnetic fields. Ushg these measurements and a work history, a 

job-exposure rnatrix was created and appiied to cases and controls in each of the 

participating utilities. The investigators also attempted to control for possible 

occupational confounders, a deficiency noted in most of the earlier studies. For two of 

the utilities, case ascertainment was based on cancer registration in the province and this 

contributed hprtantly to the completeness of ascertainment and to the acquisition of 

histologie information. An effort was also made to apply historical corrections where 

there was idonnation to suggest that the exposures in the respective companies changed 

over the time period of study. A statisticaliy significant association was o b s e ~ e d  for 

acute non-lymphocytic leukaemia and specifically for acute myelogenous leukaemia: the 

excess risk was most pronounced in the Ontario Hydro cohort but a h  apparent in the 

Hydro Quebec cohort as al1 cases of acute myeloid leukaemia (n4) were confined to the 

exposed group and as a result the reported odds ratio was undefined. 
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In 1995 Sa* et al. rrported on the mortality emence of five US utilities. 

Personal monitois were wom but unlike the Canada/Fmce study, yielded only one 

measurement of the magnetic field per worker, a time-weighted average exposurr. An 

association was observed with leukaemia for electricins (OR=2.5,95% CI 1 -08-5.76) 

having 20 or more years of employment and a statistïcaîiy sirmifiaint excess of brain 

cancer mortality (OR=2.3,95% CI 1.15-4.56) was associated with mgnetic field levels 

of 24.3pT years. The findings relating to brain cancer showed a significant trend of 

increasing nsk with increasing exposure to magnetic fields. 

Until recently, magnetic fields have been the primary focus of the occupational 

studies, indeed al1 epidemiologic studies- However, never has the effect of electric fields 

been systematicdy demonstrated and dismissed as noncontributory. Rather, it has been 

assumed that because electric fields generated naturally w i i  the body exceed those 

from extemal sources, the latter could not be potentiai contributors to the associations 

which have been observed in epidem-ological studies. Notwithstanding this claim, in a 

study of Ontario Hydro workers, Miller et ai. (1996) r a i d  the possibility that electric 

fields might be more important than magnetic fields with respect to occupational 

exposures and leukaemia risk. An odds ratio for al i  leukaemia of 4.5 (95% CI 1 -01-19.7) 

was reported for electric field levels 2345 voltdmetre-y-. Further, the authors also 

reported evidence of an interaction between electric and magnetic fields (OR=11.3,95% 

CI 1 -52-84.3) for electric field exposure 2345 v/m-years and magnetic field exposure 

27.1 pT-years, with the electnc field component behg dominant in the contribution of 

excess nsk. Whether this statistical interaction is relevant biologically is not known at 

this tirne and needs to be explored in laboratory studies and M e r  tested in 

epidemiological studies. 

Guenel et al. (1996) also reported findings which pointeci to occupational 

exposures to electric fields. Among French electric utility workers i n d  d s  ratios 

for brain tumours which were statistically signifiant at the highest exposure level 



Chapter 2 19 

(OR=3 .08,95% CI 1.08-8-74) and for those wiîh employment of 25 years or more were 

observed, There was no evidence ofincreased risk of leukaemiia with electric field 

exposure. The authors cautioned that the unexpectedly elevated odds ratios for colon 

cancer, not previousiy associatecl with electric and magnetic fields, n d e d  to be 

confirmed by other research. 

"Overall, the most ment studies have increased rather than di'minished the 

likelihood of an association baween ocnipatioml exposure te electric and magnetic 

fields and cancer, but they have failed to establish an association with a high degree of 

certainty" (Committee on the Possible Effects of Electromagnetic Fields on Biological 

Systems, 1996)- Failure to reach certainty may be due to the fact that the biologically 

reIevant exposure is not king rnea~ufed- The early studies were Iikely undermineci by 

both exposure and disease misclassification (Delpizzo, 1992; Savitz et al., 1993)- 

Cumulative exposure may not be the appropriate metric and more effort is required to 

estimate past exposures and to explore other exposures and time above a threshold It is 

possible that one summary metric is insufficient and exposure needs to be evaluated in 

several ways. 

To date only one study bas considered both occupationai and residential 

exposures to electric and magnetic fields (Feychtiag et ai., 1997). For adults especidy, 

who spend a large proportion of thek tirne away nom home and can be exposeci to high 

EMF in their work environment, and for whom the etiologic relevant period is potentially 

more extensive than for chïidren, it is important to attcmpt to estimate exposure fiom a 

totality of sources. The authors brought together in this study of leukaemïa and central 

nervous system tumours the exposure assessrnent methodoiogies b m  each of their 

previously reported studies (Feychting and Ahibom, 1994; Floderus et al., 1993). Modest 

increases in risk were observed for leukaexnia and exposure (0.2Cif) in the residentiai 

(OR=1.7,95% CI 1.1-2.7) and occupationai environments (OR=l.3,95% CI 0.8-2.2). 

The odds ratios were higher for myeloid leukaemia which is consistent with Jome studies 
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of occupationai exposures. Exposure to magnetic fields of O.2pT or more in both the 

residentid and occupational enviroments were associated with risk estimates for acute 

myeloid leukaemi*a of 3.7 (95% CI 1-5-9.4). Centrai nervous system nimours showed no 

association with magnetic field exposure- 

Summary of EMF Studies 

In spite of extensive efforts over a period of 20 years, no consensus has k e n  

reached regarding the carcinogenic effects of elearic and magnetic fields. Whüe there 

have been notable improvements in epidemiologic methods relating to case 

ascertainment, exposure assessrnent needs £brther =finement and the relevant exposure 

metric is as yet undefined. 

Studies to date have suffered fiom lack of specificity with respect to exposure. It 

is by no means certain that these epidemiology studies are measiiring the right parameters 

for EMF exposures. While consistency of reported risks by certain metrics of EMF is the 

most compelling argument suggesting a causai role for EMF, biologic plausibility is the 

weakest and a Entical argument against the existence of a causal relationship. Without 

detailing the cellular and animal studies to date, the point ofsignificance is that 

laboratory work has failed to dearly demonstrate a biologic mechanhm which might 

explain the epidemiologic findings. As a result thete have been few clues about the 

relevant exposure metrïc, ifany, to apply to epidemioIogic investigations. Nevertheless, 

by citing the contributions of the early studies of lung cancer and smoking carried out 

long before the speciflc toxicobgical effects of cigarette smoke were known and 

characterized, Stevens (1993) has remindecl us that "epidemioiogy can be conducted 

fiuitfiilly in the absence of a biologic rationale". 

The snidies of children present the enigmatic, but consistent, association between 

leukaernia and brain cancer risk and wire code. This association should not be Confiised 

with causality in iight of the snidies which have shown no risk, or an acutely aîtenuated 



nsk, with "mwurrd" magnetic fields Thm are, however, sufncient reasoas to 

question whether the fields as m e a d  are appropriate indices ofthe relevant etiologic 

exposure as they fail to accotant for changes over time, peak exposures or-the varying 

fields. 

While several studies have show measured magnetic fields do increase with 

higher wire configuration, the disparate associations ofthese two 'measures' observed 

with leukaemia risk have led to the specuiation that wire code may k a surrogate for the 

'me etiologic' agent. Research directed at a better understanding of the correlates with 

wïre code such as tranic density, housing density is undenway (Wachtel et al., 1996). 

Many of these potential correlates are related to socioeconomic statu. Wire codes have 

been tested in relatively few urban environments and there is a need to gather more 

information to determine ifthe 'presumed' meaning of wire code changes with the city. 

It has also been proposeci that wïre configuration is more stabie and as such may 

be a superior indicator of &tegrated exposure over time to point-in-time measurements 

(Savitz et ai., 1993). Wire code bas been the source of comparability between many 

studies and indeed wili remain so for this investigation. 

Measutes of exponae as distance nom electrical installations have not been 

particularly helpful in cl-g the relationship btween electric and magnetic fields and 

cancer. The Scandinaian studies of children and adule attempted to incorporate 

historical comctions with distance to better estimate l i f i e  exposures but ment work 

has suggested that these are at best predictive of exposure within the last five years 

(Kaune et al., 1996). ïhis recent work demonstrated that a significant increase in 

leukaemia risk is seen with calcdated exposure using historical iine load data and that the 

eEect is not seen using any 'curent' measufement that was tned. The authors found that 

the correlation betwcen the cumnt measured value of magnetic field and the dculated 

magnetic field ushg historiai Line loading data diminished to zen> as the historical data 
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extended back more than five years. This argues that studies ushg contemporary 

measurements of magnetic fields rnay not capture the relevant exposure of the child if the 

etioIogic period extends back m a .  years. 

In addition to the difficulties in interptetation posed by the different mmaho of 

EMF exposure assessment, potential selection and information biases may exist in several 

of the published childhood cancer residential studies and it is not possible to determine 

how this might have influenced the resuits. Jones et al. (1993) have suggested that the 

association between Win codes and chïldhood cancer might be explained by selection 

bias by imposing a cntenon relating to residentiai stability for the controls (Sa* et al., 

1988). By studying defhed areas of Columbus, Ohio, they found that "high wire codes 

were associated with homes in wbich the residents were mobile and low wire codes were 

associated with homes occupied by stable residents" . 

Differential non-participation of controls as hc t ion  of socioeconomic status was 

proposed by Gurney et al. (1995) as a possible exphnation of the association between 

wire codes and childhood cancer. "kir study in Washington State found that non- 

participants wete more likely to have lower income which was in tum found to be 

associated with very hi& wire coafiguration. The studies by Savitz et al. (1988) and 

London et al. (1 991) have the potential for this non-response bias. 

The studies of residential exponaes and cancer in adults generaiiy suggest no 

effect. However, in most studies measurements have been confïned to one residence 

(current) for which representativeness of lifetime exposure cannot be assumed. While 

this issue of studying only one residence is also applicable to children, it would seem to 

be even more important with respect to adults who have many more years for exposure 

opportunities to electric and magnetic fields and to known or suspected carcinogens both 

occupationally and residentialiy. In a recent review of adult cancers, Li et al. (1996) 

calculated the statistical power of these studies to detect a doubling of nsk with 'high' 



levels of residenaal expsiire. That only four studies (Coleman et ai., 1989; Youngson et 

al., 1991; Feychting and Ahlbom, 1993: McDowall, 1986) had power over 80% to detect 

such levels of ri& led the authors to conclude that "inadequate statistical power is more 

of a con- than bias in explaining the inconsistencies acn>so studles". The studies 

where no leukaem-a was demonstrated had a very d l  proportion ofthe population 

exposed to magnetic field levels of 0.2vT or more, however tfiat mcasuremcnt was 

denved. 

The studies of electric and magnetic field expomes and cancer rkk in workers 

present the genenc advantages of studying occupationally exposed p u p s -  The 

exposures of workers often can be more accurately measuted without bias as a result of 

records collected and retained for independent purposes and pnor to the onset of disease- 

However, exposues with respect to electric and magnetic fields in the work environment 

are very ciiffirent h m  exposures usually found in residential settings. Occupational 

exposures are typically higher and reflect wider ranges than those found in homes and 

generaiization nom occupationai to residential environments is not appropnate given the 

current state of knowledge. Moreover exposures in a tesidentid setting are comparatively 

uniform, whereas workers may move in and out of high fields throughout their workday 

or week. It is possible that mcasuring exposures in the workplace d o m  for better 

distinction between exposun ranges and as a result high expoms are more accurately 

characterizcd and an association detected. However in particuiar, the results associated 

with high exposures in the workplace cannot be generalized to the public. 

Occupational studies have tended to show an effect with exposure when a 

distinction was possible by histologie type with acute myelogenous leukaemia showing 

stronger associations. Higher risks have also k e n  observed with cancer incidence than 

with cancer mortality. 



Particulariy, but not exclusively, for aduits, bistoncal comctions rnay be 

important. Most ocaipationa1 studies have used cumnt exposures applied to current job 

titles. Recent studies have attempted to apply a comaion factor to accomt for changes 

over the,  however, there is no way by which the vaiidity of the c o d o n  can be 

assessed and as a result current measurements are used to eJiimateexposuresasmuchas 

50 years ago. 

Delpizzo (1992) highiîghted the suscepti'bility to misclassification by the use of 

job titIes as a surrogate of exposure. Miller et al. (1996) alluded to the possibility that 

fdure to consider work location in addition to job We and apnon* selection of job titles 

according to 'presumed' exposure to magnetic fields can attenuate rkk estimates. 

Given the ubiquity of electric and magnetic fields, continued research efforts are 

justified to clarify the carcinogenic or leukaemogenic potential of such exposures. While 

recog-g that children may be dinerentially susceptible and that pacdiatric cancers are 

generally regarded as very metent fiom ad& cancers, studying cancer in children offers 

the advantage of a shorter opportunity for exposure to electric and magnetic fields as weli 

as other exposures and therefore it rnay be possible that EMF exposures may be more 

accurately measured. Thece is also a need to contribute M e r  to the understanding of 

other possible risk factors for childhood leukaemia and to evaluate their possible 

contribution to the overall etiology of this malignancy. 

Studies of Other Known and Suspected Risk Factors for Chiidhood Ltukatmia 

The extensive study of paediatric leukaemia has confinned few etiologies but has 

suggested several worthy of further investigation, of which exposure to electric and 

magnetic fields is but one. For the most part, dl of the following have show either weak 

or inconsistent associations with childhood leukaemia, 



Genetics and Family History 

Perhaps because of the comparatively limited opportunities for envitonmental 

exposures among young children, childhood cancer research has wntributed more to our 

understanding of the genetic basP for cancer causation. Genetics appears to play an 

important etiologic d e  in childhood leukaexnia, The evidence for this is based on the 

observed associations between childhood leukaemmia and firmily history and with 

chromosomal abnormalities. 

There are a number of genetic syndromes, such as Down syndrome, Bloom 

syndrome, neurofibromatosis, Fanwni syndrome, ataxia telangiectasia, Shwachman 

syndrome, and Klinefeter syndrome, where childhood leukaexnia, particuiarly acute 

myeiogenous leukaemia, is weïi documented (Robison and Neglia, 1987. Shaw et al., 
- 

1992). It is widely recognized that Down syndrome is associated with a 10-20-fold 

increase in childhood leukaemia risk. The tendency for leukaetnia to aggregate in 

families who have a history of excess cancers suggests a genetic etiologic component but 

does not nile out environmental exposurrs which are more likely to be similar within 

families (Maklin, 1 960; Farwell and Flannery 1984; Heath and Molone 1965; Draper et 

al., 1977). 

Infectious Discase and Immunology 

Certain infèctious agents that the mother may be exposed to during pregnancy, 

such as infiuenni and chicken pox (Austin et ai.,1975), and that the child directly 

encounters f i er  birth have been implicated as ctiological. Viral infections at a very early 

age have been suggested as a causal cnterion for the early age peak of childhood 

leukaemia but the theorized m e ~ h ~ s m s  are divergent in direction. Some studies have 

suggested that infection at an early age increases the risk of childhood leukaemia, 

whereas others have proposeci that early exposures to c h i l d h d  in f ions  might reduce 

the risk (vanSteensel-Mol1 et ai., 1986). The latter relates to theones by Greaves and 

Chan (1 986) and Kinlen et al. (1 99 1). 
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Greaves postulateci that two separate events, the fïrst king a mutation in utero to 

pre-B cells and the second king postnatel exposure to an infcctious agent, are required 

for the leukaemia to develop. A delay in thïs second event might lead to overstimuiation 

of B-cells and increased ptobability ofleukaemiaa TransIated to non-medical or f d y  

circumstances this has ban o E e d  as an explmation of why firstbom children, those 

without younger siblings to contribute to the 'infectious disease buden In the household' 

and confer protection might be at increased risk of leukaemh, and those who attend 

daycare at an early age and thaeby are exposeà to many antigenic challenges are at 

decreased risk (Greaves, 1988; Petridou et al., 1993; Greaves and Chan, 1986; 

MacMahon, 1992). 

Kinlen's hypothesis, ahhough circumstantially mit, is similar in its 

underlying premise. M e n  propased that the rapid migration into previously 

unpopulated isolateci areas might bring the migrants into contact with infectious agents 

for which the population has no imrn&ty. This was suggested as a possible explanation 

of sorne excesses of leukaemia around nuckar powet plants for which radiation exposure 

does not seem to be biologically plausible (Kinlen, 1988; Kinlen et al., 1991) although 

the hypothesis =mains inadquately tested (MacMahon, 1992). 

Comprornised or deficient immunologic status has been associated with increased 

cancer risk in children. Rare immunodeficiency diseases such as ataxia telangiectasia and 

agammaglobulinemia are thought to increase risk of leukaem-a wersey et al., 1973). Of 

more general significance is immunologic status which has been assessed i n b t l y  

accordhg to vaccination status. Children with up-to-date imrn~zations have been 

found to be at decreased risk of childhood cancer (Hartley et al., 1988). Breast feeding is 

advocated as providing immunologic benefits to the child and in considering this 

possibility, Davis et al. (1988) have reported a pmtective effect of breast feeding with 

respect to leukaemia risk but other studies have shown no evidence of a protective effect 

(Magnami et ai., 1988; MciCinney et al., 1987). 



Ionizing Radiation 

Radiation-induceà leukaexda has been weil documented for high levels of 

exposure, such as those seen in the study ofthe atomic bomb survivors and patients 

treated with radiotherapy. The eff- of low levei radiation however, have not been well 

defined and controversy remains regardhg the nature and magnitude ofthe radiation 

effect derived by extrapolahahons fkom high radiation dose levels. Radiosensitivity is 

known to vary with age, with those at younga ages king at greater cancer risk than those 

at older ages. In utem exposurcs to x-rays for diagnostic and therapeutic purposes, 

particulariy in the first trimester, seems to be an established Ieukaemogen but such 

exposures are thought to be responsible for very few cases of chiidhocd leukaemia 

Preconceptional exposure to ionïzing radiation in the father has also been implicated as a 

possible cause of childhood leukaemia (Gardner et al., 1990) but not substantiated. 

Residential proximity to nuclear power plants thought to be associated with elevated 

radiation exposure have ken extensively studied with respect to childhood leukaemia 

with no resuiting consensus. From population meiIIance of those exposed to radiation 

as a result of the Chemobyl nuclear power accident in 1986, childhood leukaemia cases 

(and childhood thyroid carcinoma), particularly in Belarus, are king detected, although 

firm estimates of risk have not been established and are the focus of ongoing tesearcb 

efforts (Kadhim et al., 1992)- 

Parental Exposures 

For young children, indirect exposures may occur coùicidentally by proximity to 

their parents or other caregivers. Materna1 exposures to alcohol and cigarette smoke have 

been inconsistently associated with childhood ieukaemia (Severson et al., 1993; 

vanSteensel-Mol1 et al., 1985; Buckley et al., 1989). 

Fabia and Thuy (1974) first reported an association between occupational 

exposures to hydrocarbons in the father and cancer in young children. Since then 

numerous studies have hypothesized diffmnt p a t e d  occupational exposures, either 
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preconceptionally or postnatally. Implicated exposurrs for both fathers and mothers 

include solvents, paints, methyIethylkc~one, dyes and pigments, petroleum products, 

pesticides ionipng radiation (Vianna et al.. 1984; Shaw et al., 1984; McKuiney et ai., 

1991). 

Much work remains to identifj. actual etïologic exposures as studics to date have 

been limited by their evaluation according to ody  job t i b  whkh are highly non- 

specific. 

Factors related to the mother's reproductive history and circumtances relatuig to 

birth have k e n  studied extensively. nie reproductive history of the mother, notably 

spontanwus abortions, stillb'i and history of infertility, have been associated with an 

increased risk of acute lymphoblastic leukaemia (van Steensei-Moll et al., 1985; Kaye et 

al., 199 1). The research is inconclusive but if the effect is mal, both environmental and 

genetic factors might k rrsponsible. Advanced materna1 age, while taking into account 

risks associated with Down syndrome, has also been observeed not only for Ieukaemia but 

also for other childhood cancers. 

Elevated weight at birth (>4000 grams) has km observed with more consistency 

than other hypothesizcd agents or circumstances in leukaemic children with the effect 

behg more pronounced with diagnosis at a very early age (pobison et al., 1987; Kaye et 

al., 1991; Zack et aI., 1991). 

Zack et ai. (1 99 1) fouad a relationship between leukaemia and the administration 

of nitrous oxide for anaesthesia during delivery and also of oxygen to the newbom. 

Other Chiidbood Exposum 

As children grow older and assume more independence, the opportunities for 

personal exposms which a& distinct b r n  their parents increase. 



Chapter 2 29 

Savitz and Feingold (1989) hvdgattod traffic density as a possible surmgate of 

exposure to motor vehick exhaust and found a non-signifiant Ieukacmia risk. The 

hypothesis may also have devance to the reported associations ktwan leukaemia and 

wire code as f h t  defïned by Wertheimer and Leeper (1979). 

