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Are Children Living Near High-Voltage Power Lines at Increased Risk of

Acute Lymphoblastic Leukemia?
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A case-control stedy of childhood acute lympho- MATERIALS AND METHODS
blastic leukemia and magnetic fields was recently con-
ducted by the National Cancer Instiuie- and the ~ Study subjects
Childm-n.’s Cancer Group (1). The study failed to find Subjects were a subser of cases and controls enrolled
2% assoctation between residential wire code feveland 5 arionwide study of childhood acute Iymphobias.
risk of this neoplasm, un]:ice previous US studies (2, tic leukemia conducted by the Children’s Cancer
3). It has been suggested that the Werthcimer-Leeper Group (9). Cases were children aged <15 years with
wire code scheme (4) was not valid for use in the acate lymphoblastic leukemia diagnosed between
study’s nine-state area (5) and that, regardiess of the 1989 and 1993 participating Children’s Cancer
published _ﬁnding‘s, leukemia risk might be increased Group hospitals, Controis were selected by random
among children living near high-voltage power lines digit dialing and were matched to cases on age (125
(6. '_The‘“’crt!zeimepLeep«?r wire code classification is percent), race, and geographic area. The Ch?idxen’s
3 umivanate summary of distance and wiring configu- Cancer Group had jdentified 942 cases and 1,292 con-
fatton {4, 7), and is intended to represent magnetic wols residing in nine midwestem and mid-Atlantic
ﬁel_d exposure from power lines. The strengths of mag- states, and 851 cases (90 percent) and 825 controis (64
netic fields dmas", with increasing distance from percent) were eligible for the Measuremnent study.
power lines (8). We investigated various COMPOnEnts  pacod on the residential history of 832 cases (98 per-
of wire code separately and together o see whpﬁfer we cent} end 801 controls (97 percent), 428 cases and 428
could :depufy & measure that was more predictive of controls who had been living in one home for at least !
risk of childhood acute lymphoblastic teukernia, 70 percent of the reference period (5 years precedin g
‘ diagnaosis) were eligible for wire coding. We excluded

Rmﬁ: for p?;’w February 2, 1939, and sccepted for pub-  Cight case-control pairs becansc‘ of Down’s syndrome
ilcation May 12, 1999,

AL lons: OHCC, ordinary high current configuration; OLCC, the home or accurately diagram the power lines, This
ordinary lmnwmcorﬁgwaﬁon;\lﬂcc, very high curent configu- Icft 408 pairs eﬁg’lblﬁ for anajysis (])‘

ory;, VLCC, very low current configurston,
! Division of Gancer Epidemioiogy and Genetics, Nationai Canger

irstiute, Rockville, MDD, :
:E‘hft Faclors, ?:tﬂ‘uand \ga. Wire code measurements
ision oi‘ tatric pidernlology and Clinicai Rasearch,
Unﬁvsrsaty o Minnescta, Minneapotis, #N. Two trained technicians, blinded as 10 case-control
Wastat, Inc., Rockvile, MD, status, recorded the distances between subjects® resi-

Baprint requests 1o !;iuth‘A. Kielnerman, Nationat Cance . e .
heliute, EPS 7044, 6120 Exscutive Boulsward, Bethesda, Mo dences and all overfiead transmission, three-phase pri-
20892, mary distribution (thick or thin), first span secondary
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distribution, and endpole lnes passing within 40 m
(130 feef) of the subject’s residence. Independent re.-
diagramming of 187 homes revealed a high level of
agreement between the (wo technicians (10), )

An algorithm assigned one of four wire codes to
each residence based on distance and wiring structure,
as defined by the Wertheimer-Leeper wire coding
classification (4): very high curmrent configuration
(VHCC), ordinary high current cenfiguration (OHCC),
ordinary low current configuration (OLCO), and very
fow current configuration (VLCC). If no overhead
power lines of any type were visible within 46 m (150
feet}, houses were ciassified as having only under-
ground power lines.

Distance

In two earlier US studies (2, 3}, increased risk of
childhood leukemia was reported for children living in
homes with the VHCC classification, and a home can
be classified as VHCC only through proximity to
transmission or three-phase primary distribution lines.
Consequently, we used distances to all transraission
and thick and thin three-phase primary distribution
lines passing within 40 m (130 feet) of a house., When
more than one line was present, we used the distance
from the subject’s residence to the closest power line,

Exposure index

An exposure index was created to take into account
distance and relative Joad for all transmission and
three-phase primary distribution lines that passed
within 40 m of a residence, First, an index, Ii, for each
power line was calculated using the formala

b =&/(xf + #),

where &, is a weighting factor for the ih power line
that accounts for differences between transmission and
primary distribution lines, X, is the horizontal distance
measured perpendicular from the kth power line td a
point located 1.8 m {6 feet) inside the nearest wal of
the home, and &, is the height of the kth power line.
The form of this index is dictated by physical theory
(11). Based on our experience and best judgment, the
weighting factors, &,, used in this formula were chosen

© to equal 10,000 for transmission lines, 5,000 thick

three-phase primary lines, and 3,500 for thin three-
phase primary lines. The ho;izontal distances, x,, were

R = 91 m (30 feet) as an estimate of the averapa
height of power lines located near residences. '
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Next, the indices for al power lines were combined

into an overall exposure index, /, using the formmla

I=\Vpaspgy + 1.

This formuta was developed on the basis of engineer-
ing considerations {12) and reflects the fact that the
directions and electrical phaszs of the magnetic fields
produced by multiple power Jines will not, in general,
equal each other

Statistical analysia

Matched-pairs analyses were used to evaluate child-

hood leukemia 1isk, and we used conditional logistic

tance as a categorical variable and the exposure index
as categorical and continuous variables {0 examine the
effect of power lines on risk. Categorical variables of
exposure were defined by the Quartile distribution
almong controls. We examined the mean 24-hour™
child’s bedroom magnetic field measurement for -
homes within each distance category,

RESULTS

a transimission or three-phase primary distribution line;

and 98 controls lived within 40 m of at least one three-
phase primary distribution line.

