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Recent research has suggested that nonionizing radiation in the form of power-
frequency magnetic fisids may piay some role in carcinogenesis in general and
in acute nonlymphocytic leukemia in particular. Much of the epidemiologic evi-
dence is preliminary in nature-and the methods of previous studies have been
criticized. in order to further evaluate this hypothesis, 2 population-based case-
control study of aduit acute nonlymphocytic leukemia and residential exposure
to power-frequency magnetic fields was carried out in westermn Washington siate.
Analyses were based on 114 cases who were newly diagnosed from 1981 to
1984 and identified from a population-based cancer registry, and 133 controls
who were chosen from the study area by random digit dialing. Magnetic field
exposura was estimated from external slectrical wiring configurations within 140
ft (42.7 m) of each subject’'s residence. In addition, magnetic flields were mea-
sured inside the subject’'s residence at the time of interview. Neither the directly
measured magnetic fields nor the surrogste values based on the wiring config-

urations were associated with acute nonlymphocytic lsukemis.

electromagnetic fields; leukemia

Although there has been much research
into the causes of acute nonlymphocytic
leukemia, the etiology of the majority of
cases remains unknown. While ionizing ra-
diation (1-5), benzene (6-10), and alkylat-
ing agents (11-15) may all bear a causal
_ relation to acute nonlymphocytic leukemia,
exposures to these three agents account for

only a2 small fraction of the cases. Although
the evidence is weak, preliminary research
has suggested that nonionizing radiation in
the form of power-frequency magnetic
fields may play a role in carcinogenesis.
Magnetic fields have been shown to af-
fect the behavior of animals (16, 17). In
addition, there is some evidence that ex-
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posure to magnetic fields may affect bio-
logic development. Research on experimen-
tal animals has shown that magnetic fields
may affect morphogenesis (18), growth rate
(19), response rate (20), tissue respiration
rate (21), and peripheral blood cells (22).
To our knowledge, there have been no stud-
ies to date which suggest that magnetic
fields affect carcinogenesis in laboratory
animals. Research on humans has shown
that magnetic fields aid in fracture heeling
(23).

The magnetic field frequencies examined
in experiments are varied and widely
spaced across the electromagnetic spec-
trum. On the other hand, epidemiologic
studies have focused on power-fréquency
(50-60 Hertz) magnetic fields. Since 1979,
when Wertheimer and Leeper (24) first re-
ported an association between residential
electrical wiring configurations and child-
hood cancer in Colorado, controversy has
surrounded the hypothesis that power-
frequency magnetic fields might play a role
in human carcinogenesis. In a second study
of adult cancers, Wertheimer and Leeper
(25) reported similar results and height-
ened the controversy. In both studies, an
increased risk was reported for all cancers
combined. An increased risk for all leuke-
mias combined was not found in the adult
study but was found in the childhood study.
Although it was not specifically stated,
most of these childhood leukemias are pre-
sumably of the acute lymphoeytic variety.
Although these studies have been criticized
(26, 27), their results have not been firmly
refuted by subsequent investigations.

Additional case-control studies have re-
ported increased risks of childhood cancer
(28), brain cancer (29), and acute myelo-
cytic leukemia (30, 31) associated with ex-
posure to power-freqguency magnetic fields.
Another case-control study reported no in-
creased risks for childhood leukemia (32).
Results from three cohort studies are in-
consistent—two such studies (33, 34) re-
ported no increased risk for all cancers
combined, and the other cohort study (35)
reported an overall increase in cancer risk.
Some evidence that suggests an association

between magnetic fields and leukemia has
been found in studies of occupational ex-
posures (36-42). Based on proportional
analyses, increased risks have hbeen re-
ported for acute myelocytic leukemia (36—
39) and all acute leukemias combined (40-
42).

When considered on an individual basis,
the above studies may not be convincing.
However, when viewed as a whole, enough
evidence exists to suggest that further in-
vestigation is warranted. This paper re-
ports the results of a population-based
case-control study of aduit acute nonlym-
phocytic leukemia and residential exposure
to power-frequency magnetic fields con-
ducted in western Washington state.
Largely because of the suggestion from the
occupational studies that magnetic field ex-
posure might result in increased risk of
acute myelocytic leukemia, acute nonlym-
phocytic leukemia, which includes acute
myelocytic leukemia, was selected for
study. In addition to attempting to replicate
Wertheimer and Leeper’s assessment of ex-
posure based on maps of external wiring
configurations, in-house magnetic field
measurements were made to evaluate pos-
sible relations between 60 Hz magnetic
fields and acute nonlymphocytic leukemia.

