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Brain Cancer Risk and Electromagnetic Fields (EMFs):

Assessing the Geomagnetic Component

TIM E. ALDRICH*

KURTIS W. ANDREWS
Merck Medco Managed Care
Franklin, New Jersey
ABRAHAM R. LIBOFF
Physics Department
Oakland University
Rochester, Minnesota

ABSTRACT. Cancer cluster studies in North Carolina identified several communities in
which there existed an elevated risk of brain cancer. These findings prompted a series of
case-control studies. The current article, which originated from the results of the 3rd of such
studies, is focused on inclusion of the earth’s own geomagnetic fields that interact with elec-
tromagnetic fields generated from distribution power lines. This article also contains an as-
sessment of the contribution of confounding by residential (e.g., urban, rural) and case char-
acteristics (e.g., age, race, gender). Newly diagnosed brain cancer cases were identified for
a 4-county region of central North Carolina, which the authors chose on the basis of the
results of earlier observations. A 3:1 matched series of cancer cases from the same hospitals
in which the cases were diagnosed served as the comparison group. Extensive geographic
information was collected and was based on an exact place of residence at the time of can-
cer diagnosis, thus providing several strategic geophysical elements for assessment. The
model for this assessment was based on the effects of these two sources of electromagnetic
fields for an ion cyclotron resonance mechanism of disease risk. The authors used logistic
regression models that contained the predicted value for the parallel component of the
earth’s magnetic field; these models were somewhat erratic, and the elements were not
merged productively into a single statistical model. Interpretation of these values was diffi-
cult; therefore, the modeled values for the model elements, at progressive distances from the
nearest power-line segments, are provided. The results of this study demonstrate the merits
of using large, population-based databases, as well as using rigorous Geographic Informa-
tion System techniques, for the assessment of ecologic environmental risks. The results also
suggest promise for exposure classification that is compatible with the theoretical biological
mechanisms posited for electromagnetic fields.

<Key words: brain cancer, cancer registries, electromagnetic fields, EMFs, Geographic Infor-
mation Systems>

RISK FACTORS for brain cancer are poorly under-
stood, and few strong associations exist. Although brain
cancer demonstrates the log-linear relationship with age
that is typical for other cancers, gender, smoking, and/or
alcohol do not appear to be associated with brain can-
cer. Caucasians are about twice as likely to develop
brain cancer as are African Americans. The racial differ-
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ences may result from a diagnostic selection bias, from
differing access to health care, or from genetic traits.'
The rising incidence of brain cancer during the past 2

“Dr. Aldrich is currently affiliated with the Department of Epidemi-
ology and Biostatistics, University of South Carolina, School of Public
Health, Columbia, South Carolina.
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decades has led to increased concern about environ-
mental and occupational exposures.* The rarity and
rapid life-threatening course of brain cancer make per-
formance of research studies difficult. Employment in
chemical,**> nuclear,® utility,”® and petroleum indus-
tries,”19 as well as in poultry and farm processing,'1?
are associated with higher risks of brain cancer. Electri-
cal occupations have been implicated specifically for
brain cancer risk, including specific cellular types of the
disease.’"'> Both residential and paternal occupational
exposure to electromagnetic fields (EMFs) are potential
causal exposures for childhood brain cancer.’®'”

In North Carolina, reports of cancer clusters called
attention to 5 distinct communities that experienced
higher rates of brain cancer than expected. The initial
investigation of 1 of these reported brain cancer clus-
ters did not reveal any consistent association with a
specific risk factor.'”® Nonetheless, subsequent reports
and suggestive findings prompted the first case-control
study of this series.' Given the burgeoning capabili-
ties for Geographic Information System (GIS) studies
and the use of rapid case finding within the large pop-
ulation-based cancer registry,2%2! we undertook a sec-
ond case-control study and conducted rapid case
ascertainment for a 1-yr period (i.e., 1994) with a very
frugal budget.?? That evaluation was disheartening,
although the GIS component was most impressive; in
fact, the evaluation of the GIS value for this sort of
exploratory, environmental work became our princi-
pal product.

We decided to conduct a 3rd case-control study of
brain cancer in 4 of the counties. In this study, we
expanded the data for incidence over a 5-yr interval
(i.e., to improve sample size consideration) and used
3:1 matched cancer patients for comparison. We sought
to control for confounding factors that may have been
possibly related to brain cancer risk (e.g., age, race,
gender).?® For the residential exposure metric, we used
a formula proposed for ion cyclotron resonance (ICR)
that incorporated the orientations of power lines rela-
tive to geomagnetic North, as well as several other
aspects of this source.?* In several studies, researchers
have reported the theory of a direct current (DC) mag-
netic field interacting with an alternating current (AC);
effects ranged from calcium efflux in chicken brain tis-
sue? to implications of human hematopoietic ef-
fects.?>2¢ GIS methods would greatly facilitate this sort
of complex exposure assessment in which a variety of
databases available from federal, state, and private
sources are used.