A number of studies have hvestigated medication use but dcmonsüaîed 

associations have ken iimited. Chloramphenicol and p w t b  homione (Shu a al; 1987) 

are among the few medications which have been rciated ta Ieukaemia nsk- 

Several studies have shown pesticides to k associated with Icukaem*a in young 

children. As for ionking radiation, it has ken suggested that young chüdren might be 

particularly susceptible to such chernical agents Venske et al., 1990). I n c d  nsk of 

childhood leukaemia has been associatecl with household @cide exposures by 

Lowengart et al., 1987; Buckley et al., 1989; Infante et al., 1978; ~ e i s s  and S a m  1995. 

However, the non-specific epidemiologic Uiqujr of mch exposurts together with the 

potentid for recall bias justifies cautious interprctation of the findings which have been 

reported with moderate coasistency. 
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METHODS 

Study Design 

This is a population-brssd case control sbuly design with cases 8sCertained 

through the Hospital for Sick Children in Toronto and controls randomly sekcteâ fkom 

the general popdation of the defineci exclusive catchent area for the hospital. 

Defiaition of Shidy Catchment Aru 

The Hospital for Sick Chilcireri is the major childrcn's hospital in southern 

Ontario and is a medicd institution of internationaI renown. Approximateiy 65% ofthe 

newly diagnosed chiidhocd cancers in the province of Ontario are diagnosed at this 

hospital (Paediatric Oncology Group ofontario, 1992). That the cases may k 

considered population-based for the defincd catchment arra and that they have been 

completely are reinforced by the characteristics relating to the refed 

patterns for the hospitai which reflect its diagnostic expertise. 

The geographic profile of leukaexnia diagnoses made at this hospital extend to 

residents province-wide and even across provincial and national bomdaries. As the 

Hospital for Sick ChiIdren was the source of cases, it was. necessary to define, for the 

purpose of this study, a geographic area which would equally represent the source 

population for cases and conaiols. 

The Pacdiatnc Oncology Group of Ontario (POGO) maintains a registry of ai l  

new paediatric patients seen ai the five children's hospitals in Ontario who w m  less than 

18 years of age at the t h e  of diagmsis. The registry covers the years 1985 to present 

and contains information relating to age and date at diagnosis, sex, race, cancer site, 

stage, histology, tumour behaviow (malignant, benign and unspecified), physician, 

treating institution and geographic area defined for Ontario by District Health Councii 

boundaries and scparately for those who are not Ontario residents. The POGO registry 

has undergone cross-checks with the Ontario Cancer Registry for a two-year pcriod (1990 
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to 1991) to compare and reconcile the completeness andaccuracy of reporthg for the two 

data bases. The results of tks reconciliation con- that the reporthg of leukôcmia 

diagnoses in the POGO registry for the age group uadcr study was comprehensive and 

accurate (Greenberg, 1997). The registry vhs  used as the starting point for the 

delineation of the catchment area for this study. 

Leukaernia cases were identifieci fiom the POGû rrgistry ushg district health 

wuncil Information and the îïrst three digits of the postal code. From this information 

plots ofleukaernia diagnoses accotdiag to the hospitai at which the diagnosis was made 

and district health council were available- District health corncils coincide with censui 

county boundaries. Those district health comcil areas where the Ieukaemia cases were 

diagnosed exclusively at the Hospital for Sick Children and which were geographically 

adjacent to Metroplitan Toronto comprised the catchment area for the study. District 

health council areas where cancer diagnoses originated fiom more than one paediatric 

hospital, of which the Hospital for Sick Children was one, were not included because a 

corresponding area for wntrol selection couid not be identined. For example, Halton 

County was not included because some leukaemia diagnoses w m  made at the Hospital 

for Sick Chiidren and some at the McMaster University Medical Centre and therefore it 

was not possible to define a geographic area which would exclusively represent a source 

of controls for the respective hospitals. Also excluded w m  northem Ontario areas where 

diagnoses were made exclusively nom the Hospital for Sick Children because the 

geographic distance precluded exposure measurements. Thus, the catchment area was 

defined as Metroplitan Toronto and the counties of York, Durham and Peel. Al1 

leukaernia diagnoses in these areas were made at the Hospital for Sick Children. 

Case Ascertainment 

Cases were of either sexy dive or deceased, atnd diagnosed between birth and 14 

years, the traditional delineation of the paediatric period. Cases were ascertained over a 

nine-year period, Jmuary 1985 to December 1993 inclusive. Cases under the age of 12 
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months were on ily included for the pend March 1,1988 to December 3 1,1993, as the 

cases diagnosed prior to this the pCnd w m  the subject of another study and the 

treating physicians felt that it was inappropriate to approach the family again regarding 

another study. Cases were resident in the catchment area at the time of diagnosis. Aii 

types of leukaexnias were included. Even though t h e  are M i n c e s  in &val factors 

and potential etiologic factors, ali histologie sub-types of leukaexnias were studied to 

guard against the exclusion of a subgroup for which an association wïth a certain 

exposure might be considered. The inclusion criteria are summatized as foiiows: 

Age at diagnosis 

Sex 

Source 

Catchment Area 

Year of Diagnosis 

O -  l4years 

Males and females 

Haspitai for Sick Children 

Must have resided at the time of diagnosis in: 
Metroplitan Toronto 
York County 
Durham County 
Peel County 

1985 - 1987 (ages 144) 
1988 - 1993 (ages O 44) 

There were no exclusion criteria. 

Approach to Cases 

Children diagnosed with leukaemia were ascertained initialiy fiom the POGO 

registry in accordance with the inclusion cnteria for the t h e  period of study. M e r  

identification of the relevant cases h m  this source, the POGO registry and hospital 

records were reviewed for current address information. Some cases had moved out of the 

catchment area since diagnosis. If the relocation introduced geographic disuince which 

prevented contact with the family (eg. family moved to England, Malaysia, etc.), these 

individuals were not approached. 
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In accordance with the protocol approved by the Department of Public Hedth 

Sciences (formeriy the Department of Preventive Medicine and Biostatïstics), the 

Scientific Review Co-ttee of the Hospita1 for Sick Ch3dren and the Office of 

Research Administration of the University of Toronto, the fht contact with the case 

parent@) or the case was with the treating (or aitemate) physick cit the Hospital for Sick 

Children. This approach was considered appropriate in order to reinforce the hospitai's 

involvement with the study, to ensure continuing contact with the treatiag physician for 

those cases for whom d e f d  was requested and to a v d  the study investigators ofthe 

treating physician's and chic nurse's knowledge of family and/or patient circumstances 

which might inauence participation in this study. 

Lists of cases for each treating physician were distributeci to that physician for 

hidher approval to approach the case family regarding participation in the study. 

Physician responses consisted of three possibilities: not to approach, delay approach or 

proceed with appmach. 

If the approval to prooced was indicated a letter was sent to the case f e l y  nom 

the physician explaining the nature of the tesemch and asking if they would permit their 

name to be given to the research staffat the University of Toronto so that they may be 

contacteci directiy about the study. It was explicitly stated that their participation was 

entirely voluntary and their child's care would not be affecteci in any way ifthey chose 

not to participate. A consent card was enclosed together with a self-addressed envelope 

for reply. There were some cases who were approached dinctly in the hospital clinic and 

who provided verbal consent. 

To overcome potential language barriers, the letter h m  the physician was 

translated as required into three languages, Cantonese, Portuguese a d  Spanish. 



FoUow-up letters were sent by the treatîng physîcian to those case fimilies who 

had not prevîously responded and in some instances the data managerlcoordinator at the 

hospital approached the families directly when they came to the clinic to con- 

wiliingness to be contacteci by the University about the study. 

Each case where defenal was requested, was re-considered for approach 

throughout the study, until such t h e  when the study was decmcd 'closed'. Hence* for 

some cases, time constraints prohi'bited te-approach- The request for '"defemd 

approach" was reversed in some cases during the course of the study. 

'Ihere are some cases who initially agreed to be approached by the research team 

at the University of Toronto and for whom contact could not be made. The hospital had 

also lost contact with these families. 

Control Selection 

The airn in the selection of controls was the identification of a population 

representative of that fiom which the cases arose (Wacholder et al., 1992a; Miettenen, 

1985). Identification of a population of children in the ages 0-14 years was a major 

challenge given the avenues available within the province of Ontario. In Ontario, no 

means exists by which to identifi/ a fully enumerated gmup of children comparable to 

those in the age group of this study. As such, it was necessary to design a means by 

which children could be randomly selected h m  the population. A stepwise/layered 

approach commencing with Teledirect Marketing Lists was adopted. 

Teledirect Marketing Lists which consist of published residential telephone 

numbers are available for purchase fiom Bell Canada. The lists do not include unlisted 

telephone numbers and are intended to exclude busilies numbers and residential numbers 

where a wrîtten request has been received nom the subscnber for his/her telephone 

details to be removed fiom these lists. Lists are updated monthly. 



Although telephonedependent, these lists are superior to random digit diaihg 

because they contain address infionnation in addition to nrmie which will ailow for a more 

penonalized approaeh while also providùig a means by which to beacr assess the 

characteristics of potential non-respondents (Greenkg¶ 1990). As the lists do not 

include unlisted nubers¶ which are estimated to compnCse 10% o f d  urban residentid 

telephone numbers, there is a need to evaluate comparability of the cases and contcols 

with respect to their eligibility for inclusion (Wacholder et ai., 1992b). According1y, ai1 

study participants were asked during the interview whether or not their telephone number 

was unlisted and whether they had ever requested that their name be removed fiom a 

teledirect marketing lih 

Postal codes which comsponded with census districts or district health council- 

boudaries were identifie& It was necessary ta include some postai codes where there 

was overlap with areas outside the catchment, but these were few in number. When a 

telephone number belonging to a residence which was out of the catchment area was 

identified through the contml selection process, it was removed fiom the sampling M e  

for controls. 

In Febcua~y 1992 a list was purchased containing 10,000 names representing 

residential households selected at random h m  the Bell Canada Teledirect Marketing 

Lists. Six thousand nmes  werc h m  the Metropolitan Toronto area as designated by 

postal codes commencing with "M" and the remaining 4,000 names were selected fiom 

specified postal codes which comsponded with ceLISUS/disttïct health wuncil boundaries 

in the defineii catchment area. The proportion of numbers sarnpled for Metroplitan 

Toronto and non-Meroppolitan Toronto in the catchment area was based on the known 

populations less than 14 years of age derived fmm published census statistics. The lists 

contained name, addnss and telephone number- 



Telephone numbers wcte selected at nindom h m  these lists and d s  were made 

for the sole pinpose of inquiring whether the resiCdent had càildren born in the years 1970 

to 1993 and if so, the sex of those children. It was explaineci to the respondent that this 

information wouId be entered into a data base, and that ifat a later date, their chitd was 

randomly selected to match with a case chiId, they would k spproached regardhg 

participation in the shidy. Inqujr was therefore made of the respondent's willingness to 

be contacted again. Using this approach, the idionnation relating to date of birth and sex 

was entered into a data base thereby creating a "rnini-census" of children of ages relevant 

for the study. When a child with a particular bîrth year was needed, the data base was 

accessed in a random manner to obtain the name and address and a letter was sent 

describing the study. Approxhately one week later, telephone contact was made. Only 

one control pet family or residence was selected. 

Over a 24-month period a total of 4,180 wntacts were made using telephone 

numbers randomly selected h m  the Teledirect Marketing Lists. For those numbers 

where contact muid not be made on the first attempt, a pre-determined algorithm for re- 

approach was followed. A minimum of 10 atternpts were made at dinetent times of the 

day and different days of the week. Of the 3,299 for whom a response was directly 

obtaineà, 34.6% (n=1,142) had children in the eligible age range for the study. Of this 

total 96.4% agreed to be contaicted again and to be part of the "minicuisus" which they 

understood would comprise the iist h m  which the wntmls for the study were to be 

selected. 

Two hundred and t h e  refiwd to provide the requested information and it was 

therefore not clear whether or not the household had cbildren of eligible age. In addition 

to these direct refiisals, information could not be obtained for 368 telephone numbers for 

a variety of reasons which included, no response (a fk  following prescribed algorithm), 

answering machine only, language M e r ,  wrong number, written request needed. If the 

telephone number no longer belonged to the name identifieci in the teledirect Lists, the 



current resident was asked the same questions or attempts were made through directory 

assistance to fhd the new telephone number and make contact. 

Tt could be assumeci that those numbers for which contact was not successfUI in 

addition to the teiephone numbers where there were direct refbsals did not diffi 

proportionately fiom those who did directly respond with respect to eligible children. 

Using this assumption and in the absence of a clearly enurnerami denominator or study 

base, a total of 198 cligible children might have been omitied h m  the "mini-ce~lsus~~. If 

those for whom contact could not be made were less Iikely to have children, this number 

would be an overestimate. There were reasons to suggest that this might be so as some of 

the incorrect numbers belonged to businesses andlor were fax numbers. 

Apart h m  mpecting the boudaries of the catchment area there was no attempt 

to match according to any geographic variable as this could coIiStitute ovemuitching with 

respect to the exposure of primary interest Cases were ùidividually matched to the 

controls according to birth year and sex. In aU instances a control child of the same sex 

was located- Birth year was matched within 12 months. Two controls were seiected for 

each case. 

Previous population-based case control studies of childhooci leukaemia and 

exposure to electric and magnetic fields (Sa* et al., 1988) have been cxiticized (Poole 

and Trichopoulos, 199 1 ; Jones et al., 1993) b u s e  of the imposed criteria for the 

selection of controls and the mlated opportunity for differential mobility between cases 

and controls which rnight have introduced bias. To avoid such potential bis, controls 

should be selected according to comparable eligibility criteria fiom sampling frames 

which reflect the dates ofdiagnosis of the cases- As previously explained, no meam 

exists in Ontario by which this comparability could be readily achieved. The teledirect 

marketing lists were appmximately cm&t to the time of pwhase and did not 

necessarily reflect the dates of diagnosis. It was thought apriori, however, that the 



inability to select conternporaneous controls would not be a problem in terms of 

dif5erentia.i mobiüty and potential wlection bias because those individds no longer 

resident in the catchment area at the time of samphg, but who would have been eligible 

for inclusion and present for sampling in an eariier year of the ascertainment period, have 

been 'replaceci' by individuals for ihom thcre is no to assume their potential for 

mobility is different fiom those who have le& In other words, the assumption is, 

altho~gh those who moved out of the catchment area are not included, their replacements 

do not m e r  with respect to residentiai mobility (Wacholder et ai., 1992a). 

As cases must have been resident in the catchent atea at the tirne of diagnosis, 

so must have the controls. No minimum requirement on the length of residence in the 

catchment area was imposed even though it was recognized that this would lead to some 

loss of information with respect to actual measurements of electric and magnetic fields, if 

the case andlot control had not k e n  resident in the catchment area for at least some tirne 

pnor to the relevant period of inquiry. 

The criterion of residence in the catchment area was more reaâily imposed for the 

cases kough  the check with hospitai records, but was not as easily accomplished for the 

controls because controls were contacted on the basis of eligibility only according to age 

and sex. To confinn h t  controls were resident in the catchent area at the time of 

diagnosis of the uise, al1 data gathered through the interview process were scmtinized and 

those who were not eligible excluded. This ensured that eligibility for the selection of 

cases and controls is comparable in the final data set 

Vital status was not a criterion for matching: no effort was made to seek deceased 

controls for deceased cases. The epidemiologic literature on the subject of matching by 

vital status suggests this is neither necessary nor appropriate. Death carmot d o u n d  a 

possible etiologic relationship because, by defition, it occurs &et the diagnosis and it 

has been pointed out that the "use of dead controls, will in fact, be likely to maLe the 



controls less representaîive ofthe non4*seased population than ifdeath had not been 

used as a matching variable" (Goidis, 1982). The consensus would seem to k that in 

ternis of comparability and consistency of data, it is appropriate ta use Iive controls with 

dead cases (Wacholder et al., 1992b; Watker et al., 1988). 

Period of Inquiry 

The etiologic period defhed for inquiry depended upon the exposurr of interest 

and the biologidly relevant time and varied accordhg to the age of the chiId at 

diagnosis. The perbd of inquiry dictated the type and number of measurements taken of 

electric and magnetic fields Figure 1). 

Ane at Diannosis Prior to Birth 

< 1 year 9 - 12 months 

1-2 years 9 - 12 months 

2 2 years 9 - 12 months 

Prior to 
Refetence Date 

O months 

6 months 

12 months 

The intervals correspond to the latency penods as defined in the study by 

London et al. (1991). For controls, a 'reference date' was derived which corresponded to 

either the case's age or date of diagnosis. For controts matched to cases who were less 

than four years of age at the time of diagnosis, the reference date was e q d  to that date at 

which the control was exactly the same age as the case at diagnosis. For controls 

matched to cases who w m  four years of age or older at the tirne of diagnosis, the 

reference date was equal to the case's calendar date of diagnosis, as it was felt that for 

older children, very close matching on exposure opportunity was not required. 

Simple Size and Power Calculations 

At the time the study protocol was being developed, there was little information to 

suggest a reasonable estimate of expected exposute in the population to electric and 

magnetic fields. No information was available rclating to measurements fiom personal 



Figure 1 

A P ~  at Diannosis 

C 1 year 



monitoring of EMF exposures. Furthemore, what coIlStitutes a biologically relevant 

'exposure' was not defhed. The research to date d l  does not cleariy characterize the 

exposure which is most appropriate for inclusion in sample s k  caiculations. The 

avaiIable estimates of residentid exposures which were used for calculathg sample si& 

were limited to point-in-the measurements of magnetic fieIds (Savitz et ai., 1988; 

Severson et al., 1988; London et ai., 1991). Spot measurements in the Savitz study 

showed that about 14% of the controls were exposed to fields of 02pT or more under 

high power use conditions- Thus, power caiculations based on power of 80% (B=û.2), 

level of signincance (a) equal to 0.05 and the magnitude of the effect judged worthy of 

detection set at 2.0, suggested that the appropriate number of cases and controls with a 

1 :2 ratio was about 160 cases and 320 contmls or with a 1 : 1 ratio, 300 each cases and 

controls. Either ratio was compatible with the anticipated avdable cases for selection at 

the Hospital for Sick Children over the defhed thne period 

Data Collection 

Interview 

Information relating demographics, medical history of child and f d y ,  

residential and school characteristics, socioeconomic characteristics, parental 

occupatiod history, medications, appliance use, and specifk exposures was ascertahed 

by personal interview in the home of the child's parents. Exceptions to this included a 

few instances where case parents were inte~ewed in hospital, and other situations where 

older children provided'answers directiy, rather than their parents. The interview was 

stnictured and was pre-tested as part of a f&bility study carried out in 1990 (Watson, 

1990). 

Residential history was also collected as part of the i n t e ~ e w  process. This 

information was essential for identification of addresses of current and previous 

residences relevant to the etiologic period of inquUy and subsequent assessrnent of 



electric and magnetic field exposures in these residcnces. The interviewer also inquired 

abut the location of the child's bedroom in previous residences- 

The interviewer inquîred of schwIs and/or daycares which the child attended 

during the period ofinquizyuirv Speciûc Information was collected on the nddress and 

duration of attendance in terms of both times and days pet wccL and caiendar time period. 

This information was required for the exposure assessrnent ofelectric and magnetic fields 

in schools and daycares, 

Four interviewers having been selected for tbeK ability to engender rapport 

conducive to the acquisition of complete and accurate information h m  the parents and in 

particular, for theu sensitivity to the situation and their capacity to demonstrate the 

necessary tact and diplomacy, administered the questionnaire. Where necessary, a 

translator accompanied the English-speaking interviewer. This aliowed for the 

questionnaire to be admniistered in the language with which the respondent was rnost 

cornfortable while retaining the presence of the interviewer who was familiar with the 

questions and their intent should immediate clarification be required. The interviewer 

was ais0 able to cany out measurmients of electric and magnetic fields as appropriate 

thaeby obviahg the need to instruct the translator in this regard 

Interviews were carrieci out over a 35-month paiod, Juw 1992 to Aprii 1995. 

Interviewers were instntcted to focus on the penod of inquiry specific to the 

respondent and to ensure bat information was as complete as possible for this time 

period. Inevitably for some questions, information was provided for times proximal to 

the period of inquiry. 
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Measurements of Etecfnc and Maguetic Fields 

General 

In 1990, a pilot study ( D O M ~ ~ J ~  and Agnew, 1991) was undertaken to detennine 

the feasibility ofa number ofmethods by which exposure to electric and magnetic fields 

might be assessed. This was considered necessary as some methods had not previously 

been used with children a d o r  had not ken designed for the situations in which their use 

was planned. The information from this feasibiiity study provided an objective basis for 

the selection ofexposure methods and parameters which wili improve upon those 

measmes used in previous epidemiologic investigationsflS 

Exposure to electric and magnetic fields was m d  according to several 

different methods, as dictated in part by the cooperation and availability of the child and 

hifier family. Direct assessment of e l e d c  and magnetic field exposures was carried 

out afcording to a pmtocol detiwd by Agnew and Donnelly (1992). Depending upon the 

relevance of the residence to the period of inqujr, electric and magnetic field exposure 

assessment consisteci of the following: 

personai monitoring of electric and magnetic fields using the PositronTM monitor 

magnetic field measurements inside the home with a specific focus on the child's 

bedroom and two other roorns in which the child spent most of hidher rime; in 

some instances, measurements were also taken in a sibling's bedroorn if the 

family indicated the index child had previously w d  that room 

magnetic field measurements outside the home 

wiring configuration 

Electric and magnetic field measurements were also made in xhools and daycares 

withui the catchment area attended by the child during the penod of inquiry. 