MATERIALS AND METHODS

Cases of acute nonlymphocytic leukemia
were identified through the Cancer Sur-
veillance System of the Fred Hutchinson
Cancer Research Center. The Cancer Sur-
veillance System is a population-based can-
cer registry funded by the National Cancer
Institute as part of the Surveillance, Epi-
demioclogy, and End Resuits (SEER) pro-
gram (43). The present study was restricted
to those cases of acute nonlymphocytic leu-
kemia that occurred in residents of King,
Pierce, or Snohomish Counties who were
aged 20-79 years at diagnosis and who were
newly diagnosed during the period January
1, 1981 to December 31, 1984. Both living
and deceased cases were inciuded. The
cases were further restricted to those with
one of the histologic types {44) shown in
table 1.
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TABLE 1

Number of cases of acute nonlymphocytic leukemia by
histologic classification, western Washington state,

1981-1984
Ii&?. Description N‘(xx:lr-

9840  Erythroleukemia 5
9841 Acute erythremia 1
9861  Acute myeloid leukemia 91
9862  Subacute myeloid leukemia 2
9866  Acute promyelocytic leukemia 5
9891 Acute monocytic leukemia 9
9910  Megakaryocytic leukemia 1

Total 114

* ICD-0, International Classification of Diseases for
Oncology (44).

The control group was selected from the
same three-county area as the cases by
using a random digit dialing scheme based
on the method described by Waksberg (45).
Controls were frequency matched to the
cases by sex and age (five-year groups: 20-
24, 25-29, .. .,75-79 years). Approximately
one living control per case was chosen.

All study subjects or their next-of-kin
were interviewed in person at a time and
location of their choice by one of two inter-
viewers specifically trained to administer
the questionnaire. Topics covered included
a complete residence history, electric appli-
ance usage, occupational history, ionizing
radiation exposures, medical history, med-
ications and drugs consumed, smoking and
alcohol history, pet ownership, and demo-
graphics. In order to make the period of
recall as similar as possible between cases
and controls, an arbitrary reference date
was randomly assigned to each control, in
such a manner that the reference dates
were uniformly distributed over the period
of time during which the cases were diag-
nosed.

Three separate means of exposure as-
sessment were used in this study.

1) External electrical winhg configurations
within 140 ft (42.7 m) of each subject’s residence
were mapped. This was done to repeat and ex-
tend the methods of Wertheimer and Leeper
{25), classifying these wiring configurations ac-
cording to the subject’s potential exposure to

power-frequency magnetic fields.
2) One-time-only magnetic field measure-

ments were made in eligible residences by the
interviewers during the in-house interview.

3) Magnetic field measurements were re-
corded over a 24-hour period in a limited sample
of the residences in which the interviewers had
initially completed one-time-only measure-
‘ents.

Al addresses for single family residences,
mobile homes, duplexes, or triplexes that
were located in the study area and were
occupied by the subject within 15 years
prior to the reference date were identified
from the interviews. These residences were
assigned to a technician who drew a scale
map of all outdoor electrical power equip-
ment, including all transmiassion and dis-
tribution lines, transformers, service drops,
and any other electrical constructions that
were located within 140 ft (42.7 m) of the
residence. The technician was “blinded” as
to the case/control status of each assigned
address. Based on these maps, the associa-
tion between exposures based on Werthei-
mer and Leeper’s wiring classification
scheme (25) and the risk of acute nonlym-
phocytic leukemia was evaluated. This
scheme ranks residences on their potential
for 60 Hz magnetic field exposure based on
the geographic proximity and current car-
rying capacity of the electric power distri-
bution wires around the residences. The
four categories (in order of increasing po-
tential for exposure) are endpoles, ordinary
low current configurations, ordinary high
current configurations, and very high cur-
rent configurations.

