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Historical evidence that residential
electrification caused the emergence
of the childhood leukemia peak

S. Milham, E. M. Ossiander

Washington State Depatmant of Health, Clympia, Washington, USA

Summary A peak in childhood lsukemia, agas bwo through four, smerged da nova in the 19208 in the United
Kingdam and slighily later in the United States (US). Elecirification in US farm and rural areas lagged behind urban
araas until 1956, In recent years, childhood leukemia has been associated with residantial electromagnetic fields.
During 13281932, in states with above T5% of reskdences served by eleciricily, leukamia mortality increased with age
for single vears 0—4, while states with electrification levels balow 75% showed a decreasing trend with agea

(7= 0.008). During 19451951, all states showed a peak in laukemia maortality af agas 2—4_ Al agas 0—1, leukemia
mortality was not related o elacirification levels. At ages 2—4, there was a 24% (85% confidence intarval

(1), 8%—41%) increass in leukemia moality for a 10% increase in percant of homes sarved by electriciy.

The childhood leukarmia peak of common acule ymphoblastic leukemia may be attributable 1o alectrfication.
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In 1861, Court Brown and Dol (1) suggested thar, < a
new lenkemogenic agent . had been introduced first
ineo Britain in abowt 1920, and Later into the United States
and other countries. This was based on the remarkable
phservation that a new peak in childhood leukemia mor-
tality between ages two and four had emerged in Britain
in the 1920 and that in the 50 yvears starting in 1911,
leukemia morntality had increased an average of 4.5% per
viear at ages under 10 They noted that the childhood
peak wias not present in morality data for US blacks or in
Japanese children. In the U5, a leukemia mortality peak
between ages twio and four was first demonstrated in bos-
pital data by Cooke in 1842 (2), but years of death of
the cases were not specified. In a 1958 review of US
leukemia mortality, Gilliam and Walter (3) demonstrated
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a childhood peak for white boys dying in 1928-1931, and
for white girls dying in 193%=184 1. They did no analysis
for intracensal years, 1932<1938. No such peak was evi-
dent for black children. For the years 152 1=1955, they
alsp showed a dramatic increase in the age-adjusted
leukemia mornality rate for all ages in both whites and
nom=whites and in both sexes. For the entire US popula-
ticn, leukemia increased by 64 percent between 1930 and
1840, and by 43 percent between 1940 and 1950,
Fraumeni and Miller (4) demonstirated that the childhood
peak, missing in US blacks and in the Japanese in earlier
years had emerged in both groups after 1960, They also
demonstrated that after 1955, leukemia rates in the US
and in England and Wales have tended wo level off.
Burnett, in 1958 (5) commented that whatever was caus-
ing these changes in leukemia monality represented,
Lsome widespread change, not something peculiar to
one country? [n the last two decades, with the develop-
ment of population-based twmor registries, it has been
showin that there are ten-fold differences in the incidence
of childhood leukemia around the world from a low of
04 per 100000 in black African children to a high of
about 4.5 per 100 000 in Hispanic children in Costa Rica
i6). A number of authors have decided that the tme
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trends and racial and ethnie differences indicare thae
cormmaon acute [ymphoblastic leukemia (cALL) is some-
how linked w an improving standard of living (7),
increased socioeconomic status (8), increased industrial-
igation, and urbanization of the population (%), Greaves
and Alexander {10,11) discuss the evidence for in utero
initiation of childhood leukemia and point out that cALL
which arises from B cell precursors, makes up 75% of all
childhood acute lvmphoblastic leukemia and s0% of all
childhood leukemia, and is solely responsible for the
peik in childhood leukemia between ages two and fivie
A number of theores explaining the etiolegy of acue

Iymphoblastic leukemia have arisen as the result of

recent studies in Great Britain, Alexander {12), suggests a
viral etiology, Kinlen (13), favors population mixing and
an unusual exposure tooa commoen infection, and Greaves
and  Alexander (11 favor immunelogic solation in
infancy followed by a rare mesponse o a common infec-
tiom. Small area analysis supports the association between
higher socioeconomic status of arcas and the incidence
of childhood leukemia Rodrigues et al {14) and Greaves
and Alexander {11) note that the area results are stronger
than individually based resuls, suggesting thar ... com-
munity  characteristics are  themselves of  enological
imporiance!