Current Residences 

If the midence in which the interview todc place was relevant to the period of 

inquiry, it was considerd "current". Electrïc and magnetic field mcasurements were 

made by both interviewers and technicians as subsequently d d b e d -  

Previous Residences 

From the questionnaire, al i  midences within the catchment area and relevant to 

the period of inquiry were identified. Although every effort was made to ensure the 

address was complete, there were a few instances where the address information provided 

was so vague that the tesidence couid not be located. The address information was 

abstracted fiom the questionnaire and sent to the technician codeci d y  as to the number 

of previous residences eligible for meastarement for a particular subject. No identification 

was provided about case control statu- 

Pnor to the technician making an appointment, a letter was sent to the resident of 

those homes in which the case or contml child had lived during the etiologic period. To 

personalize the approach and to enable telephone follow-up, the name ofthe current 

resident was ascertained 6rom the relevant Municipal offices. It was necessary to know 

the name of the resident so that a telephone number eould be obtained and an 

appointment made to visit the home. The letter explained the purpose of the study aud 

requested permission to take measurements inside and outside the home. 

The letter did not yield a good response in ternis of the addressee calling as 

requested to set up an appointment. niecefore, &et an appropriate time interval, and in 

an effort to increase the efficiency of the measurernents made over a wide geographic 

area, technicians approached the address direcdy offering a letter h m  the Hospital for 

Sick Children and the University of Toronto as introduction and asked for permission to 

take the necessary measurements. Even ifcontact with the resident was not made it was 



stïi i  possible in some instances to carry out limited EMF measurements, sometimes with 

a perimeter assessment, or " h n t  door measurement" or a curb visit 

Schools 

Approval to approach the public schools attended by the subject child during the 

period of inquiry and withui the geogmphic catchment area was fbst sought through the 

relevant Boards of Education and thm through the school priiripai. Private schools were 

approached directly- 

Through the interview pmcess, the years in attendance and the associated grades 

were determined. This information was passed to the technician without the neme or case 

control status of the child. 

Before visiting the school, the techaician asked the principal to fax a school flmr 

plan and this was received most of the the. Upon visiting the school, the techaician met 

a desigaated contact to obtah idonnation about the classrooms on the location of 

specific grades for specXc calendar years- It was not uncornmon that there was more 

than one grade attended by the index child and more than one classtoom per grade. 

Frequently the existing school staffdid not know which classrwms were occupied by 

which grades in a specinc year. The exception to this was the kindergarten classroom(s) 

which tend not to change fbm year to year. As a dt, in many instances several 

classrooms were meas\irod and the average of aii mms taken. 

Information was obtained about the number of classtooms and age of the school 

building. 

Measurement of magnetic fields was taken inside the appropriate classrooms with 

nine measurements made in each classroom. 



DaycafCS/Nurst~es 

For l i d  rrgistered daycare and nursery schools, letters similar to those used 

for schools were sent. For private home child care centres, a technician approached the 

home dïrectiy with a letter of introduction and explanation about the study h m  the 

Hospital for Sick Children and the University of Toronto. 

Measwements of magnetic fields inside the buildings followed the procedure 

described for schools. 

Personai M o n i t o ~ g -  

If the residence in which the i n t e ~ e w  took piace was relevant to the period of 

inquUy, the child was asked to Wear the Positron- monitor for at least two &YS. Several 

options were offered by which the monitor could readiiy be kept close to the body. For 

infants not able to carry the device, the mother was asked to keep the monitor by the child 

in the crib or play area at al1 times a d o r  it was placed in a d e d  toy animal with a 

pocket which the child could "cuddle". Young children who were mobile were offered a 

backpack designed to specialiy appeal to a chüd. The backpack was padded with foam to 

enclose the monitor and prevent the child h m  injury in the event of a fdl. Older 

children were given a "sport-type" waist pouch that similarly wntahed foam to protect 

the child. Some children elected to Wear the monitor shply attachecl to their waist 

through a belt loop. The preferred carryïng methoci was selected by the f d y  in 

consultation with the interviewer. Once the carrying case was selected, the interviewer 

inserted the monitor and sealeci the case. 

The parent andlor child was asked to keep a log sheet on which information was 

recorded relating to the location of the child's activities morne, school or other), the type 

of activities and the associated times spent. Parents were instructed to log time of more 

than IS minutes spent outside the home. If the child removed the monitor to bathe, to 

play sports, or when going to bed, this information was recordeci. They were instnicted to 



also record the time when the monitor was not wom, but was in close proximîty- 

Integration of the information fkom these log sheets was used to categorize the child's 

t h e  accordhg to home, schooVdaycare or '0ther9 and to produce time-weighted averages 

of exposure. 

The parent or child was instructed to place the monitor close to the bed during 

sleep hours, at a location p r e s c n i  by the interviewer. The location was selected so as 

to avoid electrical appliances and such that the magnetic field was similsr to that 

measured on the child's bed. 

At one-minute intervals, the PositronfM monitor measured the 60 Hz electric fieId 

and three orthogonal axes of the 60 Hz magnetic field, Each measurement is 'assigned' 

to one of 16 bins spread across a logarithmic scale. The bin classification scheme was 

chosen to cover, as much as possible, the environmental values of everyday life as well as 

those of workplace exposure (Deadman et ai., 1988). The threshold ofdetection for 60 

Hz electric field is 0.6 voltlmetre and 12.2 nanoTesla for the 60 Hz magnetic fields- 

The readings h m  the Positron" were then integrated with the times and 

locations recorded on the log sheet to derive the foliowing variables with day defhed as 

07:OO to 21 5 9  hours and night defineci as 22:ûû to 0659 hours. The averages take into 

account a time element which reflects the duration the child was in each environment and 

time over which the measurement was taken. Measurements were not recorded for time 

periods when the monitor was neither wom nor kepi close by. 

Duration Positron- worn or kept close by 

- home (day and night) 
- school 
- other. 



Average electric field strength (voftdmetre) only while PositronfM worn 

- home (day and night) 
- school 
- othet. 

Average magnetic field flux density (~TesIa) whüe PositronTM wom d o r  kept 
close by 

- home (&y and night) 
- school 
- other- 

Measurements Inside the Home 

b i d e  measurements of 60 Hz magnetic fields in three rooms were made under 

"as is" or typicai power conditions of electrïcal usage. In the child's bedroom point-in- 

time measurements were made approxùnately 12 inches over the centre of the child's bed 

and in other rooms, at the room centre at waist height and away fiom electrical 

appliances. The other two rooms represented those used most 6rrquently by the child. 

Static DC geomagnetic fields were measured at locations in current and previous 

residences (to which access was obtained) where the child spent most of bïdher time - in 

bed, in the bedroom and in the family room. Measurements were taken using a Walker 

Scientific Flux-Gate m e t o m e t e r  (digital) to take readings in three orthogonal 

directions. Three measures weie taken dong the diagonal of the chiid's bed and in the 

centre of the relevant room. 

For cumnt residences, these measurements were made by the interviewer at the 

time of interview. When the technician subsequently visited the house to take outde 

measurements, pmnission was sought to rr-enter the house to repeat 60 Hz and DC 

magnetic fields measutements taken by the intcniewer. 

Technicians made ail these measurements for previous residences. 



Measurements Outside the Home 

Measurements ofmagnetic fields outside the home were taken by a tachnician 

blind to case cantrol status. These measurements provideci an indm of magnetic field 

exposure which was fommon to both current and previous residences, while also serving 

as estimates ofexposure inside the home where access was not possible and as a check 

for personal monitoring results and measurements taken inside the home. 

Evidence h m  the previously completed pilot study (Do~meIIy and Agnew, 1991) 

indicated that magnetic fields just orighating outside the house are generally important 

contributors to the magnetic field within the house and therefore it was thought that an 

outside perimeter measurement of magnetic fields would provide a diable estimate of 

the fields inside the home. 

A "perimeter measwement" was defhed as measurements taken at W o n n  

intervals of five metres around the perimeter of the home, commencing atone cowr and 

restncting measutes to only obvious living erras (e.g. garages were excluded unless there 

was living space above). Aiî measwements were taken one metre h m  the house if 

possible and one metre above the ground An average of these measmes was calculateci, 

after elimination of highly perturbed readings defined as one which was t h e  times 

higher tha.  the average of the two adjacent readings. The purpose ofetiminating high 

readings was to avoid including fields fiom sources close to the point ofmeasurement 

which are unükely to have a signifïcant influence h i d e  the home, such as local 

conductors carrying curent into or out of the house. 

If a reading appeared to be high and apparently locaüzed, additionai 

measurements one metre before and afker that point and two metres f?om the wail were 

taken. ifthe high field persisted in these additional readings, the value was retained in 

the perimeter average, as the field disturbance likely extcnded into the ho*. 
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The extent to which the perimeter measurement could be carrieci out was dictated 

by the willingness ofthe rcspondent to grant access to the property, the accessibiiity to 

the outside perimeter ofthe living area of the house and the type of housing structure. 

For example, only three walls of a semi-detached house are accessible for measutement. 

If the garage was attached to the home, measurements wae not taken around the garage 

unless the interior wall ofthe garage adjacent to the living area ofthe house was 

accessible- 

For each residence, a sketch was prepared which included iaforxnation on the 

location of the s e ~ c e  &op, electrïcai meter and entrance of electrïcal supply ta the 

house, distance fiom the Street and lot dimensions. 

Measurements of net cumnt on the drop to the house were also taken. A direct 

measurement of the net electnc current on the electrical conductors entering the house 

were made outside the house by the technician. Ifa direct meastuement could not be 

made, an estimate of the net crirnnt was obtained by measuring the magnetic field at a 

fixeci distance fiom the same electrical conductors. 

Wiring Configuration 

W i g  configuration was determinecl according to criteria developed by 

Wertheimer and Leeper (Wertheimer and Leeper, 1979). The "Wertheimer and Leeper" 

wire code uses the type and number of distribution circuits and the distance of the 

residence to conductors (Appendix A). 

. VHCC Very High Cumnt Configuration, 

. OHCC Ordinary High Cumnt Configuration, 

. OLCC ûrdinary Low Current Configuration, 

. VLCC Very Low Cumnt Configuration and Underground. 

A modified Wertheimer and Leeper cude was also used which made sptcial 

accommodation of underground wiring rather than assign this to VLCC. This modified 



approach was b a d  on B a s  et al, (1989) and denotes a house with underground 

service and no overhead wks within 150 fect The categories are the same as listed 

above for the Wertheimer/Leeper codes with addition of UG which designates 

underground service- 

Kaune and Savitz (1994) proposed and testeci a simplifieci version of the wiring 

configuration which eliminated many of the ambiguities and inconsistcacies inherent in 

the Wertheimer and Leeper code whiie enhancing the abiiity to preâict magnetic fields 

(Appendix A). The "fiune code" was also detennined and wnsists of three categories: 

. High 

. Medium 

. Low- 

"Residency"/Attcndrince Requhments 

Economy of resources dictateci some modifications to the comprehensiveness of 

the measurements ofelectric and magnetic fields made in previous residences, schools 

and daycarednurseries. 

If the residence in which the child was living at the time of interview was relevant 

to the defhed period of inquiry, the residence was labeled as "current". Aii curent 

residences were eiigible for measurernent regardltss of residence duration. 

If the child was less tban two years of age at diagnosis, al l  previous residences 

applicable to the defïned pend of inquiry and withîn the geographic catchent area were 

eligible for measurement. If the child was two years or more at the age of diagnosis, 

he/she must have resided at this residence for at least six months for the home to be 

eligible for measurement. Up to 10 ptevious residences were eligible for measurement 

If there were more than 10 residences, the 10 of longest duration were identifieci for 

measurement. 



For a schoal in the catchment rnca to be eligible for measurement, the child must 

have attended for a perïod of at least six months and for at Ieast two hours pet &y. A few 

exceptions were made when the school was the only one for the child even though 

attendance was for less than six rnonths 

Al1 daycares and nurseries in the catchment a m  attendecl, regardless of duration, 

by children who were diagnosed at less than two years of age were eligible for 

measurementc If the child was two or more years of age and but less than six years at the 

time of diagnosis, daycarednurseries attended for six months or more at Least two hours 

per &y were eligible. With few exceptions, no daycares/nursenes were designated as 

eligible if attended by a child who was six or more years of age at time of diagnosis- 

I I Age at Diagnosis or Refecence AgdDate 
( Raidence in 1 1 
1 Catchment Area 1 Less Than Two Years 1 Greater Than Two Years 

Current 

Previous Residences 

I f  child was 2 six ycars at diagnosis, no daycarcs/nurscries were elighle for measurement, although 
there wcrc a fcw exceptions. 

AU Eligible - 

Schools 

DaycaredNurseries* 

Data Processing 

Questionnaire data were coded by oniy two individuals. Al1 diseases or medical 

conditions were coded using ICD-9 (Intemationai Classification of Diseases). Parents' 

occupations were d e d  using standard Canadian occupational and industry 

classifications (Statistics Canada, 1980a and 1 98Ob). Monnation relating to medications 

was verified with a compendium of phannaceuticals (Canadian Phamiaceutical 

Al1 Eligible 
Residence Duration 

AU Eligible 2 Six Months 
Attendance 2 Six Months 

NIA 

AU Eliaible 

2 Two HourdDay 
Attendance 2 Six Months 

2 Two Hours/Dav 



Association, 199 1) which specified both the product and generic names and was then 

categorized according to broad thetapeutic indications, cg. analgesics, mti'biotics, etc. 

Infoxmation for prëvious midences. essentiai for exposure assesment, was 

sometimes incomplete. As far as possible each address was wmpleted with respect to 

full street name, postal code, citfltown. Address information m g  to previous 

residences within the period of inquiry was extracted h m  the questionnaire: and given to 

personnel responsible for the exposure assessment- 

Miormation derived h m  the questionnain was codeci and entered by two data 

entry clerks into a total of 32 relational data bases created in FoxPro. The data was also 

converted to SAS version 6.04 to facilitate manipulation and to prepare the data for 

analysis. 

Quality Assessrnent 

The coded questionnaires were randomly checked by an individual (Und to case 

control status) who did not originally code it to ensure consistuicy of interpretation. 

Also, each question was checked to ensure that information relating to the p e r d  of 

inquiry for that child was included. 

A series of data logic checks which focused primarily on the consistency dates 

with respect to the period of inquiry were camied out For example, dates of rrpoaed 

exposures must be pnor to date of diagnosis or reference date and withui the period of 

inquiry. Al1 discrepancies were rrsolved Missing data were also checked: if possible, 

whiere information fiom relatexi questions was available to complete that which was 

missing, this was done. 

Verification of data entry was carried out by entering a sample of questionnaires 

twice. A random sample of 16% of the questionnaires was entend a second tirne by a 



person different h m  the person who originaîiy entmd the data. Any discrepmcies w m  

resolved afier consultation with at Ieast two members of the rcsearch staffC There was 

minimal data entry mor. There were over 350 vananables pu questionnaire, of whkh the 

sample showed data entry error of less than 1.3%. 

Calibration checks of ail monitors were perfiormed .fta each use and of sunrey 

meters at regular intervals of appmximately one month. 

AU field measurements performed by interviewers and technicians were entered 

into a database. Every measUrCrnent entered was îhen checkcd against the value recorded 

on the field data collection forms. The information recordeci on the log sheet by the 

parent or child in conjunction with the wearing of the  positron^ monitor was 

occasionally arnbiguous. Therefore, the personal monitoring data was recxarnined for a l i  

study participants having an average electnc field exposure pater than 20 volts per 

metre and magnetic field exposwe greater than 1pT for any time period. The electric and 

magnetic field data was examined graphîdy and cornpanxi with the log sheet for 

consistency. Typically the wearing of a rnonitor is essociated with changes in the electric 

field strength and magnetic £lux density with the .  If the elecaic field ot magnetic flux 

density reading was constant at elevated levels for a period greater than 30 minutes and 

the log sheet indicateâ that the child was active, the clectric field data was flagged for 

M e r  scrutiny. Such examination was extendeci to ail time periods for that subject to 

determine if there were similar incompatibilities of the rrading and log sheet. If 

information did not support there king a hi& elcctric field and magnetic field present in 

the environment occupied during the tirne period in question, this time period was not 

used in the assessrnent of electric oc magnetic field exposures. Fifty-nine h m  a total of 

4460 time periods were removed h m  m e r  analyses due to such incornpatibilities. 

Over 75% of the measurements made in the current residence by the interviewer, 

were checked by the technician at a subsequent visit. These duplicate measuremtnts 
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were considmd fotconsistency and changes in home conditions which rnight contn'buîe 

to possible di&nnces. No signincant differcllces were foundbetween the measurements 

made by the interviewer and the techaician. 

Data Analysis Methods 

The data were initially explored with SAS (SAS Institute, 1985) and STATA 

(Stata Corporation, 1997) to produce fkquency distributions and descriptive -CS 

which were useà to evaiuate potenthi dïffiinces bctween cases and controls. 

DÏfEerences between cases and controls for caîegorical variables were based on the chi- 

square statistic. For continuous variables, diairences were evaluated using the mean and 

standard deviation using a t-test with p4l.05. Given the inconsistencîes in the litmature, 

al1 statistical tests were two-sidd 

For logistic rcgressick anaiYses, continuous variables, in particdar those relating 

to measurements of electric and magnetic fields, were categorhd into quartiles with the 

cut-points based on the distribution of the exposms for the controls. Because the 

relationship between elcctric and magnetic field exposute and childhood l e M a ,  in 

particdar that denned by personal monitoring, is neither weii characterized nor weli 

undetstood, the decision was taken to not analyze electric and magnetic field exposum as 

continuous variables. Thar is no evidence to date which suggests these exposures are 

lhearly relateà to the ri& of childhood leukaexnia and the categoricai approach was 

expected to facilitate interprctability and aüow for the détection of relationships which 

might not fit the linear association. The categoricd approach aIso helped avoid undue 

influence of 'outliers' . 

To assess possible differences betwecn cases and controls with respect to missing 

information, where appropriate, a ategory denoting missing daîa was included in the 

analyses. 



Standard mcthods were used for the d y s i s  of case control d e s  as d e s c n i  

by Breslow and Day (1980). The shdy was a matched design and ~icconiuigly the 

matching was rttslned in the d y s i s  to ensure the least biased cstimatt of risk 

(Schlesxlman, 1982; Klehbaum et al., I982), Univariate conditional logistic regression 

was used to estunate odds ratios for those potential confo~11dets or known rkk f w  

derived nom the questionnaire and for measures ofelectric and magneiic field exposure. 

Maximum likelihood estimates of IeuLaemia risk were obtained using muhivariate 

methods to describe the relationship with electric and magnetic field exposiaes based on 

the total monitored the, on residential monitoring and wiring configuration, while 

controlling for coafounders. Univariate analyses using information derived h m  the 

questionnaire were the basis for determining potential confounding variables to be 

included in the muhivariate model. A criterion of ~ 0 2 0  was used to identify those 

parameters for inclusion in the multivarîate model. lhis applied to binary variables and 

to categoricai variables (any category) aaaining this level of significauce. This 

significance level was ngarded as 'consemative' and was chosen to m b h h e  the chance 

of rnissing some important confounders which might not be apparent h m  univariate 

analyses but rather only in combination with other factors (Mickey d Greenland, 1989; 

Hosmer and Lemeshow, 1989). 