In addition to the Wertheimer and Lee-
per exposure assessment scheme, Kaune et
al. (46) have developed another exposure
assessment scheme based on an analysis of
the relation between the 24-hour measure-
ments and the maps for the same resi-
dences. This scheme was derived from a
correlational analysis of various aspects of
the wiring configurations with the 24-hour
meter readings made in the sampled resi-
dences. Based on this scheme, a magnetic
field level inside each residence was esti-
mated from the wiring configuration map
of that residence. Briefly, the magnetic field
was found to be proportional to the number
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of electric service drops to other buildings
within 140 ft (42.7 m) of the residence, the
number of phases (wires) associated with
the primary power distribution system clos-
est to the residence, and the inverse dis-
tance from the residence to any high volt-
age power transmission lines within 140 ft
(42.7 m) of the residence.

If the in-person interview was completed
in the residence where the subject had lived
for one continuous year or longer immedi-
ately prior to the reference date, the inter-
viewer made one-time-only measurements
of the 60 Hz magnetic fields both inside
and outaide the residence. All readings were
made on a Power-Frequency Field Meter
Model 111 (Electric Field Measuréments,
Inc., West Stockbridge, MA). Each meter
was subject to the following checks: simple
daily performance checks by the interview-
ers, weekly calibrations at the Fred Hutch-
inson Cancer Research Center, and semi-
annual ahsolute calibrations at Battelle Pa-
cific Northwest Laboratories.

Measurements were made in the kitchen,
the subject’s bedroom, and the family gath-
ering room. Before the measurements were
taken, the interviewer and respondent went
through the residence and turned off all
apphiances that could conveniently be
switched off, including lights, kitchen ap-
pliances, washer, dryer, radio, stereo, tele-
vision, and furnace (if possible, by reducing
the thermostat setting). Several major ap-
pliances were not adjusted, including the
refrigerator, freezer, hot water heater, and
any other similar appliances which the in-
terviewer felt might be overly disruptive to
the household. After the appliances were
turned off, the residence was considered to
be in a “low power” configuration. At this
point, magnetic field measurements were
made in the three rooms indicated above.

After these low power measurements
were made, each of the three rooms was
measured in a “high power” configuration.
A high power configuration was defined as
a state where all the electrical appliances
such as lights, televisions, radios, and
sound systems were turned on in the bed-

room and family gathering room, and where
the appliances were turned on in the
kitchen so as to simulate a situation when
large amounts of cooking and baking were
being done (e.g., for a party or big family
celebration). “High power” measurements
were made in each room while only that
room was in a high power configuration,
i.e., the rest of the house was in a low power
configuration.

Since magnetic fields are vectors (having
both magnitude and direction), they were
calculated as the root mean square (rms} of
three field measurements made at right an-
gles by the interviewers. For example, let
X = the first horizontal component of the
rms magnetic field; Y = the second hori-
zontal component of the rms magnetic field
(perpendicular to X); and Z = the vertical
component of the rms magnetic field (per-
pendicular to both X end Y). Then

ms = [X? + Y2 + Z7*
Although the choice of units is arbitrary,
the magnetic field was expressed in milli-
gauss.

Two simple exposure quantities were cal-
culated for the low power magnetic field
measurements: 1) the mean of the three-
room measurements; and 2) the mean of
the three-room measurements weighted by
time spent by the subject in each room.
Similar calculations were made for the high
power magnetic field measurements.

The analysis included the calculation of
crude odds ratios from unatratified 2 X 2
tables. Acute nonlymphocytic leukemia
risks were also estimated by fitting a logis-
tic regression model (47), which allows for
the calculation of the risk associated with
each independent variable. A variable ex-
pressing exposure to residential 60 Hz mag-
netic fields (defined by surrogate measures
frem wiring configurations or by actual
measured values) was always included as a
predictor variable in the model.