Sinoe 1979 there has been acoumulating epidemiologic
evidence that leukemia and cenain other cancers are
somehow linked with exposure o electromagnetic fields
(EAMFs). Wentheimer and Leeper (15) reported that Denver
ared children who had died of childbood cancers had visi-
ble electric wiring ar their houses which differed From thie
at non-cancer comparison houses, The difference sug-
gested that the cancer houses were served with higher
electric currents, and therefore had  higher residential
magnetic fields. In 1982, one of the authors 5M) showed
that occupations with an intuitive exposure o EMEs had
increased mortality due o lenkemia {16). Since the arly
19808 about 100 occupational and 40 residential epidemi-
ologic studies of the EMF-cancer association have been
published (17) Interestingly, of the approgimately 500
separate risk ratios published in these studies, six are ele-
vated for every one that is reduced. A recent meta-analysis
of 16 childhoed leukemia stadies (18) concludes that, .
the data provide relatively stromg and consistent supporn
for a somewhat weak elevated risk of leukemia for chil-
dren living in proximity w power lines! A working group
of the National Institute of Environmental Health Sciences
recently decided that EMTs are probable carcinogens, and
that the leukemia=EMF link demonstrated a Tairly consis-
tent pattern’ in epidemiologic studies of both children and
electrical workers (17). If some facer of EMF exposure is
indeed carcinogenic, a simulaneous examination of the
history of elecinfication and leukemia in the US should be
reviealing. Childhood leukemia with death under age 5

Madical Hypotheses

years was chosen as the cancer to study, because unril
about 1560, it was uniformly faal, and wias well reporved
on death reconds. Also, the descriptive epidemiclogy of
childhood leukemia stronmgly sugpests an environmental
etiology {19). We decided w concentrate on the early years
of electrification in the US, since, in the developed world,
electrical exposures are now s widespread that i is nearly
impossible o find unexposed comparison groups.

Im the US, in 1920, aboue hall of urban and roral non-
farm homes had electric service as compared w L% of
farm homes (200 By 1940, 20% of non=farm residences
had electric service compared o 35% of farm homes. Tt
took until 1956 for farm homes oo have the same percent-
ape of electric service (P8%) as non-farm homes. The great
distances and expense delaved roral elecirification in the
U5 unil the Rural Electrification Act was passed in 1935,
The delay of a generation in the electrification of farm
homes in the US created an opportunity o examine the
epidemiclogy of leukemia in this tme period in relaton-
ship to electrfication. Inwerestingly, as late as 1955, only
20% of generated electricity was used in residences (20).

MATERIALS AND METHODS

Mortality records of the US, 1920=1260 (2 1) and US cen-
sus bureau data (US Census of population, 1930, 1540,
1 850) for populations and electrification (20) wore exam-
ined, abstracted and keved. Childhowd leukemia deaths
by wear, state, race and age (single years of age through
age four) and stare popuolation data were entered inw a
personal computer. National data was available for all
yedrs, but state data by single vears of age was only avail-
able for vears around the 1930 and 1950 censuses,
Additional US Bureau of the Census population data was
downlpaded from the Internet (22). Peisson regrossion
wias used o study the relationship between elecirification
and leukemia mortalivy. S-Plus (23) was used for analysis.

For 1840 and 1950, the percentage of homes by siate
with electricity is available for three classes of homes:
urban, rural mon=farm and farm. For 1930, only the nume-
ber and percentage of farm homes by state with eleciric
service 15 available. The 1930 urban and rural non-farm
electrilication levels were estimated by applying the 15940
electrification data w the 1930 population data. On the
national level, there was linle change between 1930 and
1840 in the percent of urban and rural non-farm bormes
with eleciric service (20), These estimates are certainly
higher that the true 1930 data, since elecerification rates
wiere higher in 1940 than 1930,

Childhood  leukemia rates by single vears of age
throwgh  age  four were  caleolated o each  siate
| 9Z8=193E and 15949<1951 by using the anmuoal death
counts and the census popualation data for 1930 and
1950, Some states entered the death registration system
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during 1928=1932. For these sates, the leukemia death
rate was calculated using the vears for which information
was available. Data was missing for the following stawes in
the vears nowed: Nevada, 1928, New Mexice, 1928; South
Dakom, 1928<1929; Texas, 1928<1932; and Alaska, all
vears, Hawaii entered the death registration system in
1929, but no state data was available for Hawaii,

White infant mortality rates by state for 1950 were
comparad to childhood leukemia mortality rates ages two
through four, and to percent of residences served by elec-
tricity by state.

RESULTS

The results are based on 1333 lenkemia deaths in chil-
dren under the age of five in 1928=1932, and 2640 such
deaths in 1949<1951.