Method

We designed the study to test the null hypothesis of
no difference between brain cancer cases and matched
control subjects with respect to residential environ-
mental exposure to extremely low-frequency (i.e., 60
Hz) magnetic fields from high-voltage electrical-distri-
bution power lines (i.e., 44 kV or greater). The newly
diagnosed cases included 251 adults who were diag-
nosed with malignant brain cancer between January T,
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1990, and December 31, 1994, and who lived in a 4-
county area of central North Carolina. The study coun-
ties maximized the effect of referral patterns into the
state’s large medical centers. We selected the 753 com-
parison subjects randomly from cancer cases diag-
nosed at the same institution (Table 1); their cancers
were likely not related to the same environmental
exposures as was brain cancer (leukemia, lymphoma,
and breast cancer cases were excluded). Matching cri-
teria for the 3:1 selection of comparison subjects were
county of residence, institution at which diagnosis was
made, and age (+ 5 yr). The comparability of the 2
groups was quite good with respect to general descrip-
tive attributes (Table 1).

Power line information was provided from power
companies that served the 4 counties. Information
extended to the 44-kV level; there was a total of 1,763
km (1,095 statute mi) of electrical power lines within
these counties, present in 2,169 linear segments. The
largest constituents were 100-kV lines (1,180 segments,
832 km [517 mi]) and 230-kV lines (493 segments, 509
km [316 mil); 49 segments were 500-kV lines that
extended for 93 km (58 mi). Given the simple density,
we did not make assessments under 44 kV.

Address matching was very good with the GIS capa-
bilities. Urban and suburban addresses matched (i.e.,
in excess of 90%). Rural addresses were the most poor-
ly matched; the matching rate for rural counties varied
from 74% to 88%. For the unmatched subjects, we
used topographic maps and zip codes, plus 4 postal
addresses, to locate the address and to assign an
approximate residence location. This was a technique
used rigorously with earlier brain-cancer studies for 2
of the 4 counties.'®2” With this procedure, the mail car-
rier's route to the residence is “followed” on detailed
topographic maps (124,000), with the residence loca-
tion assigned by simple linear interpolation between
specified box locations, whenever the specific box
location is not found explicitly on the topographic
map. Given our prior experience, we undertook field
work with only a sample of the addresses (i.e., 10 cases
and 20 controls) to facilitate analysis of proximity to
power lines. This zip-code-assisted mapping procedure
proved very satisfactory for the scale of the spatial
analyses performed.

We digitized the residential data for each case/con-
trol for purposes of mapping. Address matching was
accomplished with Arc/Info GIS software?® and with the
street-network databases of the Transportation Informa-
tion Management System.?? We obtained successful
address matches for 216 cases (86.1%) and 639
(84.9%) of the comparison subjects. We also made field
visits to verify a sample of the addresses and to seek
cases that did not match (field workers were blinded to
case-control status; they searched 38 total addresses, of
which half were cases). The unmatched addresses were
mainly post office boxes and rural addresses. The
Arc/Info addressing procedure assigns a geographic
coordinate to each matched address and creates a point
feature in a map database—each point representing a
residential location along a street network. Once the
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Table 1.—Descriptive Characteristics of Cases and Controls in a 4-County Study Area of Central North
Carolina, 1990-1994
Crude Adjusted*  Adjusted*
Characteristic Cases Controls OR OR OR
Number of subjects 251 753
Mean age (yr) 60.4 65.2 0.80 0.79
Gender 0.87 0.88
Male (%) 51 55
Female (%) 49 45
Race 1.77 2.01
Black (%) 11 18
White (%) 89 82
Location
Urban (%) 70 71 1.01 0.94
Suburban (%) 9 7 1.00 0.89
Rural (%) 21 22
Address matched 216 (86.1%) 639 (84.9%)
Linear distance (m) to nearest power lines
Mean 1,394.6 1,246.0
Median 1,042.7 897.7
Specific distance(s) (m)t to power line(s)
<61 (n) 7 (3.24%) 24 (3.76%) 0.84 29.5 14.43
> 61-152 (n) 12 (5.56%) 34 (5.32%) 1.02 22.4 56.12
>152-305 (n) 3 (10.65%) 64 (10.02%) 1.04 oo oo
>305-610 (n) 3 (15.28%) 110 (17.21%) 0.86 1.85 1.35
> 610 (n) 141 (65.28%) 407 (63.69%) 1.00 1.00 1.00
Mean magnetic intensity (uT) 532.1 532.0
Orientation (degrees) to north of nearest
power-line segment 8.55 5.47
Notes: OR = odds ratio, and pT = microTesla. The editors changed specific distances to power lines, originally
expressed in feet, to meters.
*Adjustment varied for the ORs shown. For the demographic ORs, we adjusted for the other demographic variables
(e.g., age-adjusted for race and gender). For the distance ORs, the first adjustment shown is for geomagnetic inten-
sity (MG_Intent) and dip angle (DIP); for the second, the adjustment is for declination of magnetic North (DECL).
None of the ORs was statistically significant at the p < .05 level.
tDistance = perpendicular distance from residence to power line.