RESULTS
Basic characteristics of cases and controls

Table 2 shows the number of eligible and
interviewed subjects. Failure to interview
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TABLE 2
Number of acute nonlymphocytic leukemia cases and
controls eligible for study, interviewed, and not
interviewed (by reason for nonparticipation), western
Washington state, 1981-1984

Cases Controls
Status
No. % No. %
Identified as eligible 164 1000 204 100.0
Not interviewed
Physician refusal 28 171 NA*
Subject refusal 8 4.9 55 270
Moved/unable to
locate 6 37 7 34
Too ill to complete
interview 0 0 8 39
Noncooperating
hospital 6 3.7 NA*
Other reasons for
incompletion 2 1.2 1 0.5
Total interviewed 114 695 133 65.2

* NA, not applicable.

cases was due primarily to physician refusal
(17.1 per cent). In 25 (89.3 per cent) of the
28 physician refusals, the subject was de-
ceased. Failure to interview controls was
due primarily to subject refusal (27.0 per
cent). The final roster for analysis included
114 cases and 133 controls. Of the 114
cases, nine were monocytic, six were eryth-
rocytic, one was megakaryoctic, and 98
were myelocytic. There were no significant
differences between the interviewed and
uninterviewed subjects by age or sex. We
completed a residential map on 36 (72.0 per
cent) of the uninterviewed cases and 43
(60.6 per cent) of the uninterviewed con-
trols. These subjects were included in some
of the simpler analyses described below.
Table 3 compares the cases and controls
by various demographic factors. The cases
tended to be of lower sociceconomic status
than the controls as measured by family
income ( p = 0.03) and education ( p = 0.16).
Also, more cases than controls were ciga-
rette smokers (p = 0.04), This difference
in cigarette smoking has potential eticlogic
significance {48) and is extensively evalu-
ated elsewhere (49). No other significant

TABLE 3
Number of acute nonlymphocytic leukemia cases and

controls, by selected demographic factors, western
Washington state, 19811984

Controis

No. % No. %

B Cases
Demographic factor

Age (years)
20-39 21 184 26 195
40-569 27 237 38 286
60-79 66 579 69 519
Sex
Male 69 605 69 519
Female 45 395 64 48.1
Marital status
Married or living as
married B0 70.2 88 662
Widowed 17 149 18 135
Divorced 11 96 15 113
Never married 6 53 12 90
Race
White 104 912 129 97.0
Nonwhite 10 88 4 30
Educational level (grade)
Less than high school
(0-11) 27 237 22 165
High school graduate
(12-15) 63 553 76 571
College graduate (16+) 20 175 35 263
Unknown 4 35 ¢ o
Combined family income
0-$15,000 47 412 39 293
$15,000-$30,000 41 360 46 346
$30,000-8$45,000 12 105 25 188
$45,000+ & 70 20 150
Refused or unknown 6 52 3 23
Cigarette smoking
Never 32 281 54 406
Present or past smoker 82 N9 79 594

differences between the cases and controls
were noted.

In some studies {50, 51), there has been
a suggestion that pet owners (especially
owners of sick pets) may be at increased
risk of leukemia, but other studies (52-55)
have failed to support this hypothesis. In
the present study, we found no significant
relation between acute nonlymphocytic
leukemia and prior ownership of a dog, cat,
or bird that had died of cancer or any blood
disease diagnosed by a veterinarian.

We also found no significantly increased
risk for people with exposure to ionizing
radiation. This included radiation from
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various medical procedures and from cc-
cupational exposures, as well as any other
radiation exposures that the subject had
encountered. '

Wiring configurations coded by
Wertheimer and Leeper’s scheme (25)

Table 4 shows the total number of years
of residence in dwellings for which wiring
configuration maps were made. The overall
distribution of the controls was very similar
to that of the cases. Because some subjects
had lived in apartments for all of the 15
years prior to the reference date, or had
moved into the study area immediately
prior to their reference date, no maps were
completed on 14.9 per cent of the inter-

TABLE 4
Number of acute nonlymphocytic leukemia cases and
controls for which residential wiring configuration
maps were made, by total number of years of residence
in mapped dwellings during the 15 years prior to the
reference date, western Washington state, 1981-1984

No. of Cases Controls
years Ne. % No. %

0 <17 14.9 17 128
1-4 11 9.6 7 5.3
59 11 98 19 143

10-15 24 211 35 26.3

16 51 44.7 55 414

Total 114 100.0 133 100.0

viewed cases and 12.8 per cent of the inter-
viewed controls.