Previous research bas not suggested any potentiaily important factors related to 

electric and magnetic fields and childhood Ieukaernia risk, although socioeconornic 

characteristics and residential mobility were possible candidates for inclusion in a 

multivariate model. In the absence of any compelling information in this regard, 

explanatory variables wcre identifiai accordhg to statisticai criteria Stepwise backward 

regression was used to estimate leukaCrnia risk with the fûli mode1 containhg ail 

explanatory variables or potential confounders meeting the m.20 criterion (Hosna and 

Lemeshow, 1989). A sigaifiance level of 0.15 was specified for the removal of a term 

fiom the mode1 and a pvalue of 0.10 for re-introduction of tmns. The stcpwise 



backard approach was seiccted b u s e  it d o w d  di potcntial confou11ding variables to 

be tested in relation to the other variables and the exposure of prïmary interest, The main 

effect was retained in al1 models- 

The likelihood ratio test was used to evaluate the signincance of each explanatory 

variable to the M y  adjustcd mode1, 

Odds ratios and corresponding confidence intervals were computed using STATA 

for al1 analyses using EMF idionnation and dl multivariate modeiiing or SAS for 

in te~ew derived variables. 
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RESULTS 

Case Control Partkipatïon 

A total of256 childrcn with Icukumia w e  -bai to participaie in this 

study. Consent to k interviewai was rraived h m  a total of 212 Cfpble 1). One of 

these cases couid not be I d  when an anempt was made to schedule the interview and 

eight subsequently declined- The main rcasoas for this change in willingness to 

participate were that the child had relapsed or there had kcri an dtctation in M y  or 

medical circurmîances which were not conducive to the interview process- 

Not supïsingly, given the rewspective nature of the study, several f d e s  

couid not be traced andior wcre known to have moved out of the catchment area since the 

date of diagnosis. The vital s t a t u  of some of these cases is unknown as there had been 

no ongoing contact but many rire known to be deceaxd. No attcmpt was made to contact 

these families. 

As previously describai, the approach to the cases nrst requind the physician's 

approval. At the end of the study, there were 22 potentially cligible cases where the 

physicien requested d e f d  or did not wish the nimily to be approached at aii. In some 

instances, the chiid had recently relapseci or died or the prognosis was known to k poor. 

The= were other situations when it was judged inappropriate to approach the family 

about the study due to social andlor other f d y  hcalth problems. î l e  rnajority of these 

cases where physician consent was not given wcre deceascd md it is therefore possible 

that, even if consent had kai provideci, the f d y  might have mlocated outside the 

catchment area. Throughout the study the trcating physicians who requested that some 

patients not be contacted or that contact be d e f d  wcre periodicaily asked if they would 

reconsider this decision until such tirne when the study was damcd "closeci"- As the 

end of the p e n d  of case recruitment approached, for some cases sufficient 

'compassionate' thne hsd not elapseâ and these d c f d  cases became synonymous with 

physician refusal. Necessarily time constraints prohibitcd IZ-appmach for the cases 

recruited near the a d  of the study pcrïoâ. 
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TABLE 1 

Case Control Paiti*cîpation 

1 l Eligïble 
1 1 

Physician Refusal 

UnabIe to contact 

Approached 

No response: untraceable, 
communications problems 

Refùsed 

Interviewed 

Discardede** 

Final 

Case 

Number indicaihg eligibility and agrceing to be contactcd at a later date regarding 
participation in the study 

** Several known to have moved out ofthe catchment area 

*** Post-interview determination that the child was aot tesident in the catchment 
area at the date of diagnosis or refermce date and thercforc ineligible 



Afia receiving the letter h m  the treathg physician regardhg the shdy and 

seehg agreement h m  the family to k contactcd by the UnIvcrsity of Toronto, eight 

families declined. 

There were 36 cases approached by the treating physician who did not respond 

and six for whom the letter was returned undelivered. Attempts were made to ascertain a 

curent address but several remaineci untraceable- Most ofthose who were untraceable 

were known to be deceased but it was also possible that some had moved out of the 

catchment area. 

Of the 645 control names randomiy selected h m  the c o ~ ~ ~ t ~ c t e d  'census' of 

potential controls, 25 could not be contactcd to inqulle ifthey wouid participate, 168 

refused participation in the study, and 20 wuld not communicate in English and it was 

wt possible to determine the language needed to make appropriate inquiries. Thirteen 

were considered "unevaluable" : although these respondents agreed to participate they 

did not have knowledge about the child which would be sought in the i n t e ~ e w  process, 

such as the child's medical history, residential history, etc. In such instances, the child 

may have been in foster care. The resulting number ofcontrols inte~ewed was 419. 

Characteristics of the Cases and Controis 

The distribution of participating children with leukaemia according to histologie 

diagnoses (Birch and Uarsden, 1987) is presented in Table 2. AU cases of leukaemia 

were confinned by appropriate histopathological revieww The majonty (84.1%) ofthe 

cases were acute lyrnphoblastic which is consistent with chiIdhood leukaemia patterns 

observed in developed countries. 

Leukaemia cases by year of diagnosis and vital status at the tirne the physician 

was asked to provide consent to approach the family or child regarding participation in 

the snidy are presented in Table 3. 



Chapter 4 

TABLE 2 

Type of Letbernia 

Acute Lymphoblastic Leukaemia 

Acute Myeloid Leukaemia 

Acute Myelomonocytic Leukaemia 

Acute Erythrocytic Leukaemia 

Acute Promyelocytic kukaemia 

Acute Megakaryoblastic Leukaemia 

Chronic Myeloid Leukaemia 

Juvenile Chronic Myeloid Leukaemia 

Acute Leukaemia NOS, 
e.g., mixed limage, myeloid dysplastic syndrome, 
bibhcnotv~ic 

According to Manchester Classification (Birch & Marsden, 1987) 
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TABLE 3 

Year of Diagioris and Vital Status of Participating CUCI at Time of Approach 

CaIendar Year of Dhgnosis 
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The demographic and family characten*stics of the cases and contiols are 

sumrnarked in Table 4. The distniution by age and sex c o d h s  the succws ofthe 

matching process. Fiffy-one percent (51%) o f f  the leukaexnia cases war less than five 

years of age at the tune of diagnosis and slightly more were male, a distribution 

representative of that for age and sex for childhood leukaexnia in Ontario (Ontario Cancer 

Registry, 1996). The charactenCstic peak in the age at diagnosis of two to four years was 

observed in this study population and is compatible with the descriptive epidaniologic 

features of childhood leukaemia. 

The majority of participants were Canadian-bom but with a wide representation of 

racial and ethnic backgrounds, nflective of the cultural diversity of the defined catchment 

area. There were more cases reporting Asian ancestry and/or Oriental race than controls. 

There were pmportionately fewer Caucasian cases than controls. Cases and controis did 

not M e r  signincantly with respect to whether or not they had siblings, nor whether they 

were the biologic child of either parent intervieweci. m a t i o n  with a religious group 

was not appreciably mirent ôetween cases and controls. Cases were more residentially 

mobile than controls. More cases than controls reported living in excess of three 

residences during the defined perioû ofinquiry. There were signifiant differences in 

reported family incorne between cases and controls with controls on average having 

higher incornes. 

It was not possible to select controls concurrently with the t h e  ofdiagnosis of the 

cases. To ensure that this had not compromised comparability, both cases and controls 

were scrutinized after data collection with respect to midence in the catchment area at 

the date diagnosis. This led to the removal of two cases and 13 controls and introduced 

some disruption to the 1 :2 matching ratio. Necessarily there was a random reassignrnent 

of controls to cases which took into account the year of birth, child's gcnder and dates 

relating to the period of inquiry. This resulted in the following number of matched sets: 
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TABLE 4 

Aee at Diamosh or Reference Date 
<2years 

* 2 - 3  
4 - 5 
6 - 9  
10+ 

Sex - 
Male 
Female 

Countw of Birth 
Canada 
M e r  

Racial gr ou^ 

Caucasian 
Oriental 
Black 
East Indian 
M e r  

Father's Ancestrv 
British Isles 
Empean 
EaStemEutopean 
Scandlliavian/Baltic 
Middle East 
Far EastfAsia 
Indiflakistan 
LaWSouth Amencan/Caribbean 
Russian 
Canadi an/American 
Other 
Unknown 

p ~0.05 difference between cases and controls 



TABLE 4 (continueci) 

Mother's Ancestrv 
British Ides 
European 
Eastern Ewopean 
Scanduia.an/Baltic 
Middle East 
Far W h i a  
IndialPakistan 
Latin/South AmericadCaribbean 
Russian 
CanadiadAmencan 
Other 
Unknown 

Relieion 
Catholic 
Protestant 
Jewish 
Greek ûrthodox 
&du 
Buddhist 
Islam 
Other 
No Religion 
Unknown 

Sibünns 
Ody Child 
Has Siblings 
Unknown 

Ado~ted Child 
Yes 
No 

Number of Residencts 
1 
2 
3 
4 
5+ 

Famüv Income 
c $20,000 
> $20,000-39,000 - 
$40,000-59,000 
$60,000 
Refbsed 
Don't Know 

p <O.OS difference between cases and controls 



Case control ratio Number of matched sets 

dimption of matching for one case control set - male case matched to one 
male c-ontroi and m e  fexnak control 

Characteristics of Non-Participants 

For cases and controis wbo did not participate there was some information which 

permitted a Mted assessrnent of comparabiiity of participants with non-participants. 

Table 5 shows the histologie subtypes of leukaemia for non-participants. Acute 

myelogenous leukaemia was more common among non-participating cases. This ce11 

type is associated with a poorer prognosis than the more common acute lymphoblastic 

leukaernia and is compatiile with the observation that for severai cases who did not 

respond regarding study participation, the hospital had lost contact and had no fomarding 

address. The distribution of age at diagnosis was not signiscantly different for non- 

participating cases, although there were slightly more younger cases among the non- 

participants, In the final year (1993) of case ascertainment which was essentiaiiy 

prospective, there were proportionatefy more cases who did not participate than those 

who did. It is possible that sufficient time ha0 not elapsed for the recently diagnosed case 

to have acbieved temission. 

Wire code was determined for those identified controls who voIunteered that they 

had an eligible child but who did not participate either because of dùect rekal,  language 

barriers, or inability to re-contact From the teledirect marketing iists adhss  idionnation 

was available for controls and therefore an attempt was made to determine the wire code 

for the non-participant addresses The adàress information was current to the date of the 

telephone lists. 
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TABLE 5 

Non-Participathg cases - Histology and Age at Di8gnosir 

Acute Lymphoblastic Leukaemia 

Acute Myeloid Leukaemia 

Acute Myelomonocytic Ledcaemia 

Acute Erythrocytic ~ e u k a e ~ a  

Acute Promyelocytic Lculrncmia 

Chronic Myeloid Leukaemia 

Juvenile Chmnic Myeloid Leukaemia 

Acute Leukaemia NOS, 
e.g., mixed lincage, myetoid dysplastic syndrome, 
biphenyltypic 

Age at Diagnosis 
(2years 

2-3year~ 
4-5years 
6-9year~ 
210years 

According to Manchester Classification (Birch and Marsden, 1987) 



Limiteci resourccs allowed for visits to be made to only a sample ofaddresses 

(n=l L6) for non-participahg controls- Thtee of these residences could not be located- 

Of those remahhg, wire codes w m  assigned aecording to the codiag scheme initially 

proposed by Wertheimer and Leeper (1979) and to that proposed by Kaune and Savitz 

(1994). 

Similarly a wmparison was made betsveen cases who participateci and those who 

did not either because o f k t  refusal or inability to contact. For case non-participants 

residentiai information was abstracted h m  hospitai records. 

Table 6 presents wire code information for case and contiol non-participants- 

With the exception of residences coded to VLCC, the distribution of* codes for 

curent residences did not m e r  ôetween participants and non-participants. Generaily 

participants had a -ter proportion of very low ciimnt conf5guration homes, compared 

to those of non-participants but no differences existed between cases and controls with 

respect to participant status, 

A component ofwire code is distance h m  the be. This is relevant for single 

family dwellings but not for apariments. Apartments m e r  importantiy h m  single unit 

dwellings as EMF fields are more influenced by d g  within the apartment complex 

itself than by proximity to power lines. It is therefore not meanin@ to assign w i r ~  

codes to apartments. That king so, case and control non-participants were compared 

with respect to residence type. However, the residence designation of "apartment" 

showed statistidy significant @(.OS) ciifferences between participants and non- 

participants for both cases and controls. For participating subjects, cases and controls, 

where information was available for cumnt residence, 7.0% (25/358) were living in an 

apartment while for non-participating cases and controls the corresponding percentage 

living in an apartment at the tirne of diagnosis of the case or the time of Grst contact for 

the controls was 28.5% (59/207). 
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TABLE 6 

Conparison of W h  Codes for Case and Control Non-Participants 

Participants 1 Non-Participants 

VLCC 63 59-4 

OLCC 24 22.6 

OHCC 17 16.0 

VHCC 2 1.9 

Missing - O 

Wire Code 

Kaune Code 

Low 74 69.8 

Medium 27 25.5 

5 4.7 

Missing O - 
- - - - ~ - 

Apartment* 11 9.4 14 5.8 25 25.8 34 29.6 

Wertheimer keper Code 

Notes: 

P 

Participants' information based only on cunent rcsidencc 
Non-participant infonnation for controls based on residence in teledirea marketing lists (1992) 
Non-participant information for cases bascd on cesidence at date of diagnosis 

n */O I ./O 

t Residence could not be locatcd 
Residence in 'Apartment' different betwm cases and controls (pa.05) 

n I Y0 n ./a 



Interview 

Information relating to the motherwss obtained primanly fiom the mother 

herself, with 92.5% of the cases and 97.8% of the control mothas providing responses 

directly- For 6.0% of the cases and 1.3% of the controls the spouse provided the 

information about the mother* Moimation relating to the father was obtained directly 

fiom the father for 56.2 % of the cases and 36.4% of the controls. The spouse provided 

the information about the father for 41 -8% of the cases and for 61.6% of controls- 

At the end of each intervîew, the interviewer made a subjective judgement 

conceming the reliability ofthe information about the mother and the father which had 

just been collected. The mother's information was judged to be more reliable than the 

father's, probably due in part to the fm for a large percentage of the fathers the 

information was not gathered dïrectly. Nevertheless, the judged reliability did not m e r  

simiificantiy between cases and controls. 

Univariate Analyses of Risk Factors and Potcnti.1 Confounders 

Cornparisons of cases and controls for demographic characteristics, risk factors 

and potential confounders dcrived h m  the questrstronnaire were evaluated using univariate 

conditioaal logistic regzession. 

Univananate anaiyses showed consistent excess leukaemia risks for children of 

Asian ancestry or Oriental race (Table 7)- The coiiinearity between these characteristics 

was the basis for the decision to select only race for inclusion in the multivariate model. 

Having no siblings was associated with a non-si@cant decreased risk of 

leukaemia (OR=û.66,95% CI 0.36-1.21)- 

Cases had higher residential mob'iity than controls. Increasing number of 

changes of residence 8 four residences) was asoociated with a significant increased nsk 

of leukaemia (OR=2.19,95% CI 1.3 1-3 -65). 
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TABLE 7 

Chiidhood Leuhemia Risk in Reiation to Demog.pbic and Fuiiiiy Characteristics 

Country of Birth 
Canadian Born 
Other 

Father9s Aacestry 
British Isles/Canadiaa/American 
European/Eastem Europeau 
Far W A s i a  
Oîher 
unknown 

Mother's Ancestry 
British Isles/Canadian/American 
Europcan/Eastem Eutopean 
Far EastfAsia 
M e r  
Unkaown 

Siblings 
Siblings 

No religion 
Catholic 
Protestant 
Jewish 
Other 

Odds 
Ratio 

1.00 
1 -46 

1 .O0 
0-97 
1.96 
1.20 
0.50 

1.00 
1.01 
1-90 
1.25 
0.66 

1 .O0 
No siblings 

Religion 
0.66 

Racial Group 
Caucasian 
OrientaVAsia 
m e r  

1 .O0 
2.22 
1.30 

Number of Raidences 
Categorical 

1 - 3  
2 4  

Continüous 

Confidence 
Interval 

1 .O0 
2.19 
1.20 

Day Care Attendance 
No 
Yes 

1 .O0 
0.88 



Education at the high schwl level or lower for bot6 fathers and mothers was 

associated wïth elevated rïsk for leukaemia in their children (Table 8). For mothers with 

incomplete high schooI ducation. the risk was statïstîcaliy significant (OR=2.26,95%CI 

Childhood leukaexnia risk was inversely relateci to family incorne with each 

annual incorne level. 

Estimates of leukaexnia risk for sdected characteristics nlating to the child's 

medical history, with a focus on common childhood diseases, are presented in Table 9- 

Birth defects, including Downs syndrome which is imown to be associated with an 

increased nsk of childhood Ieukaemia, showed an elevated but non-signincant odds ratio 

(OR4 .42,95% CI 0.91-2.23). A history of measles, tonsillitis and otitis media was 

associated with a decreased but non-significant leukaemia risk but reported infiuenza was 

associated with a sligbtly elevated risk. 

Infant fceding practices were evaluated uable 10). Duration ofbreast feedllig 

was associated with a signifiant decreased risk of Ieukaemia (OR+. l9,9S% CI 0.04- 

0.85) for those fcd for six months or more cornparrd to bottle fed children. 

TABLE 10 

Childhood Leuiuwmia Risk in Relation to Iaf'ant Feeàing 

Formula on@ or Breastfceding with Formula 
Supplementation 
Breast Feeding only for - 

First 3 months after birth 
4 - 5 months after birth 
2 6 months after birth 

Odds Ratio 
1 .O0 

1-10 
0.89 
0.19 

95% Confidence 
Interval 

- 

0.75 - 1.60 
0.53 - 1.49 
0.04 - 0.85 
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TABLE 8 

Childhood L e u b m i a  Risk and Characteristics of Parents 

Mother's Education 
University 
Some pst-secondary education 
Grade 12/13 complete 
Less than Grade 12 

University 
Some pst-secondary education 
Grade 12/13 complete 
Less than Grade 12 

1 .O0 
1-17 
1 -62 
2.26 

Unknown (n4) 
Father's Education 

Unknown (n=17) 
Family Income 

- 

95% Confidence 
rntervd 
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TABLE 9 
Cbilâhood Lerikremia Risk and Scleded Factors 
Rehtd to Dclivey and Child's Medicri History 

Odds Ratio* Intervals 
Birth Weight 
2 2500 gm 
c 2500 Pm 

Gestational Age 
38 - 41 weeks 
28 - 37 weeks 
2 42 weeks 

Type of Delivcry 
Vaginal 
Cesarean 

Birth Defccts 
No 
Yes 

History of Specific Childhood DWcwes 
No 
Yes 

Chickenpos 
No 
Yes 

Measles 
No 
Yes 

Tonsiili tis 
No 
Yes 

Jaundice 
No 
Yes 

Influenza 
No 
Yes 

Otitis Media 
No 
Yes 

Matchcd pairs analysis using conditional logistic rcgnssion 



Odds ratios for le-a nsk relative to seIected e n . m e n t a i  nsk  factors and 

household products are presented in Table 11. AU exposures rclaîed only to the defbed 

period of inquiry. Associations w m  obsezved with the child's expasure to glues, fumes, 

gases or solvents (OR=l .S2,9S% CI 1.00-2291, garden or agriculturai sprays (OR=L -3 7, 

95% CI 0.87-2.18) and exposure to insecticides (OR=2.22,95% CI 1.44-3 -43). Exposure 

to household products ouch as turpentine showed an i n c d  risk with leukaemia of 

borderline statistical signincmce (OR=1.64,95% CI 0.99-2.72). Reportecl cxposures of 

the child to household bleach were associated with decreased leukaemia risk (OR4.67, 

95% CI 0.45-0.99), 

Selected characteristics relating to the mother were evaluated during or just prior 

to pregnancy ofthe index child (Table 12). A siificaat association was observed 

between the risk of leukaemia and reportcd diseases in the m o t k  either imrnediately 

prior to or during pregnancy (OR=2.37,95% CI 1.37-4.1 1). Medication use (OR=1.37, 

95% CI 0.95-1 -99) and x-rays (OR=1.40,95% CI 0.97-2.01) prior to or during pregnancy 

were also related to increased, but n~~significant, risks. Detailed inquiry was made of 

smoking habits of the mother. Although not statistically signincant, risks were more 

pronounced for mothers who srnoked during pregnancy (OR=1.36,95% CI 0.89-2.08). 

As for children, mothers were similady questioned regarding environmental 

exposum and cornmon household products such as cleaning agents, bleach, paint 

removers (Table 13). Expasure just prior to or during pregnancy to pesticides in general 

(OR=l .53,95% CI 1.08-2.18) and specifically to garden insecticides (OR=199,95% CI 

1-12-3 -55) showed a signifiant relationship with childhood leukaemia. 