All 30 homes within 40 m of a transmission line

were coded either QHCC (n = 9) or VHCC {n=21)
(table 1). Residences with three-phase primary distri-
bution lines within 40 m were distributed across three
caiegories: OLCC (n = 29), OHCC (n = 124} and
VHCC (n = 50). Distances. from the closest transmis-

sion line to the subject’s residence ranged from 4.6 m
to 40 m, and from 1.8 m 10 40 m for the closest three-

The mean magnetic field level of homes within —

cach distance category increased with decreasing dis-
tance, ranging from 0.09 KT for residences greater
than 40 m from 2 power line t0 0.21 uT for residences
with the nearest lines at 0-14 m (table 2). However,
the risk of childhood acute lymphoblastic leukemia
decreased nonsignificently with decreasing distance
from either the clogast Power linz or the closest three-

phase

primary distribution line to the main residence
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TABLE 1. Distribution of wire code categorias by distance
" from the main residence to the nsarest ovarhead powar line
in a nine-state US study of childhood scute lymphioblestio
leukemnie, 19851903

Warhelrnar-Lsepsr wirs cods category
Distance
{m} to ”“":;, Ordicary  Ordnery  vary
neares: g‘&"m Tour High o
power current currant ourrent currert Tota
Ene con- om con- ooh-
. i tion  fguration  figuration Tiguralion
014 o 0 15 49 84
1523 [e] ] £4 1 71
24-403 14} 23 57 [¢) 80
>40 352 207 42 o] €01
Total 352 236 178 S0 &18

{table 2). The risks for living within 40 m of a trans.
tission line were all below ]

Using the exposure index that takes ail nearby
power lines into account, the risk of childhood
leukemia was not related to exposure leve! (table 3).
Mean residential magnetic field levels rose with
increasing exposure index level: 0.09 uT. 0.00 uT,
0.14 uT, and 0.21 KT, respectively.

The analysis treating distance as a continuous vari-
able showed no evidence of association with risk,

- DISCUSSION

and controls actyally lived this close.
Any wire-code System has limitations. It is difficul:
10 account for variations in wiring practices, so a code

study, 19335-1993
95%
Nn.ot No, ur. m conf
Distanca (m} to closast power line
>40 (0.0915¢ 297 300 1.008%
2445 {0.088} 43 37 1.23 875 2.03
1523 {0.152) 38 34 1.0t 0.60, 1.71
014 {0.207 29 34 0138 0.45, 1.34
Distancs Im) to closest trans-
mission line
=40 {0.103) k=23 385 1.00% .
34-40 {0.067; 3 8 0.52 0.12, 218
2435 {0.120; 3 7 0.33 0.08, 1.39 i
0-23 {0.275) 4 7 0.57 0.15,2.13 '
k
Distarce (m) 1o closagt distribution .
fina ]
»40 {0.692) 300 309 1.008 '
2440 {0.089) 42 &2 1.49 0.88, 2.50 t
523 (0.160) : 38 at 115 0.67, 1.58 i
014 (0.203) 25 33 0.75 0.43, 1.30

'mmmseswmmmmmmwmodm

12 years, some College, coflege preduate, or higher), and annual family income {<820,000, ,000,
$30,000-839,000, $48, 000, or 2350,000). ¥ !
. :thmmnm.maanmmucﬁmwamdhomasatmehﬁcatsdcﬁstammmapower I
e
§ Reforancs group
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* YABLE 3. Riskof childhood acute lymphobisstic leukernia

acconding 10 an index of sloctromagnetic fleld 8Xpogure in a
nine-state ys study, 13891993

%
Ockts confidance

indox+ + casest  comtolst ratic§ nterval
G [0.091)9 297 3¢0 1.00%
1 {0.092) 47 3 1.3¢c 0.80, 2.21
1{0.143) 26 36 Q.72 041,127
lii {0.213) 35 as .88 0.58, 1.62
Continucus variabie
(per 10 m 405 405 0.95 0.78, 1.4¢

* Exposurs index was based on the distdnce 1o an Fanstnission
&nd primary Hiree-phase distribution power lines near the chiid's
heuse, as described in the taxt.

T Lovel f: >0 ang <0.66 uT; leval Ki: 2066 40d <1.30 uT: tovel Aif:

2130 uT

¥ Three case.contrar Pairs were exciudad because of missing
irformation on family income.

§ Odds ratios were adjusted by conditional logist
for garder, mother's aducationai lovel {<1§ yoarg, imrs, Scme
college, cofiego graduate, or higher), and annuaj ty income
(<$20,000, $20,000—~$29.DOO, $30.000-$39.000, 340.000%49.000,
or 2850,000). .

ﬁﬁmbefsmparenﬂmses.mean magneﬁcﬁeidlevelmnof
homes at the indicated index ievel.

# Raference group, :

designed for one region may be inapplicable in
another (N, Wertheimer, Boulder, Colorado, personal
communication, 1991), This highlights the neeg for

stody (10) and in our present analysis, we foungd that
time-weighted average magnetic field levels increased
with Increasing wire code classification and decreas-
ing distance,

Some studies TEPOIt 2 risk of childhood cancer or
leukemia associated with distance from high-voitage
installations and substations (14, 15), whereas others
do not (186, 17, 18). 3

the components of the Wertheimer-
Leeper wire code classification so that we would be

J Epidemiol Vol 151, No. 5, 2000

power lines are at increased risk of acute lymphob]as.-
tic leukemia.
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