We attempted to duplicate as closely as
possible the analysis done by Wertheimer
and Leeper (25). This analysis was based
on the mapped residence at which the sub-
ject had spent the longest period of time 3-
10 years prior to the reference date. The
upper part of table 5 shows the results of
fitting a logistic model to the data. There
is no evidence of an increased risk associ-
ated with higher current configurations as
assessed using this scheme. Relative risk
estimates based on a stratified analysis
were similar to those from the logistic
analysis. This analysis was repeated ex-
cluding those subjects with underground
wiring (coded as endpoles) and similar re-
sults were found.

If power-frequency magnetic fields do af-
fect carcinogenesis, they may play a role as
a promoter (56). Relative risk was therefore
assessed in relation to wiring configura-
tions of the residence closest to the refer-
ence date. The lower half of table 5§ shows
the results of this analysis. When the ex-
posures for the mapped residences of the
uninterviewed subjects were included in the
analysis, the risk estimates were similar
and, again, there was no evidence of an
increased risk associated with higher cur-
rent configurations.

TABLE 5

Risk estimates of acute nonlymphocytic leukemia in relation to exposure based on Wertheimer and Leeper’s
wiring clossification scheme (25) from fitted logistic regression models, western Washington state, 1981-1984

Electrical wiring configuration No. of cases  No. of controla Odds ratio® 95% CIt

Longest residence 3-10 years before reference date

Very low (end pole) 42 44 1.00

Ordinary low 21 37 0.60 0.29-1.22

Ordinary high 21 23 0.77 0.35-1.68

Very high 5 6 0.79 0.22-2.89
Residence closest to reference date

Very low (end pole) 42 52 1.00

Ordinary low 26 38 0.81 0.41-1.61

Ordinary high 24 19 1.36 0.62-2.96

Very high 5 7 0.84 0.24-2.93

* Controlling for age, sex, cigarette smoking, family income, and race.

t CI, confidence interval.
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Wiring configurations coded by Kaune et

al.’s scheme (46)

Table 6 shows the risk estimates for the
Kaune et al. exposure estimates categorized
into low exposure (0-0.50 milligauss), me-
dium exposure (0.51-1.99 milligauss), and
high exposure (2.00+ milligauss). The up-
per portion of the table presents the odds
ratios for the residences in which the sub-
jects had lived the longest 3-10 years prior
to the reference date, while the lower por-
tion of the table shows those for the resi-
dences closest to the reference dates. There
is no evidence that increased exposure is
associated with increased risk in either por-
tion of the table. These exposures were also
categorized into tertiles and all the risk
estimates (not shown) were not signifi-
cantly different from unity and no dose-
response was observed,

Since this exposure variable was mea-
sured on a continuous scale, a logistic mode!
was fitted to the data. A value of one for
the exposure variable (based on the longest
residence 3-10 years prior to the reference
date) was defined as a 0.1 milligauss ex-
pected magnetic field for the Kaune et al.
code. While controlling for age, sex, ciga-
rette smoking, family income, and race, the
parameter estimate for the exposure vari-
able was —0.0093, which suggests that the
estimated relative risk decreases somewhat

TABLE 6
Risk estimates of acute nonlymphocytic leukemia in
relation to Kaune et al.'s residential exposure
classification (46), western Washington state,

as the exposure increases. From this esti-
mate, one can calculate the odds ratio of
exposure to a 2 milligauss field versus no
exposure as e¢'*?~%%%% = ( 83 (95 per cent
confidence interval (CI) = 0.40-2.09).

Field measurements made by the
interviewers

A large proportion of our study subjects
(or their next-of-kin) had moved after the
reference date. Because of this, we com-
pleted measurements for 138 (55.9 per cent)
of our interviewed subjects. All measure-
ments were made in milligauss and were
adjusted for season of year and time of day.

Qur data suggest that the use of house-
held appliances may make a small contri-
bution to the magnetic environment in the
residence. Based on all 138 measured resi-
dences in this study, it was found that the
mean low power configuration magnetic
field was 0.929 milligauss. The mean high
power configuration magnetic field was
1.105 milligauss. The mean difference be-
tween the high and low power measure-
ments was (.174 milligauss, and this differ-
ence was statistically significant (p <
0.001) on the basis of a ¢ test (¢ = 3.58, 137
degrees of freedom).