point database of cases and controls was created, we
calculated distances to power-line segments, with
adjustments for the geomagnetic contribution to the
total electromagnetic field at each location.

Liboff et al.* proposed that the parallel geomagnetic
component of the total geomagnetic field intensity is a
function of the uniform geomagnetic field with dip
angle (o), the angle of elevation (B) between the resi-
dence and the nearest power line, the angle (6) between
the power-line axis and magnetic North, and B, the total
ambient geomagnetic field intensity:

B = B; sin o. cos  + B, cos o, sin B sin ©.

Both the dip angle a and the total field intensity B
can be determined with federal GIS databases.’® We
estimated the values for the angles 6 (magnetic North)
and B (elevation) with GIS functions compiled from the
U.S. Geological Survey topographical maps.*'

The study was based on a sample size of 251 newly
diagnosed malignant brain-cancer cases identified from
the study area. This sample size permitted detection of
a 2-fold risk difference between the study groups for
factors with a 10% frequency in the comparison group
(o0 =0.05 and B = 0.10). We included conventional risk
analysis (e.g., multivariate logistic regression) in our

316

analysis testing, and odds ratios (ORs) expressed the risk
associated with electromagnetic fields.

Results

The majority of cases and controls were address-
matched (86.1% and 84.9%, respectively). The urban
and suburban address matching approached 100%. For
rural subjects, the GIS (automated) matching was suc-
cessful for 68% and 78%, respectively, of cases and con-
trols. The mapping assignments and field work verifica-
tion described earlier were performed for 10 of 17 rural
cases that did not address-match initially with 20 of the
36 unmatched controls. Only these field-verified resi-
dence locations were included with the data analysis
inasmuch as inclusion of the remainder (map assigned
only) had no effect on the study results whatsoever.

Logistic regression for risk of brain cancer, posed as a
function of the geomagnetic field intensity, was modeled
with the single effects for the following variables: dis-
tance (perpendicular distance from the residence to the
nearest power line); Orient_Decl (orientation declina-
tion [6]); DIP (dip angle for the residence approximated
from the World Magnetic Model?® [WMM] [al); DECL
(declination of magnetic North [again, approximated

Archives of Environmental Health



Table 2.—Formula Elements (24) Projected from Geographic Information Systems Model
Distance (m) to power lines*

Formula elements <30 30-61 > 61-152 >152-305 > 305-610 > 610
Magnetic intensity (uT)

n 5 3 13 24 36 155

X 532.03 531.28 532.32 532.29 531.91 532.10

SD 0.445 1.146 0.4785 0.672 0.958 0.821
Dip angle (%

n 5 3 13 24 36 155

X 66.35 65.19 66.07 66.06 66.02 66.050

SD 0.057 0.171 0.060 0.097 0.128 0.113
Orientation (°)t

n 5 3 13 24 36 155

X 12.19 45.52 11.92 2.14 —-7.06 14.47

SD 70.560 31.546 36.814 54.153 56.398 51.310
Distance (m)

n 5 3 13 24 36 155

X 17.32 53.09 103.39 232.34 458.21 2,017.45

SD 8.677 4.490 24.747 46.514 81.790 1,240.867
Declination (°)

n 5 3 13 24 36 155

X -6.57 -6 .44 -6.50 —6.49 -6.57 —6.62

SD 0.0836 0.0390 0.0854 0.0927 0.166 0.185
RELANngle (°)f

n 4 2 12 22 29 139

X 3.72 0.76 0.78 0.77 0.78 0.78

SD 5.745 0.050 0.018 0.017 0.010 0.004
Notes: Cells include sample size for attribute and distance, the mean value, and the standard deviation. SD = stan-
dard deviation, X = mean, pT = microTesla, and n = number of cases.
*Distance = perpendicular distance from residence to power line.
tOrientation = degree to north of nearest power-line segment.
$RELANgle = elevation of residence from a straight line immediately under power lines.