Specific iaquiry was made regarding the use of those appliaaces previously 

reported to be relateà to leukaemia (London et al., 199 1). In this study. no associations 

were observed with reported use of electric hair dryers, electric blankets or having a 

bedside clock (Table 14). Very few children rrported no exposure to television. Of those 

who did watch television, there was a relationship between increased risk with increashg 
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TABLE 11 

Cbildhood Leukaennia Risk and Cbild's Exposurc+ to 
Selected Envininmentai Factors uid Household Products 

Exposure to Glues, Fumes, Gmes or Soivents 
Never 
Ever 

Exposure to Garden or Agrieulturat Sprays 
Never 
Ever 

Exposure to Insect Exttrminator Tmtment 
Never 
Ever 

Exposure to aay Hoasehold Proàucts 
No 
Yes 

Exposure to Paint Removers 
No 
Yes 

Exposure to Turpentine Products 
No 
Yes 

Exposure to Household Bleaches 
No 
Yes 

Odds Ratio*' 
%% Confidence 

Interval 

Relevant to the period of inquiry 
** Univariate analysis, conditional logistic rcgrtssion 
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TABLE 12 

Diseases of Mother Immad'mtely Prior to iiid/or 
During Pregnancy 
No 
Yes 

Medications Taken by Mother Immediateiy 
Prior to and/or During Prcgnancy 
No 
Yes 
Don't Know 

Materna1 X-nys Two Ytrrs Prior to and/or 
During Preguancy 
No 
Yes 
Doa't Know 

Smoking During Pregnancy 

Smoked During Pregnancy 

Non-smoker or Previous Smoker 
Smoked During Pttgnancy 

-- - - 

Maîchcd paVs analysis using conditional logistic tegression 

95% Confidence 
Intemal 
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TABLE 13 

C h i l d h d  Leukaemia Risk in Reiatioa fo Mother's Esposure 
to Environmental Factors and Hopschold Pmducb 

Just Pnor to or DuringPmgmncy 

Exposure to Pesticides 

No 
Yes 
Unknown 

Exposure to Garden Ihsecticidts 
No 
Yes 

Exposure to Agricultural Sprays 
No 
Yes 

Exposure to Insect Exterminators 
No 
Yes 
Unknown 

Cleaning Esposure to Housthold Products 

Odds Ratio* 

No 
Yes 
Unknown 

Erposure to Paint Removers 

No 
Yes 

Exposure ta Househoid Bleaches 

Matched pairs univariate analysis ushg conditional logistic rcgmsion 

%% Confidence 
htcrvai 

1 .O0 
1.53 
0.62 

1-00 
1.99 

1 -00 
1.28 

1 .O0 
1.03 
1 .S6 

No 
Yes 

Exposure to Eair Colouring Products 

No 
Yes 

- 
1-08 - 2.1 8 
0.23 - 1.70 

* 

1.12 - 3.55 

- 
0.55 - 2.98 

- 
0.54 - 1-97 
0.94 - 2.60 

1 -00 
1.61 
1 .52 

1 .O0 
1.1 1 

- 
0.86 - 3.02 
0.41 - 5.62 

- 
0.63 - 1.95 

1 .O0 
1 -24 

1 .O0 
0-72 

- 
0.84 - 1.84 

- 
0.47 - 1.13 
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TABLE 14 

Elechic Hair Drytr Used 
No 
Yes 

Age Hair Dryer First Used 
(1 Year 
2 -3Year~  
4+ Years 

Electric Blanket Used 
No 
Yes 

Heating Pad Used 
No 
Yes 

T.V. HOUR (houis per week) 
(7 hours - 
8 - 14 
15-21 
22 - 28 
> 28 

Bedside CIock 
No 
Yes 

** Matched anaiysis using conditional logistic cegression 

%% Confidence 
Intend 



hours of television viewing- However, if the Positron monitor was wom when watching 

television, EMF exposures would be measured more M y  inthiî manner and 

therefote, this variable was excludeci h m  the multivariate model- 

Measurement of Elcfhic and Magnetic Field Exposurts in Cumnt Residences 

Personal Monitoring 

For 571 of the 607 subjects eiîher point-in-time measurcments of magnetic field 

or wire code were available. Collectively the percentage of the total etiologic period 

represented by these residences, cumnt and previous, was 77% and 87% for cases and 

controls respectively. 

For 58.7% (n=118) of the cases and 62.8% of the controls (n= 255), the residence 

in which they were currently residing was relevant to the perïod of inquiry and therefore 

these children were eligible to wear the Positron monitor (Table 15). It is these subjects 

who are the focus of the following analyses. 

TABLE 15 

Personal Monitoring According to Case Control Status 

Eligible to Wear Monitor 

Wore Monitor 

Refiised 

Failed 

Other 
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Some studies have imposed a residency reqWrement on the controis (Savitz et al., 

1988; Tomenius, 1986). This has lad to the criticism that the controls might be more 

residentiaiiy stable than cases which in tum might be associateci with other lifestyle or 

socioeconomic characteristics whkh are confounding the relationship between leukaemia 

nsk and eiectric and magnetic field exposures (Jones et al., 1993). In this study, no such 

restrictions were imposed and therefore, both cases and controls might have resided only 

a short time in the catchment area. The shortest residence duration (excluding the 

prenatal period) in the cumnt home was just over 1.5 months, a control, and the longest 

duration was over 14 years, also a control, Cases and controls had lived in their current 

residence, excluding the prenatal period, approximately the same period o f  tirne, mean 

duration in the current residence for cases was 4.2 f 3.2 years and for controls, 3 -63 k 2.7 

years. For 65 cases and 158 controls, the current residence was also relevant to the 

prenatal period- 

Overall, cornpliance in wearing the monitor was excellent, with 92% of cases and 

controls agreeing to wear the dosimeter. For 35 study participants, Positron information 

was not available for the following reasons: there were five instances (two cases and 

three controls) where the monitor malfiinctioned and the readings were lost; t h .  cases 

and eight controls refiised to Wear the dosimeter; there were two controls for whom the 

interviewer judged it inappropriate for the monitor to be lefi; and five cases and 12 

controIs were missed. 

Uniike the questionnaire data, for efeceic and magnetic field exposures, there 

were many *nt types of maisurements and not al1 were available andfor applicable 

to aU study participants. Personal monitoring was appropriate for only those participants 

whose current residence was relevant to the p e n d  of inquby. Although overall the 

proportion of cases and controls eligible to wear the monitor was not significantly 

different, eligibility or relevance of cumnt residence to the period of inquiry was not 

necessady the same for matched cases and controls. The number of matched sets where 

both the case and control wore the Positron monitor were substantially redud: 



Case control ratio Number of matched sets 

Point-in-Time Mmurements 

m e r  magnetic field measwements of the current midence, bot .  h i d e  and 

outside, coasisted ofthose previoudy described: measumnents in the chiid's bedroom 

and two other rooms most commonly used by the child, outside perimetcr measurement if 

appropriate and feasible and measurements at the househnt if applicable (Table 16). 

Consideration of  these measurements by themselves and in relation to those h m  

personal monitoring wiU be used as the basis to derive an estimate of exposure for 

previous residences w k r e  personal monitoring was not possible but are not the focus of 

these analyses. 

TABLE 16 

Types of Magnetic Field Measurements (pT) for E w b k  Cumnt Raidences 

Child's Bedn>om 

Room 1 

Room 2 

Outside Residence 

Housefiont* 

Excludes apamnents 

Wiring Coaf~guratioa 

cases 

Numbtr Mean (S.D.) 

111 0.11 (0.14) 

1 1 1  0.14 (0.17) 

107 0.12 (0.13) 

11 1 0.12 (0.16) 

102 0.16 (0.20) 

Controis 

Nuniber Mean (S.D.) 

234 0.11 (0.15) 

235 0-12 (0.15) 

219 0.13 (0.20) 

237 0.12 (0.15) 

226 0.15 (0.18) 

Wiring configuration for the cumnt residence was classified accordhg to the 

codig schemes of Wertheimer and Leeper and Kaune. Mean magnetic field 
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measurements derïveà h m  weering the Positron monitor b i d e  the home and 

measurements taken outside (perimeter) according to wire d e  classification are 

presented in Table II. M e a d  levels of magnetic fields Increased for wire code 

categories denoting higher wire configuration. Unless the residence is in close proximity 

to a high voltage -ssion l i . ,  it is udikely that the elcctric field strength within the 

home would be influenced and this was connmied by examining the pasonal monitoring 

data for electric fields within the home (data not shown). Dcpcadhg upon the 

classification ofwiring configuration, homes with VHCC accounted for 4% (Wertheimer 

and Leeper) and 9% (Kaune) of the current tesidences (excluding m e n t s ) ,  a 

percentage less than that obsewed by London et al, (199 1) in Los Angeles (16%) but 

slightly more than that obstrved in Denver (3%) by Savitz et al- (1988). 

Duration of Persona1 Monitoring 

For a total of 338 subjects, the Positron monitor was worn or kept nearby for 

approximately two days with no differences observeci between cases and controls. The 

famiiy and/or child kept log infomuttion according to time spent at home, et school and 

"other" (Table 18). More than 98% of the cases and 94% of the wntrols wore the 

monitor at home. The child's residence represented the greiitest proportion of the total 

monitoring timc for both cases (78%) and controls (76%) which might be expected given 

the young age of the subjects. Cases wore the monitor at home signifïcantiy @<O.OS) 

longer (14.5 hours) than did controls (12.6 hours)- 

The Positron monitor was wom or taken to school for a total of slightly more than 

eight hours. While the monitoring time did not differ between cases and controls, fewer 

cases (46%) than controls (60%) actually tmk the monitor to school. 

Slightly more cases (92%) than controls (89%) ware the monitor in locations 

"other" than school or home but monitoring tune in these locations did not differ 

between cases and controls, with average tirne king approximatety eight hours. 
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VLCC 

OLCC 

OHCC 

VHCC 

VLCC 

OLCC 

OHCC 

VHCC 

Controis Wiring Codigadon 

Masurcments Taken Oaîside the Rcsidence 

Werîhejmer and Lecpcr 

C ~ t s  

Persona1 Monitoring Inside the Rtsidence 

Kaune Wue Code 

Low 

Medium 

Low 

Medium 

High 

Merwunments Taken Outside the Rcsidence 

n 1 mean (i S.D.) 1 n 1 mean (ISD.) 

Personal Monitoring Inride the Residence 

mean (î S.D.) 

O. 10 (O. 14) 

0.21 (0.15) 

0.28 (0.20) 

n 

70 

23 

5 

mean (î S.D.) 

0.09 (0.08) 

0.20 (O. 15) 

0.43 (0.23) 

n 

149 

43 

25 
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TABLE 18 

At Home* 

At School 

ûther 

Total 

- 

n 

Male 

Female 

Duration Positron- Worn 
n 

Cases 
Mean (S.D.) 

48.46 (12.75) 

52.49 (16.10) 

51 7 5  (1 6.63) 

47.27 (17.16) 

hool, Other) 

controls 
M- (S.D.) 

Cases and conmls significantly differcnt, P4.05 
** Agc at date Positron? was wom 

Duration Positron WomTM andor In Close Pmximity by Age* (Home, School, 

41.42 (14.18) 

8-08 (5.17) 

8.45 (8.01) 

52.9 1 (1 6.43) 

At Home 

At School 

Other 

Total 

230 

138 

204 

230 

108 

50 

99 

108 

38.75 (15.89) 

9.28 (4.75) 

7.55 (6.51) 

51.01 (16.11) 



For both cases and wntrols, older children, in partîcuiar those IS years ofage or 

oider at the t h e  ofmonitoring wore the Positron for a shorterperïod of t h e  than 

younger children. Controis who were 15 years of age or 01der wore the monitor longer 

(p4-02) than the cases of wnesponding age* 

Descriptive Statîstics of ElceMc and Magnetic Field Esposures 

The distribution of electric and magnetic field exposures by case control statu 

and location of exposwe are presented in TabIes 19 and 20. Average eI&c and 

magnetic field exposurPs in the child's residence accordhg to time of &y (day vernis 

night) and whether the monitor was worn or kept close by are show in Table 21. No 

ciifferences existed between cases and controls with respect to mean electric and magnetic 

field expooures. On average, residentiai exposures to electric fields w m  higher than 

those found in schwls or elsewhere and magnetic field exposures were highest in 

"other" locations flabIe 22). 

As expected average daytime residential magnetic field exposurrs, whether the 

monitor was worn or kept close by, were higher tban nighttime exposurrs. 

Table 23 presents both electric and magnetic field exposures received in the 

school environment. Oniy 46% of cases and 60% of controIs wore the monitor to school 

and as a result the mean values are based on wm~aratively small numbers. The school 

attended by the child at the tirne shehe was wearing the monitor was relevant to the 

period of inquiry for only 21 subjects, 7 cases and 14 controls, which is not swprising 

since the t h e  betweai the end of the period ofinquiry and the t h e  the monitor was 

wom was on average four years. Both electnc and magnaic field exposms in schools 

are on average lower than those typical of residential environments. 



TABLE 19 

Distribufion of Magnetic Field (PT) Esposuns Mcrsri.rcd by Personai Monitoring 

' Time weighted average of magnetic field âensity while Positronn worn andfor kept close by in the home 
'The weighted average of magnetic tield density while Positronm wom ancilor kept close a schooI 
' Time wcighted average ofmagnetic field dmsity while PositronN worn and/or kept close in lacation designateb as 

"other" 

r 

Leveis 

Home' 

Cases 
n I ah 

Contmls 
n I 
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TABLE 20 

Distribu tion of Electric Field (Vlm) Erposunr Mwiired by Pecsonal M o n i t o ~ g  
According to Location 

Home' 
~2.0 2 1.85 6 2.61 
2.0 - 3.9 15 13.89 20 8.70 
4.0 - 5.9 25 23.15 43 18 -70 
6.0 - 7.9 22 20.37 47 20.43 
8.0 - 9.9 11 IO. 19 27 11.74- 
10.0 - 11.9 10 9.26 24 10.43 
12.0 - 13.9 4 3-70 14 6.09 
14.0 - 15.9 5 4.63 16 6.96 
2 16.0 11 10-19 19 8 .26 

Controis 
a I Y0 

Levels 

missing 3 2.78 14 6.09 
SchooF 

Cases 
II Y0 

missing 58 53 -70 92 40.00 
Othe* 

2.0 - 3.9 36 33.33 41 1 7-83 
4.0 - 5.9 14 12.96 36 15-65 
6.0 - 7.9 13 12.04 29 12-61 
8.0 - 9.9 8 7.41 20 8.70 
10.0 - 11.9 1 0.93 20 8.70 
12.0 - 13.9 4 3 -70 15 6.52 
14.0 - 15.9 3 2.78 3 1.30 
1 16.0 6 5-56 - 20 8.70 
missing 9 8.33 26 1 1.30 

' Average electric ficId strength while Positronm worn in the home 
'Average electric field strcngth whik PositronTY worn at school 
' Average electric field strength whik PositronN worn in Idon dtsignated as "other" 
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TABLE 21 

Cornparison of Mun Ekctric and Magnetic Field ~#siircments - Chiid's Resideace 

Electric Fields (V'm) 

Day (worn) 

Night (worn) 

Total (worn) 

Magnetic Fields (pl') 

Day (worn) 

(proximal) 

Day Total (worn + prosimal) 

Night (worn) 

(proximal) 

Night Tobl (worn + proximal) 

Number 

Worn = measuremcnt taken whüe monitor wom on body 

S.D. - 
5.33 

8-69 

5.07 - 
O. 16 

0-16 

0.15 

0.17 

0-13 

0.13 - 

Number S.D. - 
6.85 

8.75 

6.84 - 
0.21 

0.24 

0.21 

0.33 

0.18 

0.19 - 
Proximai = measurement taken while m o n k  in close kximity to body 
Total (wom + proximal) = mcan weighted by time worn/closc proximity 
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TABLE 22 

CornpariSon of Mem EIectric and Magnetic Fkld Memoctmenb - 'Other" 

I Cases I Controls I 

Worn = measurement taken while rnonitor worn on body 
Roximai = measuremcnt takm while monitor in close pmximity to body 
Total (worn + proximal) = mean wcightcd by thne wodclose proximity 

Ekctric Fields ( V h )  

Worn 

Magnetic Fields UT) 
Worn 

Proximal 

Total (worn + proximal) 

Mean 1 S.D. 1 

TABLE 23 

Cornparison of Mean Electric and Magnetic Field Measrremen& - School 

Number 

204 

204 

15 

204 

Number 

99 

99 

7 

99 

Electric Fields (Wm) 

Worn 

Magnetic Fields @T) 

Worn 

Proximal 

Total (nom + proximal) 

Numbtr 

Mean 

6.44 

0-19 

0.26 

0.19 

cases 

S;D. 

7.78 

0.13 

0.35 

0 . 1  

Worn = measurcmcnt taken while monitor wom on body 
Proximal = measurement taken while monitor in close proximity to body 
Total (wom + proximal) = mean weightcd by time wonr/ciose proximity 

Mean 1 S.D. 



Univariate Analyses of EIedriï and Magnetic Fidd Erposures 

Personai Monitoriog 

The unadjusted odds ratios for time and location specific exposures ofelectric and 

magnetic fields as measUrrd by the Positron monitor are presented in Tables 24 to 27. 

The risk estimates are bas& on arithmetic means weighted by the time the petsonal 

monitor was worn or kept close by for magnetic fields and by time worn for electric 

fields. Because electric fields are so readily attenuated by the body, only those electric 

field strength measwes when the monitor was worn were considered to be diable. 

Quartiles of exposure were defined accordhg to the exposure distribution of the 

controls with no missing information- 

Al1 reported odds ratios were derived by conditional logistic regtession. 

Home Daytime average magnetic field exposures measured only while the monitor 

was worn showed a non-signiscant association with increasing risk and increasing 

exposure. These estimates of leukaernia nsk are based on an average of 12 hours wearing 

time fiom 7:OO to 2159 hours and are assumed to reflect 'usual' power conditions in the 

home. D a m e  average magnetic field exposures weighted by the time the monitor was 

worn and kept close by in the home showed no significant association with leukaemia 

risk. 

In contrast to magnetic field exposures, electric field exposures in the home were 

consistently associated with a risk of leukaemia Iess than unity. Because the monitor was 

generally not worn durhg the night, electric field strength is referring p h a d y  to 

daytime levels of exposure in usual power conditions. 

During the nightîime, defineci as 22:OO hours to 0659 hours, few children wore 

the monitor, but all kept it close by while sleeping. The assumption that low power 

conditions prevailed in the home at this tirne was confirmed by the lower values of the 



TABLE 24 

Childbood Leukaemia Risk in Relation to Magnetic Flux Density (pT) 
in the Cbild's Residencc as Measured by the Positron Monitor 

Missing 1 1-16 1 0.24 - 5.23 
Daytime Average Magnetic Field Weighted by T h e  Positron Worn or Kept Close By 

Quartiïes* of Esposure 

0.39 - 2.26 
Kept Close By 

Daytime Average Magnetic Field While Positron Wora 
Odds Ratio++ 

< 0.05 
0.05 - 
0.12 - 
2 0.22 

1 1 

Nighttime Average Magnetic Field Weightd by T h e  Positron Worn or Kept Close By 

95% Confidence Lntervd 

Quartiles bascd on distribution of exposure ùi controts 
** Matched analysis/conditional logistic rtgrcssion 

1 .O0 
1.32 
1.22 
1.79 

- 
0-63 - 2.77 
0.56 - 2.69 
0.82 - 3.89 

Nighttime Average iihgnetic Field While Positian Worn - 
0-1 1 - 1.48 
O. 15 - 2.70 
0.93 - 8.07 

c 0-04 
0.04 - 
0.09 - 
2 0.16 

1 -00 
0-4 1 
0.63 
2-74 
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TABLE 25 

Chilâhood Leukremh RWk in Relation: to EI-c Field Strength (V/mcttr) 
in the CUM'r hidence as Measurcd by the Positron 7Y Monïtor 

Quartiles* of Esposure Odds Ratioc* 95% Confidence Internai 
Average El& Field Strength Whik Positron W o m  Duiiig Day at Home - 

0.26-1 2 7  
0. 18-0-9 1 
0.20-0-98 
O. 10-1 -97 

(5.4 
5.4 - 
7.4 - 
21 1.4 
Missing 

1 -00 
0.57 
0.41 
0.44 
0 - 4  

Average Magnetic Field mile Positron Worn Dpriiig Day and Night at Home 
<5.5 
5.5 - 
7-5 - 
21 1.4 
Missing 

1 -00 
0-47 
0.53 
0.41 
0.45 

- 
0.21 - 1.05 
0.25 - 1-16 
0-19 - 0-92 
0-10 - 2-04 



TABLE 26 

Chiïdhood Lci ihmii  Rbk in Reiation to Elcrfnc Field Strcngth (VImeter) and 
Magnetic Flus Demity (PT) i t  &ho01 as M a s u d  by the Positron Moaitor 

Quartües* of Exposuir 

<0.03 
0.03 - 
0.07 - 
20. I4 
Missing 

c1.6 
1-6 - 
2.9 - 
25.8 
Missing 

Average ElCCfCIk Field Strtngîh Whik Position Worn at School 
Odàs Ratio** 9% Collfidtnct Interval 

Average Magnetic Field WbUe Positron Wom or Kept Close at School 

1-00 
0-43 
0.62 
0.83 
1.57 

O 

0-14-1 -39 
0.20-1 -92 
0.27-2-56 
0.66-3 -70 



cut-points definhg the quartiles ofmagnetic tlux density. Elevated nsks in both the third 

and fourth quartiles ofexposurr approached, but did not aaain, statkticd sipnincance at 

the 0-05 level. 