Table 7 shows the risk estimates for ex-
posure under conditions of low and high

TASLE 7
Risk estimates of acute nonlymphocytic leukemia in
relation to the weighted and unweighted mean
magnetic field measurements made in the kitchen,
bedroom, and family gathering room of the subject’s
residence at reference date, western Washington state,

19811984 1981-1984
Exposure oot Moot Exlp“‘l"‘ Odds ratio (95% CI*)
level ca;es cont.roll rjadt;'ho 95% CI* iliei“ Lower power High power
(milligauas) (milligauss) configuration configuration
Longest residence 3-10 years before reference date Mean exposure
0-0.50 29 28 1.00 0-050 1.00 1.00
0.51-1.99 46 64 0.69 0.37-1.32 0.51-1.99 1.16 {0.52-2.56) 0.55 (0.25-1.22)
2.00+ 14 18 0.75 0.31-1.80 2.00+ 1.50 {0.48-4.69) 1.56 (0.49-5.04)
Residence closest to reference date Weighted mean exposure
0-0.50 40 42 1.00 0-0.50 1.00 1.00
0.51-1.99 70 92 0.80 0.47-1.36 0.51-1.99 1.17 (0.54-2.54) 0.91 (0.42-1.96)
2.00+ 23 25 0.97 0.47-1.98 2,00+ 1.03 (0.33-3.20} 1.25 (0.35-4.48)

* CI, confidence intervai.

* CI, confidence interval.
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power configurations. We calculated both
the mean exposure (the mean of the
kitchen, bedroom, and family rcom mag-
netic field measurements) and the weighted
mean exposure (weighted by the relative
amount of time the subject spent in each of
the three rooms). Each exposure was cate-
_gorized into fixed categories (0-0.50 milli-
gauss, 0.51-1.99 milligauss, and 2+ milli-
gauss). An increase in risk was associated
only with the low power measurements of
magnetic field exposure, and this apparent
trend could easily be due to chance (trend
test, p = 0.50). This trend was further in-
vestigated by considering subjects with 3+
milligauss exposure (very high exposure)
versus those with 0-0.50 milligauss expo-
sure {low exposure). The odds ratio was
0.94 (95 per cent CI = 0.16-5.54). These
exposures were also categorized into tertiles
and the risk estimates were not signifi-
cantly different from unity and no dose-
response was observed (not shown).

Four separate logistic models were fitted
to the data with the four exposures shown
in table 7 evaluated on a continuous scale
while controlling for age, sex, race, family
income, and cigarette smoking. Each ex-
posure coefficient was close to 0, suggesting
that the measured fields were not appreci-
ably associated with acute nonlymphocytic
leukemia risk. The logistic risk estimate of
a 2 milligauss field exposure versus no ex-
posure for the low power exposure was 1.30
(95 per cent CI = 0.56-3.00), comparable
to the risk estimate of 1.50 from the cate-
gorical analysis. The logistic risk estimate
for the weighted mean exposure of 2 milli-
gauss was 0.96 (95 per cent CI = 0.37-2.47),
comparable to 1.03 from the categorical
analysis,

Electric blankets

Besides the ambient magnetic fields
found in the residence, it is possible that
substantial additional exposure may come
from the use of electric blankets. There is
some evidence that the fields generated by
electric blankets are relatively intense (25).
In addition, they may be in continuous use

for extended periods of time, and the user
tends to be in close proximity to the blanket
while it is on. The use of electric blankets,
electric water bed heaters, and electric mat-
tress pads was evaluated in our data, and
no significant associations were found.
There was a nonsignificantly increased risk
associated with the use of electric blankets
that was limited only to those subjects with
a family income less than $15,000 per year
(odds ratio = 2.40, 95 per cent CI = 0.99-
5.84). However, this association was not
observed in those subjects with a higher
income (odds ratic = 1.01, 95 per cent CI
= 0.53-1.94}.

DiscussioN

There was no consistent evidence of an
increased risk of acute nonlymphocytic leu-
kemia associated with residential exposure
to power-frequency magnetic fields. None
of the risk estimates were significantly
greater than 1.0, and no convincing dose-
response relation was observed for the var-
ious measures of exposure that were consid-
ered in this study. .

This study has several inherent limita-
tions.