from EPOCH WMM]); MG_Intent (total magnetic inten-
sity, based upon EPOCH WMM [B]); and RELANngle (rel-
ative angle between the residences, determined with
digital elevation models®! [B]). Single-effects models in-
dicated statistically significant ORs for both MG_Intent
of 1.25 (i.e., 1.02, 1.52 [upper and lower confidence
limits, respectively]) and DIP of 4.86 (i.e., 1.13, 20.96
[upper and lower confidence limits, respectively]). None
of the other variables provided a statistically significant
elevated OR, and only 1 of the other simple-effects ORs
exceeded 1.10 (DECL [1.50 {odds ratio}]). A simple step-
wise selection led us to suspect an interaction for DIP
and DECL, given their effect on MG_Intent when both
variables remained in the statistical model. A saturated
logistic model, which contained all of the single-effects
terms and an interaction term for DIP and DECL
(DIP*DECL), did not reveal an optimally parsimonious
model; collinearity effects disrupted most model config-
urations. Furthermore, truncations of distances revealed
erratic effects on these variables.

We tested a series of model configurations with com-
binations of distances (Table 1) and used principal-com-
ponents analysis to select best representatives for analy-
sis. We evaluated models with MG_Intent and DIP
angle present over graduated distances. Odds ratios
from simple linear progressions are shown in Table 1, as
are sample sizes. Likewise, a single-effects model with
DECL was tested. Given the unproductive regression
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analyses, we decided that simply describing the ICR
variables as a function of distance would be informa-
tive. We have provided a pair of simple descriptive
tables (Tables 2 and 3) that contain values for the ICR
formula to describe the distance patterns with the vari-
ables for cases and comparison subjects.

Discussion

The results of the current analysis were difficult for us
to interpret; nonetheless, they suggest that a substantial
improvement in ecologic exposure classification may
be discerned for a function of the earth’s magnetic
field—interacting with that formed by an electrical dis-
tribution power line. The fact that this effect may be
delimited spatially suggests the presence of spatial
“window” effects. The data suggest that the simple dis-
tance measures (which have been used in the past for
epidemiologic evaluations of the role of electromagnet-
ic fields) were included without an adjustment for the
geomagnetic component. This adjustment may demon-
strate a role for EMFs in the carcinogenesis of brain
tumors via an ICR mechanism.*

It is important that one recognize that this work
began as a follow-up on reports of cancer clusters—a
good public-health practice.>?> One of the initial bases
of study was the provision of a prototype for the sort of
expedited research that is possible within the frame-
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Table 3.—Formula Elements (24) Projected from Geographic Information Systems Model—Comparison Subjects
Distance (m) to power lines*
Formula elements <30 > 30-61 > 61-152 >152-305 > 305-610 > 610
Magnetic intensity (uT)
n 15 12 36 67 116 418
X 531.79 531.93 531.95 531.94 531.96 531.97
SD 0.761 0.533 0.7760 0.816 0.878 0.835
Dip angle (°)
n 15 12 36 67 116 418
X 65.99 66.03 66.02 66.02 66.02 66.03
SD 0.111 0.073 0.106 0.109 0.122 0.116
Orientation (°)t
n 15 12 36 67 116 418
X -13.921 20.71 1.42 -5.83 3.45 7.76
SD 64.754 56.59 51.983 52.878 52.639 53.094
Distance (m)
n 15 12 36 67 116 418
X 15.01 41.31 112.14 227.10 457.32 1,797 .46
SD 10.535 6.929 21.634 45.004 92.331 1,214.730
Declination (°)
n 15 12 36 67 116 418
X —6.55 —6.62 —6.560 6.59 -6.57 —6.61
SD 0.149 0.134 0.130 0.153 0.149 0.185
RELANngle (°)F
n 15 10 30 61 105 376
X 1.53 0.81 0.79 0.78 0.78 0.78
SD 0.463 0.107 0.037 0.018 0.009 0.004
Notes: Cells include sample size for attribute and distance, the mean value, and the standard deviation. SD = stan-
dard deviation, X = mean, pT = microTesla, and n = number of cases.
*Distance = perpendicular distance from residence to power line.
tOrientation = degrees to north of nearest power-line segment.
$RELANgle = elevation of residence from a straight line immediately under power lines.

work of a population-based cancer-registry system. The
method of rapid reporting is an innovation pioneered
for environmental and clinical studies in North Caroli-
na.?232 Our choice to apply this approach to brain can-
cer also illustrated the extraordinary value of GIS meth-
ods for the assessment of environmental exposures.33:34
The results from this analysis offer evidence that a met-
ric of EMFs, incorporating a geomagnetic component,
may finally provide some clarification on the protracted
quandary about EMFs and cancer risk.

* ok ok ok ok ok X X X% Xk
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