Schools As with daytime home exposures, increasing odds ratios with increasing levels 

of magnetic fields were observe& none achieving statistical signincance. The odds ratio 

denoting missing exposure information reflects the fact thet more cases than controls did 

not Wear the monitor to school- This was not related to the age when the monitor was 

worn nor the t h e  of year. Exponae to electric fields in schools showeà no relation with 

ieukaernia risk, 

Other Electric field exposures received outside home and school show odds ratios 

below uni@ with the highest exposure lwel king associated with a statisticaily 

significatlt reduced risk of leukaemia (OR=0.28,95% CI 0.1 1-0.7 1). Magnetic field 

exposures weighted by the t h e  the monitor was wom and kept close by were associated 

with signiscantly increased risks in the lower two quaailes (OR=3.45,95% CI 1.39-8.57 

and OR=2.8Oy95% CI 1-15-6.85) with an elevated risk also obsaved in the upper 

quartile, but which was not statisticaliy signincant uable 27). 

Summa y Indices of Personal Monitoring Erposure 

For the primary study hypotheses, summary measuns ofexposure were defined. 

These time weighted indices represented the electric and magnetic field exposures for the 

total monitored the  in all Iocations and in the child's residence exposures (Table 28). 

The average magnetic field weighted by the total time the Positron monitor was 

wom anaor kept close by et home, at school and in other locationsy was associated with 

significantly elevated odds ratios for leukaemia in the second (OR=2.58,95% CI 1.13- 

5.85) and fourth quartiles (OR=250,95% CI 1.1 0-5.71) of exposure, and with no 

evidence of dose-response relationship. 

Total average electric field exponne for the t h e  the monitor was wom at home, 

school and in other locations was associated with reduced leukaexnia nsks with in-ing 



TABLE 27 

Chiidhood Leukaemia ~ h k  h Reiation to ElcctnLc Field Strcogth (V~mcttr) 
and Magnetic Flux Dcnsity (PT) in cOth~r9c L o a t i w  as Mtasud  

by the Positron Monitor 

Quartiiesw of E.pooure 

O 'Other' defincd as lm*ons othcr than home and school 
mm Quartiles bascd on dii'bution of exposure in controls ** Matched andysis/conditional logistic rcgrcssion 

<J -5 
3.5 - 
6.5 - 
21 0.8 
Missing 

Average Electric Field Strcngth While Positron Worn In COthcr' Locations 
I I 

OR*** 95% Confidence Interval 

Average Magnetic Flux Dcnsity m i l e  Positron Worn or Kept Close By In 'Other' 
Locations 

1 -00 
0-84 
0.52 
0.28 
0.65 

- 
0.39-1 -78 
0.23-1 -17 
0.1 1-0-71 
0.24-1 -78 
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TABLE 28 

Childhood Lcukaemia Risk in Relation to Siimmary h d b s  
of Magneüc Field Flux Deasîty (PT) and ElcebK Field Strength (vh) 

as Measund by the Positron Monitor 

Average Magnetic Density ( 

Quartiles' of Eirposure 

Electric Field S-ngth (v/m 

Missing 
Electric Field Sfnngth (v/m 

Average Magnetic Flux Densiîy (PT) Home, School, m e c  
Odds ht io4  

95% Confidence 
I'rvd 

'Quartiles based on distribution o f  exposure in controls 
' Weighted by time Positron wom or kept close by 
' Weighted by time Positron worn 
'Matchcd anatysis/canditionaï logistic regression 

1.13-5.85 
0.69-3.32 

2-50 1.10-5-71 

0 -95-4-76 
0.69-3 -32 

1 .O0 
0.6 1 
0.41 
0-46 
0.26 

- 
0.28-1.34 
0,18-0.94 
0.20 -1.04 
0.05-1 -52 '- Home 

1-00 
0.47 
0.53 
0.4 1 
0.45 

- 
0.21-1 -05 
0.25-1 .f 6 
O. 19-0.92 
0.10-2.04 
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levels of exposurp. The reduction in nsk atta.ïned statisticai significance for the third 

quartile of exposure (OR=0.41,95% CI O. 18-0.94). 

To facilitate comparisons of odds ratios, magnetic field exposurcs for home, 

school and "other" were re-calcuiated using the cut-points definhg the quartiies of the 

monitored exposure at home mble  29). Risk estimates changed M e  for total exposures 

as home exposures were the major contributors to this total exposure. The estimates of 

risk based on "oher" exposures lost some signincance at the lwel of second q d e  as 

it was redehed to a lower level of exposure. 

Leukaemia risk was examinecl accordmg to age at dïagnosis @ble 30)- Cbildren 

who were less than six years of age at the tirne of diagnosis were o b m e d  to have 

statistically signifiant elevations in leukaemia risk in relation to total monitored 

magnetic field exposure. For total magnetic field exposure, the risk of leukaemia was 

statistically elevated in the second (OR=4.58,95% CI 1 .39-lS.O9) and fourth quartiles 

(OR=4.42,95% CI 1.24-1 5-75), Similar elevations in risk were evident for home 

exposures, however, the hdings were not statisticaily signifiwit- In contrast, the 

correspondhg risk estimates for children diagnosed at age six yem or older were 

substantially lower and none attained statisticai significance. 

For total exposure and residential exposure to al1 levels of electric fields, 

leukaernia risk estimates were below unity with the exception of two levels of exposure in 

the home which were greater than one flable 3 1). 

Stratified analyses were canied out to evaiuate leukaemia risk in relation to 

calendar year of diagnosis Gable 32). Children diagnosed before 1990 had higher risks 

of leukaemia than those diagnosed in 1990 or later. The highest nsks were observed with 

the highea levels of exposure, but very wide confidence imetvds for magnetic fields 

OR=7.51,95% CI 1.2-46.9 (total); OR=4.80,95% CI 0.86-26.84 (home) underlined the 

instability of the estimates. 
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TABLE 30 

Childhood LeuJmtmU Rbk and Exposurc to Magnetic Fhs Density (pT) 
by Age at Diagnosis 

Age i t  Diagiosis 

Average Magnetic FIUS Density - Home, School rad 'Othcr' 

Quartiles of 
Exposure* 
(PT) 

Quartiles basai on distribution of exposure in cbnmls 
** Matched anaIysis/conditional logistic regrusion 

<.O5 
.O5 - 
-10 - 
>.17 - 

* 6 Ycrm 
Oddr Ra&;* 95% CI 

< 6 Years 
Odds Ratiof* 

Average Magnetic Flux Dcnsity - Home 

1 -00 
4.58 
2.50 
4.42 

95% CI 

- 
1.39 - 15-09 
0-78 - 7.96 
1.24 - 15.75 
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TABLE 31 

Cbildhood Leaïutmi. Rbk and Exposun to E k t r k  Field Strengtb (vfm) 
by Age i t  DiagnosW 

I Age at Dbgnosis 

Quartiles of 

I I I 

Average Elcctric h d  Strength - Home, School and 'Other' 

I 

< 6 Years 1 - 6 Yars  
Exposure* (dm) 

(4.5 
4.5 - 
6.5 - 
p9.5 - 
Missing 

Average Elcetrie Field Strength - Home 

Odds Ratio** 

Quartiles based on dimiution of exposurc in controls 
** Matched anaIysis/conditional logistic regression . 

Odds Ratio*' 95V0 a 

- 

6 . 5  
5-5 - 
7-5 - 
21 1.4 
Missing 

95% CI  

- 

1.00 
1.63 
0.64 
1.14 
0-98 

0.50 - 5.29 
0.22 - 1.87 
0.39 - 3.35 
0.13 - 7-40 
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TABLE 32 

Chiidhood k h e m l l  Risk amd Exposuce to Magnetic Flus Dcisity @T) 
by Year of Diignosis 

Quades of 
Exposure* 

cm 

Yur of Diagnosis of Case or Rtfereaec Ymr for Controis 

Before 1990 1990 or Later 
Odds Ratio** 95% CI Odds Ratîo** 95% CI 

Average ~ a g n d c  Plus Dcarity - Home, School and '0ther9 

Average Magneîic Flux Density - Home 
I 

Quartiles based on distniution of exposure in controis 
** Matched analysis/conditional logistic regrcssion 
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Acute lymphoblastic leukaenlia (ALL) is the major histologie subtype of 

childhood leukaernia and this is reflected in this study population. The relationship 

observed for electnc field exposures and ALL was essentiaiiy unchangecl h m  that for a i i  

leukaemias, with all nsk estimates but one less than unity (Table 33)- Risk estimates in 

relation to magnetic field exposures increased slightly for ALL from those evaluated for 

al1 childhood Ieukaemias (Table 34). 

When ALL was examined according to age at diagnosis, childrcn diagnosed at 

less than six years of age were at significantly increased ri& at the highest quartile of 

magnetic field exposure for total and residential magnetic field exposure although the 

estimates were not statisticaily stable as suggested by the width of the confidence 

intervals pable 34). For childten who were less tban six years ofage at diagnosis, a 

pattern of increasing risk with increasing exposure was observeci for magnetic fields in 

the home, 

The recent report by Miller et al. (1996) of electric power utility workers and 

occupational exposures to EMF suggested that there might be some interdependence of 

electric and magnetic fields with respect to adult leukaemia To test the possibility that 

electric and magnetic fields might inte- in some etiologic manner for childhood 

leukaemia, odds ratios were calculated using a mode1 with categorically defined 

exposures of electric and magnetic fields (Tables 35,36). For residential exposures, 

notably the odds ratio for the fourth quartile of electric field exposure Q11.4 dm) within 

the lowest quartile ofmagnetic flux density (e0.04 PT) was above unity which is a 

reverse in direction fiom that consistently observed with the univariate analyses of 

electric field strength. The odds ratio for the fourth quartile of magnetic flux density 

m.18 PT) with low electric field sttength (c5.5 dm) in the child's residence attained 

borderline statistical significance (OR=6.39,95% CI 1.00-40.68). None of the interaction 

terms were statisticaily significant. Risk estimates which included the interaction 

between total exposwe to electric and magnetic fields were also calculated and similarly 

showed no significant interaction terms nor was there evidence ofany important shifts of 
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TABLE 33 

Acute Lymphoblistic Lerkaemii Risk and Erposure to Elcmie Field Streagth (vlm) by Age i t  Diagnosis 

O~EXDOSU~C 1 oddshtio** 1 95% CI 1 Odds Ratio** 1 95% CI 1 Odds Ratio+* 1 95% CI 
. 

Average Electrie Field Strengtb - Home, School, 'Other9 

<4,5 
4 s  - 
6.5 - 
29.5 
Missing 

Average EIeetrie ~ k l d  Streigth - 1 
I 

e . 5  
5.5 - 
7.5 - 
W . 4  
I 

Missing 

* Quartiles based on distribution of exposurc in controls 
** Conditional logistic regrcsfiion 
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TABLE 34 

Acute Lymphobhstic Leukacmia Risk and Exposure to Magnetic Flux Dcasity (PT) by A g  at Diaposin 

Quartiles of 
Exposure* (PT) 

I Al1 Aga I Age at Diagioais < 6 Ynn I Age at Dhgnosis z 6 Years 

Average Magnetic Field - Home, Srhool, 'ûtber9 

Avenge Magnetic Wield - Home 

Odds Ratio** 

* Quartiles based on distribution of exposure in controls 
** Matched analysis/conditional logistic regression 

95Y0 CI Odds Ratio** 95% CI Odds Ratioa* 95% CI 



TABLE 35 

Childhood Leuhemi. Rîsk (Odds Rafios* and 95% Confidence Intemls) in 
Relation to Expsiire to the interactive E f f i  of Elcrtnc and Magnetic Fields - 

Home SchooI and Other 

Magnetic Fiur 
Density (PT)** 

0-90 
(O- 19-4-30) 

0.69 
(O. 12-4-13) 

* Matched analysîs/conditional logistic regression 
** Quartiles based on distribution of exposurc among controls 



TABLE 36 

Chiidhood LeuLiemt Risk (Odds Ratios* and 95% Confidtnct Intervais) in 
Relation to Exposuce to the lateractive E f f i  ofElccbic and Magnetic Fields 

in tbe Cbild's Rcsidence 

Elcctrk Field Strength (v/m)** 

Magnetic Flus 
Density 

1 -00 
(O. 184.5 1) 

6.39 
(1 .ûû40.68) 

Conditional logistic rcgrrssion 
** Quartiles bascd on distniution of exposurc among controls 

cS.5 

1 .O3 
(O. 1 8-5.90) 

5.5- 



the exposures of interest h m  the estimates derïved h m  univariate analyses. As 

assessed by the Wrelihood ratio test. ovedl the models with interaction did not improve 

the fit compared to the models without interaction (electnc and magnetic fields in the 

mode1 without an interaction term)- 

Wiring Configuration 

In testing the association between wire codes and 1eukrtcmia risk with respect to 

curent residence, small numbers in the VHCC necessitated a rrgrouping and therefore 

VHCC and OKCC were combined (TabIe 37)- Odds ratios were also dcdated with 

apartments, for which a wire code was not assigne4 treated as a separate category to 

maintain the full representation of residences (Table 38). There was no evidence of 

increased risk associateci with wirr code although living in an apartment did show an 

elevated, but non-signifiant, risk (OR=2.12,95% CI 0.68669)- Indeed, the more 

cornmon situation was that most wire codes showed a decreased risk. 

Residential CbrrracterWtics 

How characteristics of the residence might cause &or iduence exposures to 

electric and magnetic fields has not been well shdied. Information about the type of 

- residence (cg. single family, qartment), age of the home, type of heating and 

construction maîerials wcre gathered as pari of the interview process. When visiting the 

home for the purpose of taking inside andlor outside measurements, the technician also 

characterized the midentid type- Each charactentstic of the cunent residence was 

subsequentiy eXBIllllled in relation to electric and magnetic fields based on personal 

monitoring H e  the Positron was wom at home flables 39,40). With the exception of 

residential type and the age of the home, there was little hetemgeneity in housing 

characteristics by which to evaluate leukaemia risk. Because these are current residences, 

and by definition locatcd in the catchment area, wnstruction material was almost 

M o d y  brick which is in confonnity with the building code in effect in the catchent 

area at the t h e  the majority of these residences were built It is possible that there wiU 
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TABLE 37 

Cbildhood Leakaemil Risk and W i n  Code oflument Residence 
Unidjusted Odds Ratios and 95% Confidencc ïntervib 

Wertheimer and taper I 
VLCC 
OLCC 
OHCC/VHCCf * 

Wertheimer and Leeper (modincd) 

Undetground 
VLCC 
OLCC 
OHCC/vHCC+* 

h u n e  Code 

Matchcd analysis/conditional logistic rcgression 
8 8 Combhed because of srna11 numbcrs 

Low 
Medium 
High 

1 .O0 
1 .58 
0-10 

C 

0.76 - 3.30 
0.01 - 0.75 
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TABLE 38 

l lo 

Chiidhood Leukaemt Rirk and W i g  Codgumtion Iadiding Apirtments for 
C~vrcnt Raidence - Unadjasteù Odds Ratios and 95% Confidence Intervds 

Wertheimer and Lctper 

VLCC 
OLCC 
OHCC/VHCC** 
Apartments 

95% Confidence 
Intend Wire Code 

Kaune Code 

OR* 

Matched anaiysis/conditionai iogistik regression 
Combined due to small numbers 

Low 
Medium 
Hi& 
Apattments 

1.00 
1 -60 
0.09 
2.29 

- 
0.79 - 3.27 
0.0 1- 0.72 
0.72 - 7.26 
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TABLE 39 

c.scs T Controis 
Magnetic Fiercl Magnetic Field 

1 n 96 (PT) - man* 1 R - man*  
Type of Resiüènce 

Before 1930 
1930 - 1949 
1950 - 1969 
1970 or later 
Unknown 1 6 5-6 020 ( 7 3 -0 0-19 
Construction MàterUIl 

181 783 0.12 
20 8-7 0.25 
17 7-4 021 
1 0-4 029 

11 4.8 024 

HouseDuplex 
Semi-Detached 
Townhouse 
Multi-mit dwelling 
Apartment 

Brick 
Aluminwn siding 
Woodsiding 
Other 

Year BuUt 

74 68.5 0-12 
7 65 O. 10 

12 11-1 0.22 
5 4.6 026 

10 9.3 0-12 

Unknown 1 - - - 2 0.9 0.03 
Type of HerrfUIg 

based on ptrsoaal monitoring with PosiPon wom uid/or close by 

Water 
Elect"c 
Gas 
Oil 
Othcr 
Unknown 

7 6.5 0-12 
I l  10.2 0-17 
7 1 65-7 0.12 
11 10.2 0-18 
6 5.6 0-17 
2 1 -9 0.18 

9 3 -9 0.13 
32 13.9 0-1 L 

156 67.8 0.15 
25 10.9 0-19 
6 2-6 0-05 
2 0 9  0.03 
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TABLE 40 

ChancttrWtia of Curent Raidence and Electric Field Stnngtâ 

I R % ~ i m  -mein* 1 n O/. V/m - mean* 
Type of Residence 

Case5 
Electric Field 

House/Duplex 
Semi-Detached 
Townhouse 
Multi-unit dwelling 

Controb 
Electric Fieid 

Apartment 1 10 9.5 5.6 1 8 3 -7 6.2 
Year Buü" 

Brick 
AIuminurn siding 
Woodsiding 
Other 
Unknown 
Tvpe of Heatiig 

Before 1930 
1930 - 1949 
1950 - 1969 
1970 or later 
Unknown 

7 6-7 8.6 
4 3 -8 9-7 

25 23.8 8.5 
63 60.0 8.4 
6 5-7 3.8 

+ based on personal monitoring with Positron wom 

Consa~cfion M a t e ~ I  

Water 
Electric 
Gas 
Oi1 
Other 
Unknown 

7 6-7 7-7 
t 1 10.5 102 
69 65.7 7.9 
10 9-5 9 2  
6 5-7 9.6 
2 1 -9 2.8 



be an opportunity to examine more diverse characteristics when aü previously reported 

residences are taken into accouat- 

Multi-unit dwebgs,  other than apartments, had the highest levels ofmagnetic 

fields for both cases and controls, whereas houses/duplexes had the highest levels of 

electrk fields. For proportionately more cases than controls, the curent resïdence was an 

apartment. This is suggestive ofa rental arrangement and is consistent with the 

observation of higher residentil mobility among Cases than controls. Cases residing in 

aparûnents had on average, lower measured magnetic fields than did controis. 

Older homes tended to be associated with hïgher magnetic fields but no pattern 

was observed for electric fields by age of the residence. 

#en the effect of magnetic field exposures was evaiuted while a d j h g  for age 

or type of residence, it was found that each influenced the estimate of leukaemia Rsk 

However, because these parameters are related to magnetic flux density, it is possible that 

controllhg for such characteristics could be regarded as overadjustment and the decision 

was taken not to include them in the multivariate model. 

Extemai Environmental Factors 

Temperature, by influencing power consumption, is known to a f f i  the load on 

power lines and the magnetic field exposures within the home. Hence, both temperature 

and power consumption influence residential magnetic flux densities. Cases and controls 

were compared with respect to calenda month at the time the Positron was worn, albeit a 

crude approximation to the measurement of temperature, and were found not to differ. 

To aumunt more specifically for environmental inffuences such as temperature, the 

average daily temperature for Toronto was obtained for the &te when the monitor was 
- first worn (Environment Canada). Mean magnetic flux density was observeci to change 

with temperature changes h m  moderate to extreme. For example, very hot and very 

cold temperatures are associateci with the highest magnetic fields (T'able 41). 
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TABLE 41 

Ambient Air Temperature* and M.gneüc Flm Dcnrity @T) 
as M m s d  by Ptmonal Monitoring Wiin the Chiid's Residence 

At date Positron was wom 

Temperatun O C  

2 fOor<20 

Mean and Standard Deviation 
Cases 

0-12 * 0-13 
Controls 

0-12 i 0-15 



Average daily power cunsumption (megawatts) for the province of Ontario was 

obtained for each day ova  the duration of the study (Ontario Hydm). A linear 

relationship exists between power consumption and magnetic fields. As for residential 

characteristics, these parameters might contribute to the misclassifIcation of the exposwe. 

It may be debated whether adjustment for temperature or p w n  consumption represen. 

"overadjustment" in the modelling process and therefore, may be inapproppriate- 

Rather than use pst-hoc adjustment, a correction factor for power wnsumption 

was applied to magnetic field exposures in the home. Evidence h m  a separate nwey of 

12 homes in the catchment ara in which a Positron monitor was p l d  in a fixed 

location in each home for a period of one to two years showed that the variance of the 

daily mean magnetic field was reduced by approximately 50% with the application of a 

correction fmor for the M y  average power consumption- This correction factor served 

to remove those dinaaiccs in magnetic field strength which might be due to differences 

in power co~lsumption: in other words, magnetic fields were "standardized" for power 

consumption over the pen*od wkn  al1 measurements were taken. Odds ratios for al1 

-subjects by age at diagnosis were calcuiated for magnetic fields in the home comcted for 

power consumption (Table 42) and diffêred fiom those without correction in uiat a more 

monotonie increase in ledcacmïa risk with incte8siag exposure was observai for children 

of al1 ages and those less than six years at the time of diagnosis. 