First, the estimates of exposure based on
the wiring configurations were indirect. An
analysis of the relation between the 24-hour
magnetic fields measurements and the
Wertheimer and Leeper code (25) resulted
in a correlation coefficient of 0.41 (46),
which suggests that there is a relation be-
tween the two variables. However, only 17
per cent of the variation in the magnetic
field measurements is explained by the
Wertheimer code, so this index of exposure
is imprecise. This would reduce the power
of this study to detect a true association
between acute nonlymphocytic leukemia
and magnetic field exposure utilizing the
Wertheimer code as an index of exposure.

Second, the direct field measurements
were made after the reference date. Even
though there is no direct evidence that
power-frequency magnetic fields change on
the average from year to year, neither are
there any data to suggest that these fields
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remain stable over long periods. It may be
impossible to obtain exact historical mea-
sures of this type of exposure in a retro-
spective study.

Third, only residential exposures were
considered. Other (possibly substantial)
power-frequency magnetic field exposures
from other settings (such as place of em-
ployment) were not studied.

Fourth, the comparison of information
from next-of-kin respondents for deceased
cases with information from live controls
may introduce some bias into a case-control
study (57). This is probably not true for
this study, however, since exposure assess-
ment was based on residence histories
which, in another study from the same area
(58), were as reliably obtained from next-
of-kin as from live subjects for a 30-year
period. The vital status of the subject would
not affect the mapping of power lines
around the residence or the reading of field
meters. In addition, no significant differ-
ences were found between the deceased and
living cases.

Tobalancetheselimitations, thestudyhas
a number of strengths. Use of a population-
based cancer registry for case identification
allowed identification of virtually all cases
of cancer that occurred in the study area.
Moreover, we were able to select the con-
trols from the same population that con-
tributed the cases. These procedures mini-
mized the potential for selection bias to
influence the results of the study. Unlike
most previous epidemiologic studies of
power-frequency magnetic field exposure
and neoplasia, actual in-house magnetic
field measurements were made and ana-
lyzed. In addition, the mapping technician
was unaware of the subject status, as were
the investigators from Battelle Pacific
Northwest Laboratories who assigned both
the Wertheimer and Leeper and the Kaune
et al. codes for each residence from the
maps. Also, the Kaune et al. code was based
on correlations between wiring configura-
tions and actual measurements of magnetic
fields. Finally, data on potentially con-
founding factors were obtained through a

personal interview. This allowed for the
control of these factors on an individual
level when estimating relative risks in re-
lation to magnetic field exposure.

- The sample size of the current study was
such that a twofold increase in risk from
exposure to high current configurations in
the longest residence 3-10 years before the
reference date could be rejected with 95 per
cent confidence. Due to the smaller sample
gize, the confidence intervals for the rela-
tive risks are wider in relation to the field
measurements, and, as such, caution is ad-
vised in evalusating this part of the study.
However, the absence of an increase in risk
with level of exposure as judged by these
measurements provides some additional
evidence against an association between ex-
posure and the disease under study.

The results of this study thus do not
provide evidence for an association between
residential exposure to 60 Hz magnetic
fields and acute nonlymphocytic leukemia.
None of the exposure measurements made
in this study were associated with acute
nonlymphocytic leukemia. There was no
evidence that recent exposure had a pro-
motional effect on acute nonlymphocytic
leukemia. This study is consistent with the
study by Wertheimer and Leeper (25) in
that neither study reported an increased
risk of leukemia associated with exposure
to residential magnetic fields. Since this
study was limited to acute nonlymphocytic
leukemia, magnetic fields may be associ-
ated with neoplasms other than acute non-
lymphocytic leukemia.

If future studies of magnetic field expo-
sure are undertaken, exposure measure-
ments might be improved in two ways.
First, in-house measurements could be ex-
tended over time. This would involve tak-
ing measurements over a 24-hour period (or
longer if possible) for all study subjects.
These measurements could then be re-
peated several times in different seasons of
the year. Second, exposure measurements
could be extended to include nonresidential
settings such as the subject’s place of em-
ployment, although meters and other bulky
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equipment may not always be welcome in
occupational settings. Efforts are underway
to develop convenient personal exposure
monitors for magnetic fields (59). If these
monitors become available and feasible for
personal monitoring, they could be useful
in future epidemiologic studies.
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