Point-in-Time Measuremeats of Magnetic Flur Density Inside the ChW9s Raidence 

Leukaemia risk estimates (univariate) for point-in-time inside measurements 

(Table 43) are pmnned to provide a refetence with some of the previously published 

studies. Magnetic field exposures in the chiId's bedroom and for a weighted average of 

exposures in the kdim>m and two other rooms most fkequently occupied by the child 

showed no significant 8ssociations with leukaexnia risk. 
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TABLE 42 

Childhood Leukicmia Risk in Relation to Expoaurt ta Magnetic Fklda in the Childi Rtsidenee 
(Correctcd for Power Consomption) - Univariate Analysis 

Odds Ratioh* 

Age at Diagiosin < 6 Y ears 

Odda Ratio*" 

Age r t  Diagnosis > 6 Ytars 

Odds Ratio** 

1 .O0 

i .40 

0,94 

1 -54 

* Quartiles bascd on distribution of cxposure in controls 
** Conditionat logistic regression 



TABLE 43 

Chiidbood Leabernia Risk in Rclotion to m e t i c  FIPr Density (PT) 
for Point-in-Time Measunmtnts Iiwidt the Chiid's Residence 

UaEvarhte Analyses 

>0.13 - 1 1.46 1 0.70 - 3.04 
Child's Bedrioom - Correctcd for Power Consiimption 

<0.03 
0.03- 
0.06- 
20- 13 

Consumption 

<0.04 
0.04- 
0.07- 
~0 .15  

' m e s  basai on distribution of exponirr in conao~s 
Conditionai logistic rcpssion; matchd analysis 
' Average wcighud by coefficients derivcd from repession of point in thne mcasurements 

and personal monitoring in the home 

~ v e r a g e ~  of Child's Beàroom, =Room 1" and HRoom 2" 

1 ,O0 
1.27 
1.23 
1.3 1 

- 
0.63 - 2.56 
0.56 - 2-68 
0.61 - 2.80 

Average3 of Chiid's Bcdraom, uRoom 1" and =Room 2" - Correctcd for Power 

1 .O0 
1.19 
1.23 
1.1 1 

O 

0.56 - 2.53 
0.55 - 2.74 
0.50 - 2.50 



Multivariate Analyses of Electrk and Magnetic Field Esposurcs 

The m u l t i ~ ~ a t e  models evaluating leukaemia risk in relation to exposure to 

electric and magnetic fields included thor  variables identifiecl fiom the non-EMF 

univariate aiislyses with apvalue of ~0.20 .  These variables were included in a bachvard 

stepwise conditionai logistic regression and the rcsuits, reprcsenting a fUy adjusted 

model, are reported in Tables 44 and 45- Total magnetic field exposure ovcr the time the 

monitor was worn showed an elevation in risk for each exposiae level with the second 

and fourth quartiles attaining statistical significance, For average residentiai magnetic 

field exposures, which wcre higher than the overali average -sure, odds ratios were 

similarly elevated and statistical signîficance attained in second and fourth quartiles 

(OR=4.43,95% CI 1.50-13.1 1 and OR479,95% CI 1.66-13.88). Adjusted odds ratios 

for residential magnetic fields corrected for power consumption reflected increasing nsk 

with increasing exposure although the trend was not statistïdy significant. All levels of 

magnetic field exposure above the referent comcted for power coosumption were 

statistically signincant pable 44)- 

Models with aâjustment for potential confounders resulting fiorn the application 

of stepwise regression showed odds ratios for electric field exposures consistent in 

magnitude and direction with the univariate anaiyses, AU odds ratios for leukaemia risk 

were below unity with the upper quartile for electric field otrrngth el 1.4 vfm) in the 

home showing a signincantiy reduced odds ratio (OR4.3 1,95% CI 0.1 1-0.90). 

Details relathg to the models and the explanatory variables for magnetic field 

exposures within the home as measured by personal monitoring are presented in 

Appendix B. 

Multivarïate d y s e s  were also carried out for point-in-time measurements of 

magnetic fields inside the home (Table-46). For the child's bedroom, the effect of 

adjustment for potential confounders was to increase the odds ratios for magnetic field 

exposum which were uncomcted and comted for power co~lsumption. The adjusted 
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TABLE 44 

Adjusteà Chi& Ratios for CLUdhood Leukaemir RibkAcicordmg to Siimmary 
Indices of Flvr Deasity (PT) as Measuicd by tJ~e P m h n  Manitor 

I I 
Average Magnetic Flux D e n s w -  Home, School, Other 

QuartUes of E x ~ ( ~ u c e ~  Adjusteà Odds Ratio I 9S% Confidence Interval 

<0,05 
0.05- 
0-10- 
20.17 

Adjusted for family income; msidcntial mobility; mother's ducation; mother's use of hair colouriag 
products during or  just priar to pregnancy; child's exposure to agriculaual sprays, insectlkides; matmial 

e0.04 
0.04- 
0.08- 
20.18 

smoking during pregnsncy; csescuean delivery; numbef of siblings; bistory of cornmon childhood diseases 

Average Magnetic Fliu D c n s w  - Home 

1-00 
3 -75 
2.43 
8.58 

' Adjwîed for h i l y  mm&; residcntiai mobility; child's cxponuc to rgricultural sprays and msedcida;  
mother's use of hak colouring products during or just pnor to pregnancy; number of siblings; history or 
comrnon childhood discases 

C 

1.23 -1 1.47 
0.78 - 7.57 
2.30 - 31.90 

Average Magnetic Flux Dcnsity4 Correctcd for Power Consumptbn - Home 

1 .O0 
4.43 
2.37 
4.79 

' Adjusted for family income; midential mobility; mother's education; chi1d's e x p s u n  to agricuitural 
sprays, household bleach (protectivc), insecticides; cesarean delivecy; number of sLblings; materna1 
smoking during pregnancy 

- 
1.50 -13.1 1 
0.85 - 6-62 
1.66 -13.88 



TABLE 45 

Adjutcd Odds Ratios for Childhood LepL.emia Rbk Accordiag to S u m m i y  
Indices of.Elcetnc Fiid Strength (Vlm) u MkasPrcd by the Poriiron Monitor 

Missing 1 0.58 1 0.07 - 4.67 
Total Electric Fiehl Strength3 - Home 

Q u a d a  ofEspoliire' 

(5.5 
5.5 - 
7s - 
211.4 
Missing 

' Based on distribution of exposure in controls 

Total Elcctiic Field StnngthL- Home, Schooi, Other 

Adjusfed Odds Ratio 

* Adjusted for h i l y  marne; residential mobility; chitd's exposure to agricultural 
sprays, household blawh @rorective), hccticides; i n h t  feeding practk 

%./O Confidence Interval 

Adjusttd for b i l y  incorne; rcsidential mobility; child's exposwc to agcicultural 
sprays, household bleach @rotCaive), insecticides; infant fceding practice; number 
of siblings 



TABLE 46 

Adjusted Odds Ratios for Childhood LePlrriemia Rbk for Mignetic Fito lknsity 
(PT) for Point-in-Time Mkmarememts b i d e  the Chiid's Rcsidence 

Quaitilalof Erpasure OR2 1 95% Confidence Intervd 
Child's Bedroom' 

e0.03 1 .O0 - 
0.03- 1.39 0.55 - 3-50 
0-06- 1.84 0.65 - 5.20 
20-13 2.59 0.97 - 6.92 
Chüd9s Bedroom4 - Correctcd for Power Consumption 

c0.03 1 -00 - 
0.03- 1.33 0.51 - 3.44 
0.06- 2.04 0.74 - 5.62 
>O. 13 - 2.00 0-76 - 5.27 
~verage- of Chiid's Beàroom, &Room ln and "Room 2" 

<0.04 1 .O0 - 
0.04- 1.09 0.41 - 2.91 
0.07- 1 -94 0.72 - 5.21 
20.15 1.10 0.39 - 3.1 1 
~verage" of Chiid's Beàroom, &Room 1" and YRoom 2" - Comdcd for Power 
Consumption 

' Quaniles bascd on distribution of expasurc iu c o a ~ l s  
Conditional logistic regression; matchcd analysis 

' Adjusted for h i l y  income; residential mobility; child's exposure to agrïcultural sprays, insecticides, 
household bleach; infant fccding prad'ces; siblingship 

' Adjusted for family marne; rcsidmtial mobility; child's exposure to ecuItural sprays, insecticides, 
household blcach; diseases in the motha during or just prior to phgnancy 

' Average weightcd by cocfl'icients derived h m  regression of point in time measurements and personal 
monitoring in the home 

Adjusted for fmily income; residential mobility; child's exposwe to @culaual sprays, insecticides; 
diseases in the rnothcr durlng or just pnor to pregnancy 

' Adjusfed for fmity income; rcsidential mobility; child's exposure to agricultural sprays, insecticides, 
household bleach; siblingship 
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odds ratios for the average magnetic field exposrar m d  in t h e  mms occupied by 

. the child (bedroom and two other fkquentiy used mm) uncomctcd fbr power 

consumption showed no evidence of increasing ri& with increasing magnetic field 

exposure. Corresponding oàds ratios for this average expsine with corrections for 

power consumption showed a significant elevation in risk at the third quartile of exposure 

(OR=3 .009 95% CI 1 .OS-8.52) and an eIevated risk approaching -cal signiscance at 

the fourth quartile of exposure (OR=î.Sl. 95% CI 0.926.85). 

Adjusted odds ratios were calculated for the Wertheherand Leeper and Kaune 

wiring codes. There was no relationship betwem any level of the Wertheimer and Leeper 

wire code and the risk of 1euLaemia The risk estimates were similar to those pnor to 

adjustment. However, the Kaune wire code designating 'medium' cumnt configuration 

was associated with a statistidy signifiant increased risk of leukaemia (OR=3.lO, 95% 

CI 1.04-9.2 1) a h  adjustment The Kaune 'high' cumnt configuration wire code was 

associated with a signifiant decreased risk (OR4.04,95% CI 0.0003-0.40) with no 

overlap of the confidence intervals between these two categones mable 47). The 

univariate estimation of ri& for apartments showed a non-signincant twofold elevation in 

risk, which attenuated notably with sdjustment for those covan-ates specified in Table 47. 
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TABLE 47 

Adjuted Odds Ratios for Chiidhood Leukatmi.. and Wiring Conngarition 

VLCC 
OLCC 
OHCC/VHCC 

WVing Comliguration 

Apartments 1 0.59 
Kaune Code2 

Wertheimer and ~eeper' 
Odds Ratio 

' Adj& for fuaily incorne; midentid mobiliw child's cxposure to household blash, ~ - c u l t u r a l  
sprays, insecticides; mother's exposure to pesticides during orjust prior to prcgnancy; discases in the 
mothcr during or just prior to pregnancy 

%% Codïdenœ Intewd 

Low 
Medium 
High 
Apartments 

' Adjustcd for hmily incorne; residcntial mobility; nce; child's cxpaaure to household blach, agriculturai 
sprays, insecticides; mother's exposure to pesticides during orjust pcior to prcgnancy; diseases in the 
mother during or just prior to phgnancy; infant fceding practices 

1 -00 
3.10 
0.04 
0.47 

- 
1-04 -9.21 
0.003 - 0.40 
0.06 - 3.45 
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DISCUSSION 

This study reports as~ociations between childhood IeuGaemïa and exposures to 

electric and magnetic fields as recordecl by personai monitors wom by chil- both 

those who have had Ieukaemia aad those who have not. Exposures relate to the child's 

activities in the home, at school and elsewhere. Residentid exposurcs are of partkuiar 

interest, but especially for older children, do not represent the total exposiae opportunity. 

It is possible tbat studying children whose exposure opporhinities are more 

limited than addts, most defnitely in duration, but ais0 likely in diversity, might 

facilitate the identification of a causai met& of electric and magnetic field exposure 

should one exîst. This saidy has ais0 endeavouiied to obtain wmprthensive information 

on known and possible ri& factors for childhood leukaemia as weli as confounders to 

adequately control for characteristics or circumstances which might confbse an 

association with leukaemia risk and the exposure of interest. 

in its entirety this investigation o f f i  more complete exposure information than 

previous studies about elect& and magnetic field exposum not only in tenns of previous 

residential exposures but also exposures other than in the home such as in schools and in 

child care settings. Although the findings presented h m  rcprcsent ody a part of the 

wmprehensive investigation which wiii consider exposures in previous residences and 

elsewhere, these hdings provide information about EMF exposures which is the most 

comparable with completed studies to date as most have mide r rd  only the chilcireas' 

current residences. Notwithstanding this aspect of comparability, this is the only study to 

report electric and magnetic field exposures in childnn as measund by personal 

monitoring. Thae is one other study evaluatuig childhood leukaemia risk in which 

personal monitoring has been used as part of the exposure assessment (McBride et ai., 

1997). This study is in the finai stages of analysis end hence the findings are not 

available for cornpaison. Among the pubüshed d i e s  which offer the most meanin@ 

cornparison are those in which magnetic field cxposures wac assessed by point-in-time 

measurements or 24-hour wntinuous monitoring in specific locations. 



It is well known tbnt tbat are substantiai spgtid and tempord variations of 

magnetic fields within residcnces @onnelly and Agnew, 1991; Dovan a al., 1993; 

Friedman et al., 1996). Power consumption fluctuates durhg the day and is elevated 

around 7:00 to 9:00 am and again amund 5:ûû to 7:00 pm, times which coincide with 

activities to start the day and the dinner hour. This is why several previous hidies have 

taken measurements under what bas been labeled "hïgh" and "low" power conditions. 

The personal monitoring data presented here confimicd the prescnce of hi- magnetic 

fields during the &y and lower magnetic fields at nighttime- There are considerable 

ciifferences in magnetic fields between rooms and it is to be expected tbat children will 

move throughout the home durhg the day and spend varying amounts of tirne in different 

rooms. Expience in the pilot study @onnelly and Agnew, 1991) for this investigation 

showed for example, that the child's bcdroom was ofkn associami with the lowest 

exposures. For these reasons it was thought that a child wearing a monitor would best 

estimate the magnetic fields in the home thus providing the justification for the primary 

study hypothesis explorhg the relationship betwcen leukaemia n s k  and electnc and 

magnetic fields dcrived from personal monito~g. 

In mis study thm wes evideece of an association between exposure to magnetic 

fields measured by monitoring the child's usiul activities ova a 48-hour period and the 

nsk of developing Icukacmia. The rrlaîiomhip existed for total magnetic field exposure 

recordecl while the monitor was with the child as well as for exposures specifk to the 

child's residence wiiich was the primary Some of exposure for al1 children. The - 

association penisteù after adjustment for potential confounders with some oMs ratios 

increasing in magnitude and attainïng statistical significance. 

Of the multivariate analyses of leukaemia nsk and EMF, those relating to 

exposures in the child's c m n t  residence are thought to be the most informative. 

Experknce fkom the pilot study for this investigation showed that adults and children 

living in the same residence have similar magnetic field exposures. Therefore, even 

though the child was o l d ~  et the t h e  of wcaring the Positron monitor (an average of 2.8 
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years had lapsed since diagnosis), the magnetic field exposures in the home were unlikely 

to have changed substantially over tirne or with home act-ivïties related to the age of the 

child. Hence, the current measurements of magnetic fields in the child's residence are 

thought to be a close approximation of those several years before. Moreover, for 

children, the home appears to be the most important source of exposure* 

Although the su- mepMc of 'total average' represats magmtk field 

exposures of the child in alI locations where the monitor was worn or kept close by, this 

may not be the best index of exposure for severai reasons. Although magnetic field 

exposures in schools are expected to show similar stability as homes over the t h e  perïod 

of study, for very few childrcn the schwl attended at the time the monitor was wom was 

the same as the school attended (ifapplicable) during the period ofinquiry. Furthemore, 

the location or activities in which the ewposures were maisined 'other' than home or 

school were not recorded in detaii on the log sheets and thmfore, it is not possible to 

assess how these might be representative ofexposurrs in the time period of interest. 

The subjects who wore the Positron monitor represented a subset ofthe entire 

study population defhed by the k t  that the residence in which they were living was 

relevant to the pcriod of inquiry. For more than haif of the subjects, 65% of the period of 

inquhy was represented by the time lived in the current residence. 

It is for the t.easons describeci above that in this study home exposures adjusted for 

potential confounders are thought to best descn'be the relationship between magnetic 

fields and chi ldhd leukaemia. 

If personal monitoring has in fsct pFovided a superior estimate of exposun 

because it is a more dKect measurement, this would expiain why the findmgs differed 

fkom those obxrved by Savitz et al. (1988) who used point-in-time measurements and 

nom the sqidy by London et al. (1991) which used 24-hour continuous rneasutements in 

specific rooms such as the child's bedroom. Linet et al. (1997) claimed no relationship 



between summary residential field.exposures derived fiom 24-hour measurements in the 

child's bedroom and 30-second measurements in several other rooms, and the rïsk of 

acute lymphoblastic leukaemia, The stationsry positionhg of a monitor in a few rooms 

does not capture the spatid variation of megaetic fields within the home and point-in- 

tirne measurements do not reflect changes in magnetic fields ttwughout the &y. In this 

study, the associations between childhood leukaexnia and point-in-time measutements of 

magnetic fields in the child's bedmorn and two other moms were non-significantly 

elevated and were compatible with the findings ofthe studies noted above- 

The strength of association with magnetic fields was more pmnounced for 

children who were less than six years of age at the t h e  of diagnosis. This might be 

attributed to diffetentid susceptibility of younger chiidren but it is also possible that the 

measured exposure is a better representation of the relevant etiologic time pend for 

younger children than it is for older children. The different eff- by age might alsa be 

due to the fwt that the yotmger children are at home more than school age children. In 

terms of the pend of inquiry, which is by definition shorter for younger children, the 

proportion of the time residing in the current residence relative to the total period is 

substantially higher for younger children although this did not difEer between cases and 

controls: Further, magnetic field levels were gendly  higher in homes than schools and 

if cumulative exposure is an appropriate metric, this might be one explanation for the 

enhanced effect in children diagnosed at a younga age. Rclated to this was the more 

pronounced risk for children with acute lymphoblastic leukaemia, the ce11 type which 

accounts for proportionately more leukaemias in younger than older children. 

No effcct was observeci for electric field exposure and childhood leukaemia in 

this study which is consistent with previous research (Sa~tz et al., 1988; London et al., 

1991), although these studies evaluated electric fields derived from point-in-the or 24- 

hour measurements, a less accurate method of measurement. Several factors might 

explain why associations with différent cancers and electric field exposufes as measured 

by persona1 monitoring recently reported in occupational studies were not observed here. 



Electric field exposwes in the occupational environment are orcias of mgnitude higher 

and show fm greater variation than thox obsmred in midentid settings or setthgs 

typically. inhabited by chîldren. If the nsk of adult ledcaemïa associated with eiectnc 

fields which was recently reported (Miller et al.. 19%) was relateci to the level of 

exposure and its duration, exposure levels equivalent to those in the occupational 

environment are not achievable through usual childhood adVities. Further, the 

occupational studies showed increased risk for acute n~~lyrnphocytic leukacmh, 

specifidy acute myelogenous leukaemia, whereas most of the chiIdtcn in this study had 

mute lymphoblastic ledcae~nl*a. 

There is also the question of how well electric fieldexposure was measured by the 

Posiimn monitor. Electric fields are easily pcraukd and tnmfore stable and reliable 

masures of personal exposures to electric fields are diBcult to obtain. The distortion of 

the electric fields by the human body is so pronouncd that measurements ofelectric 

fields by the PositronN are strongly influenced by the wearing position of the monitor on 

the body, the size of the chiid and also by the ambient field characteristics. Although 

wearing position is important for the accurate measurement of electric fields, to enhance 

cornpliance, children w m  not asked to Wear the monitor on a particular part of their 

body. Unfortunateiy, where the monitor was actuaîly wom on the body was not rewrded. 

As a result substantial variability could have bcen intrduced to the measurements of 

electric fields and it is therefore not possible to ruie out the possibility of a reletionship 

with electric fields. 

Nor was there evidence of an interaction between electric anci magnetic fields, but 

this might be related to the relatively low exposures for electric fields as the one study in 

which interaction was demonstrateci suggested that the effect of magnetic fields was 

accentuated in the presence of high electric fields (Mïler et al. 1996). 



Whilc personal monitoring is intended to provide a superior eshate  of the 

child's actual exposures because there is reason to believe that it more aceurateLy captures 

electric and magnetic field cxposures under conditions whae thge is considerable spatial 

and temporal variation, the ïnterpretation of a causal association with lcukaemia risk is 

dependent upon the representativeness of the child's activities to the etiologically relevant 

period during the two days that the monitor was wom. Activity panaas of a cMd change 

with his or her age and witb famiiy circumstances. Thae is no means by *ch to 

c o d ï m  whether the chiid's activities and associated exposurts M e  the monitor was 

wom are etiologidy relevant. if an association bad not ban observed in this study, one 

explanation might be that the measurement of exposure did not represent the etiologic 

period. However, an association was observed here and givcn that the currcnt residence 

represents a significant proportion of the total period of interest, there are few 

explanations for this association apart h m  a possible etiologic relationship and selection 

and memuernent bias- In this study, it would have been difncult for subjects wearing the 

monitor to artifïcially alter the recordai exposures as this would have required knowledge 

of the sources ofhigh fields within the home, at school and in othef locations. Even ifthe 

monitor was left near a source whete fields were high, the data quality checks which were 

d e d  out looked for these possibilities and the suspect time periods and maisunments 

were eliminated. Further, the techicai staffresponsible for carrying out consistency 

checks with the daily log sheets and personal monitors were bünd to the case/control 

statu of the subject. Thus, there seems to be little opportunity whereby the measured 

values could be differentialiy biased. 

Cases and controls differed signincantly with respect to residentiai mobility, a 

factor which is potentially related to a hoa of socioeconomic variables. There was an 

inverse relationship between number of residences and f h l y  income with lower income 

families moving more often. Children who moved more-fkquently had higher risks of 

leukaemia. Residential mobility was an infiuential variable in al1 the multivariate- models 

as well as being indirectly related to the allocation of subjects to the matchcd anaiysis. 
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Wire code wss intendeci to be the 'metrid of wmpcnison with previously 

published M e s -  Wire d e s ,  both Wertheimer and Leper and Kaune d e s ,  showed 

the expected changes in levels of m d  magnetic flux density, however, no 

relationship waq found with the risk of leukaemia- Previous m h  ushg wïre 

configuration has provided no precedent for 'integrating' information for several Win 

codes over different time paiods. Detailed analyses ofthe fidl data set and the other 

measures of EMF expasure has p d e d  Sn pardel to the analysis reportcd hem with 

respect to wire code for both previous and current residences within the catchment area 

taking into account duration lived in each residence, and thus fiu codïnn those observed 

for current residences, which is essentially no relationship with leukaexnia (&ta not 

presented). There is no readily apparent explanation why this finding is in wntrast to the 

studies in Denver (\Kertheimer and Leeper, 1979; Savitz et al., 1988) and Los Angeles 

(London et al., 1991). Although the Denver and Los Angeles studies were consistent & 
their hdings of a signincant excess risk associateci with VHCC, it is still not known 

what it is about wiring configuration that could have contributcd to the excess. Wire code 

bas not previously been apped to the Cansdia. situation. The electricity distribution 

system in Toronto is extrcmely complex, more so than in Denver mune 1992). 

Although wire codes showed the predicted relationship with m d  magnetic field 

expomres as did eariier studies, whatever the underlying association was in Denver and 

Los Angeles that was relateci to the elevated risks o fch i ldhd  cancer, does not seem to 

be present in Toronto. Electrical code stanctards vary baween localities. There may be 

widely varying t~~uirements of gromding prdces,  building codes, network 

arrangements, types of plumbing, ail ofwhich can potentially influence magnetic fields 

within a home. However, the findings of this study are consistent in direction and 

magnitude with the most recently published study ofacute lymphoblastic Ieukaemia in 

children and exposures to magnetic fields (Liiet et al., 1997). 

Sources of Bias 

A potential weahiess of the case control study design is its susceptibility to 

several different kinds of bias. Specifically applicable to case control studies are 



selection bis, information bias and confoundlng bias. The prcsence of any ofthese 

biases may compromise the validify ofthe d t s .  Consideraîion has been given to 

possible sources of bias which might inauence the hdings reported here. 

Selection bias may be present in a case contral study if participation in the study 

is related to the combination ofdisease or exposure status. Ifexposcd cases are more 

likely than exposed controls to be included, the result is an ovCreStim8te ofthe odds ratio 

of the disease among exposed penons. ifthe refusel rates are high in the cases ancilor the 

controis, non-response b i s  is a concem, The Ilmiteci information which was avaiIable to 

compare respondents with non-respondents, both cases and controls, to check for 

evidence of differcntiai non-participation, suggested that there w a t  no ciifferences with 

respect to wire code. However, paxticipants and non-participants did m e r  with respect 

to the type of cumnt residence with signüïcantiy more non-participants Living in an 

apartment which was also associated with higher residentiai mobility and lower family 

income. Univariate and muitivariate analyses of the magnetic field sumxnary indices 

excluding those subjects whose cumnt residence was an apartment did not Importantly 

change the risk estimates for leukaexnia and therefore it is uniikely that this aspect of 

differentid participation has introduced a bias. To M e r  evaluate the possibiiity of 

selection bias, it would be informative to have EMF measurements denvcd h m  personal 

monitoring of those residences belonging to the non-respoadents, but this does not appear 

to be a feasible task, 

The retrospective nature of a case control study makes it particularly VUlLlerable to 

information bias. Random (non-differcntial) misclassification of either the exposure or 

the dis- is claimeci to be a bias and ifprcsent will drive the estimate of risk toward one 

or the nul1 hypothesis of no association (Rothman, 1986). The absence of a trend of 

increasing risk with increasing exposure suggests the possibility of some 

misclassification of EMF exposure. This possibility is reidiorced by the change in odds 

ratios afkr adjutment for power usage within the home: However, it is dike ly  that the 



applied correction was entirdy adetputte and therefore some residuai misclassification 

probably remains. 

R e d 1  bias refers to the systematic misclassification of exposure information 

because cases' recall is infiuenced by their disease status. Both the quality and amount of 

information gathered may be affécted. A parent of a leukaemic child, in an effort to 

"explain" the outcorne, might be more iikely to recaii certain events than a patent who 

does not have an anefted child. In this study the length ofinterview was significantly 

longer for cases than for controIs, This could be due to the fact that the cases had other 

medical probiems and hence more details were tequired, but it is also likely that parents 

of a child with leukaemia made more of an effort to recall past events which they felt 

might be important to the study. It is also possible that recall bias might operate such that 

the &en& with a healthy child may be less likely to recd a tme exposure. The e k t  of 

recall bias is to exaggerate the magnitude of the dinmace between cases and controls 

with respect to exposute and hence to increase the odds ratio. Although approvals to 

contact 0 t h  sources for verifIcation of interviewdenved information were sought and 

obtained for most subjects, limiteci murces precluded this verification process. 

Many of the sesreporteci exposures to certain substances and ch-ces 

which showed signifiant differences between cases and controls and hence were 

included in the multivariate mode1 estimating leukaemia nslc, were those observed in 

previous investigations. Examples w m  the reporteci exposures to insecticides and other 

pesticides for both the child (OR= 2.22,95% 1.44-4.08) and mother (OR=1.53,95% 

1.08-2.1 8). Whiie the increaseâ lehemia nsks associateci with these exposures might 

be due to differential recall of cases and controls, they are also consistent with previously 

reported research (Leiss et al. 1995; Buckley et al., 1989). 

It is unlikely that there has b e n  any bias introduced to the measwement of the 

exposures of interest for reasons previously mentioned and this constitutes a major 



strength of this study. PositronTY-derïved measurrments were chcated for consistencies 

and suspicious values and the associated time intemals and rneasures removeci before the 

calculation of the t h e  wcighted average. Point-idme mcamements and the 

assignment of w k  code werr d e d  out by technicians bliad to the case control status of 

the child and hidher home, 

Age is one of the most imponant predictors ofchildhood ledcaemîa and this was 

taken into account in the study design- Close matching by age in the selection of controls 

ensured that any observeci differences were not due to this factor. 

To control for potentiai bias due to other confomding, multivariate modelling of 

the nsk of ieukaem~*a including variables identifkd through stepwise regression was 

carrieci out The fïnâings related to magnetic field exposure h m  the univariate analyses 

for the total duration of monitoring (home, schwl and other locations) and in the child's 

residence, with and without corrections for power consumption, al1 persisteci after 

adjustment for a wide range of potential confounders and showed some statistical 

significance. 

Future Work 

Further analyses are in progress which will examine the EMF exposures in 

previous residences, in schools and in daycares with the objective of developing a 

comprehensive integrated estimate of exposiae over the total etioIogic period for each 

chiId. The pemnai monitoring data presented here will be considemci as a 'gold 

standard' and inside point-in-tirne measurements and outside measurements of homes and 

schools will be evaluated with respect to theù predictive value of the PositronTY measure 

in the home. Appmpnate refinements will k applied to point-in-bime measurements to 

achieve a more accurate estimate of exposure. 
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Electnc and magnetic fields an in a constant state of flux and this &es their 

measurement exceedingiy cornplex Furthenaore, there are several aspects of the fields 

which may be measiirrd and it is not clear which charactairation should be investigated 

in terms of carcinogenic potentïal. This study has examincd weighted arithmetic 

averages of exposure but wil1 be extended to incfude weighted geometric meam, 

cumulative exposurcs and the presence of grounding cumats (Wertheimer and Savitz, 

1995). However, in inght ofthe cumnt findings f i d e r  work is justifid in 8ssessing 

other metrîcs of exposure such as thresholds and peak exposutts- The EISSeSSLllent of 

exposure is critical to the tesolution of  the question whether EMF exposure causes cancer 

in children and the complexities of exposure assessrnent m o t  k underestimated. There 

is st i l l  much to be learncd by refining approaches to the measmement of electric and 

magnetic fields as evidenced by this study and that by Feychting and Ahlbom (1993). 

The risk estimates using magnetic field exposurr CO- for power 

consumption suggest that M e r  work aimed at refining the correction factor would be 

justified. It is possible this would M e r  reduce the misclassification of exposure. The 

correction factor which was applied was a cnde adjusmient but the M u l t s  of its use 

showing a more monotonie relationship with exposure W e s t  that it did help to reduce 

misclassification that could bave misen because ofdifférent power loadhgs at the tirne 

cases and controts were interviewed, The correction used here applied information h m  

provincial power consumption but it is unknown how this represents the actual residences 

of the cases and controls. It is possible that ushg power consumption at the 

neighbowhood level, specific to the residences, wouid fiirther improve the correction. It 

is therefore recommended that M e r  work be devoted to refining the correction factor 

and applying it to the point-in-tirne measurrments. 

Conclusion 

This represents the fkst study to report electric and magnetic field exposures 

recorded by pemnai monitors actuaily wom by children during their daily activities and 

to apply wire codes to rcsidences served by a Canadian power distribution systern. By 
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using impmved methods to estunate elecaic and magnetiCc field exposures, it was hoped 

that the relationship with chïidhood leukaemia might be c l d e d ,  

The results of this study indicate that as exposiirr assesment is refined, the 

association ktween childhood leukaemia risk and magnetic fields bewmes more 

pronouncd This study diffeted h m  previous rcsearch in its iack of evidence 

supporthg a reletionship between increased ri& and wiring configuration. While the 

explanation for this is not clear, wire code is assumeci to be an infmor measurc of 

exposute, because it is indirect and what it actually meam in tams of exposiire is not 

well uuderstood. A weak but non-signifiant association betwcen leukaexnia and 

magnetic fields using stiil impmcise point-in-tirne measumnents in t h e  mm used by 

the child, was observeci end was consistent with rcsea& using s a a r  appmaches to 

measwement. The demonstration ofa relationship with magnetic fields measined by 

personal monitoring of the child's activities suggests that magnetic fields might ~~~e 
the risk of leukaemia in chiidren. The findiags relating to residentid exposures are 

particularly informative in that they represent a subsîantial fiaction of the pniod which 

might be etiologically relevant, paaicularly for children diagnosed at a young age and for 

those diagnosecl with acute lymphoblastic leukaemimia Although there is a need to 

interpret these results with those h m  the more comprehensive investigation, of which 

these are only part, the findings are suggestive of an etiologic relationship. 

Exposures to electric and magnetic fields are ubiquitous, and therefore a need 

remains to more M y  understand their potentiai health effécts. Further work directed at 

irnproved exposure assessrnent and the demonstration ofa biologic mechanism, is key to 

resolving the current hconsistencies. 
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Appendix A 

Criteria for Assignhg Wiriiig Confjgur8tions 

Wertheimer - Leeper W h  Code 

Kaune Wire Code ('92) 



Appendix A 

Class 1 
Thick 3-phase Prirnary 
Transmission Lines 
Multiple Primary Circuits 

Class 2 
I 

Thin 3-phase Primary 

Class 3 
First-span Secondary 

Class 4 - 
Second-span Secondary 

Class 5 
Shoic First-span Secondary 

Class 6: 
End Pole 

Class 7 
Underground 

Wertheimer-Leeper Wiring Code 
rr a Function of DYribution Class and Distance to Residence 

Distance (fcet) 

Ordinary 
Low Cumnt 
Configuration 
W ire Code (2) 

O 25 50 (64) 75 100 (130) 1 

Very Low 
Cuvent 

Very High 
Current 
Configuration 

Configuration 
W ire Code (1) 

Ordinary 
High Cumnt 
Con figurai ion W ire Code (3) 

W ire 
Code (4) 

1 

A 

. 





Detaüs Rehting to the Sdcetiom and Content of 
Multiwriate ModeIs for ScIected Indices of EMF Esposure 

B. 1 Magnetic Flux Density (PT) - Home 

(a) Cornparison ofunivariate and Multivariate Models for Selected Sumrnary 
Indices of EMF Exposure 

@) Assessment of the Contribution of Factors to the Fully Adj& Multivariate 
Model 

(c) Beta Coefficients, Odds Ratios and 95% Confidence latervals (CI) for 
Adjwtment Factors Included in the Fully Adjusted Muhivariate Mdels 
Assessing Childhood Leukaemia Risk - 

B.2 Magnetic Flw Density (FiT) Correcteci for Power Consumption - Home 

(a) Cornparison of Univariate and Mdtivariate Models for Selected S~mmary 
Indices of EMF Exposure 

(b) Assessment of the Contribution of Factors to the Fully Adjusted Mdtivariate 
Model 

(c) Beta Coefficients, Odds Ratios and 95% Confidence Intervals (CI) for 
Adjustment Factors Included in the Fuliy A d j d  Multivariate Models 
Assessing C h i l d h d  Leukaemia Risk 



Appendix B 

Appendix B.1 (a) 

Cornparison of Univariate and Multivariate Models for Seleeted Sunmary Indices of EMF Exposurcs 

Maguetie Flux Demsity (PT) - Home 

Variable Dcviiace' d f f Standard Error OR 
O 1 58.01 O - - 

Univariate Magnetic field exposure - home 1 53.46 3 
g0.04 O 1 .O0 
0.04 - 0.755 I 0.41 1 2.12 
0.08 - ' 0.414 0.401 1 .SI 
20, 1 8 0.732 2 0.416 2.08 

Multivariate Magnetic field exposure - home 1 06.49 13 

1 Deviance: -2(log likelihood) 
2 Fully adjusted modcl rcsulting fiom backward stepwist regression with the following : 

Family income Residential mobility 
History of common childhood diseases Child's exposurc to agricultural sprays 
Siblingship Child's exposure to insecticides 
Mothtr's use of hair colouring products during , 



Appendix B 

Appendix B.1 (b) 

Assemient of tbe Contribution of Factors to the Fully Adjusteà* Multivariatc Model 

Model 

Fuliy Adjusted Model - Main Effwts of Magnetic Flux Density 
(Home) Plus a11 Confouadefi 

Adjusted model with familv income removed 
Adjirsted mode1 with residential mobilitv removed 
Adjusted model wi th siblineshi~ removed 
Adjusted model with child's exposure to agicultural s ~ r a ~ s  removed 
Adjusted model with child's exposure to insecticides removed 
Adjusted model with histow of conunon childhood diseases removed 
Adjusted model with mother's use of hait colounn~ aroducts durine or 

just mior to Dreiznancv removed 

* Fully adjusted model with confoundets resulting fiom backward stepwise conditional logistic regrcssion ** Chi-square derived from likelihood ratio test (fully adiusted mode1 compared with mode1 w iih speciied tem removed) 
* P-value associated with the likelihood ratio test 



Appendix B 

Appendix B.1 (c) 

Beta Coeffkients, Odds Ratios and 95% Confidence Intewrls (CI) for Adjustment Factors 
Included in the lully Adjusted Multivariate Modela Assasing Childhood Leuhemh Risk 

Risk ~actordPotential Confounden 1 Beta Coeffîcient I OddS Ratio I 95% CI 

Average Mignetic Flux Density (PT) - Home 
Magnetic field exposun - home 

q0.04 
0*04 - 
0,08 - 
>O, 18 - 

Faniily income 
$50,000-59,000 
$30,000-49,000 
<$30,000 
Don' t knowlrefiised 

Rcsidential mobility 
2 4 moves 
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Appendix B.l(c) contiaued 

Beta Coeflicientg, Odds Ratios and 95% Confidence Intenals (CI) for Adjustment Factors 
Included in the Fully Adjurtcd Multivarhte Models Aiessing Cbildbood Leukaemia Iürk 

Risk Factora/Potential Confounders 

Child's exposure to agricultural sprays 

Child's exposun to insecticides 

Siblingship 

History of common childhood diseases 

Mother's exposure to hair colouring 
products during or just prior to pregnancy 

Beta Coefficient Odds Ratio 



Appendix B 

Appendix B.2 (a) 

Cornparison of Univariate and Multivariate Models for Selected Summa y Indices of EMF Exposum 

Magnetic Flux Density (PT) Comcttd for Power Conrumption Home 

Beta Coefficient 
Modcl Variable Deviance' df * Standard Error OR 

NuIl O 1 58,OI O - r 

Univariate Magnetic field exposure - home 154.39 3 
<0.04 O 1.00 
0.04 - 0.414 + 0.413 1,51 
0.08 - 0.5 17 0.395 1.68 
>O, 17 - 0,729 0.403 2,07 

Mu1 tivariate Magnetic field exposure - home 99.87 16 

I Deviance: -2(log li kc t ihood) 
2 Futly adjusted mode1 rcsulting tkom backward stepwisc regression wiîh the following: 

Family incomc Type of delivery Child's exposurc to household bleach 
Mothet's cducation Rcsidential mobility Matcmal smoking during ptcgnancy 
Siblingship Child's exposure to agricultural sprays Child's exposurc to insecticides 
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Appendix B.2 (b) 

Assessrnent of the Contribution of Cactom to the Fully Adjuatcd* Multivariite Model 

Model 

Fully Adjusted Model - Main Effects of Mapetic Flux D«i#ity 
Comcted for Power Consumption (Home) Plus al1 Confouiders 

Adjusted moâe 
Adjusted mode 
Adjusted mode 
Adjusted mode 
Adjusted mode 
Adjusted mode 
Adjusted mode 
Adjusted moâe 
Adjusted mode 

1 with family income removed 
I with residential mobilitv removed 
1 with siblinnshi~ removed 
1 with chiid's ex-pure to amicuiturai sDray mnoved 
l with child's exiw>sure to insecticides removed 
I with mother's education removed 
1 with matemal smoking durino Dregnancy removed 
, with tytx of delivew removed 
, with child's exposure to household bleach removed 

* Fully adjusted model with confounders resulting fiom bsckward stepwise conditional logistic regression ** Chi-squm derived honi likelihood ratio test (fully adjusted model compared with model with spccified terni nmoved) * P-value associated with, the likelihood ratio test 
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Appendix B.2 (c) 

Beta Coefficients, Odds Ratios and 95% Confidence Intervals (CI) for Adjustment Factors 
lncluded in the Fully Adjusted MuMivariate Modeb Assessing Childhood Leubernia Risk 

Average Magnetic Flux Density (PT) Correctcd for Power Consumption - Home 

Risk F'actors/Potential Confounders 

Magnetic field exposure - home 
q0.04 
0,04 - 
0.08 - 
>O. 17 - 

Farnily income 
$50,000-59,OOO 
$30,000-49,000 
~3090000 
Don' t know/refiised 

Beta Coefïicient 

Residential mobility 
> 4 moves - 

Odds Ratio 9570 CI 
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Appendix B.2 (c) continued 

Beta Coefficients, Odds Ratios aad 95% Confidence latervals (CI) for Adjustment Factors 
Included in the Fully Adjusted MuHivariate Modcls Assessing Childhood Leukaemia Risk 

Risk Factors/Potential Confoundem 

-- - - - - 

Child's exposure to agricultural sprays 

Child's exposure to insecticides 

Child's exposure to household bleach 

Mother's education 
Completed high school 
High school incomplete 

Type of delivery 
Caesafean 

Materna1 smoking dunng pregnancy 

Siblingship (none) 

Betr CoefXicient Odds Ratio 