Figure 1 shows the development of the childhood
leukemia peak for white children in the US in the period
1920=19600 No such peak 15 seen for black children in
the same time period. During 1928-1932, states with a
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Fig. 1 Childhood leukermia mortslity for US whites by single years
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Fig. 3 Limear regression on childhood leukemia moslty rabes in
death registration states, sl races, 1926—1932, by percen
residental electrification and age al death. (Stales wene grouped by
quintile of percent of homes with sleciic service, and rates wens
computed for each quintile.}

higher percentage of homes served by electricity had
higher childhood leukemia monality (see Figure Z).

For 1928=1%32 the authors fit @ model using state
mortality data in five age categories (single years of age
through age four) and stare elecrrification data as percent
of homes served. In this model electrification signifi-
cantly maedified the relatonship between age and
leukemia mornality (P = 0.008). Figure 3 shows the trend
in leukemia morality rates across ape up through age
four for five categories of electrification. n states with
electrification levels of 73% or more, leukemia mortality
increased with age while states with elecrrification levels
below 75% showed a decreasing mend with age.

In the final model for 1949< 1951 data, age was entered
as a caregorical facoor with two levels, age less than two,
and ages two through four, and electrification was entered
as a linear factor. During 1949=1951 all states showed a
peak in mortality at ages two through four see Figure 4).
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Fig. 4 Chikincod leukemia mortality rates in all LS states, all
races, 19481951, by percent residential alectification and sge at
deam. (Slates wers grouped by guintile of peroent of homes with
elecine service, and rales were comguted 1o esch quintike.)
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The peak was highest in states with the highest levels of
electrification. At age less than two, leukemia mortalivy
was not related 1o elecurification levels. At ages two
through four, there was a 24% (#5% confidence interval
B=d4 1%) increase in leukemia mortality for each 109
increase in percent of homes served by electricity.

In 1950, in states with less than 95% of residences
elecrrified, there was no relationship between white
infant morality rates and residendal electrification, while
these states clearly demonstrated the childhood leukemia
peak association with residential electrification. Also, no
assegiation was seen between infant monality raes by
stare and leukemia rates at ages two through four

The most remarkable feature of childhood leukemia has
been the development of a childhood peak of incidence
at ages two through four. This peak has been shown 1o be
made up of the single leukemia subrype, common acue
lymphoblastic leukemia The results of our study supges:
that the childheod leukemia peak was present in 1930 in
the United States in states with more than 75% of resid-
ences served by elecricity. By 1950, the peak was evident
in all states, but was more pronounced in those staies
with a higher percentage of homes with electric service.
In the non-peak ages less than two years in the years
1949<1851, childhood leukemia mortality rates were not
related oo electrification levels. Our results sugpest the
childhood leukemia peak cocurred earlier in states with
high levels of residential electrification.

World-wide, the emergence of this peak tracks elecer-
ificarion. Even today, places without electrification do nog
show this peak Similarly, the association between social
class, urbanizatiom, modernization, and industrialization
and leukemia incidence could all be explained by electrif-
ication. In an atempt to explain the shift from childbood
lymphoma to leukemia which occurred in Gaza Strip
Arabs in the 19708, Ramot and MoGrath noted dramatic
.. available housing and cwned appliances”
and hypothesized that the environment . is a major
determinant...” of the childhood cancer patterns they
observed. In the same time period 1sraeli Jewish children
already showed the childhood leukemia partern which
lsraeli Arab children were developing. Black Africans do
not demonstrate the childbood leukemia peak, and in the
carly wears of electrification, US blacks who were prima-
rily rural without electric service, also did not show the
peak. As electrification spread wo rural areas, and blacks
moved w ourban {electrified) areas, blacks like whites
demonstrated the peak.

The inernatiomal pattern of childhood leukemia ind-
dence reviewed by Linet and Devesa (19 also fits nicely
with electrification. Costa Ricas high incidence is nog

increases in
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surprising, since it has the health characeristics of devel-
oped countries and has a high level of electrification. The
highest leukemia raes are seen in North America,
Scandinavia, in New Zealand and Australian whites, and
in Hong Kong. In small area studies in the UE, the fact
that commumnity characteristics outweigh individoal char-
acteristics in predicring leukemia risk, is consistent with
an effect of electrification. The fact that the childhood
leukemia peak was first seen in the UK, may be due w
the fact that Britain and Europe electrified their farms
much earlier than those in the US, and UK morality neg-
istration was more complete at that time

Power-frequency (50 and &0 Hz) alternating magnetic
fields are the most likely active agents in the elecrrification
effect. In the EMF literature, childhood leukemia incidence
has been associated with historical caloulared magnetic
ficlds abowve one mG (milligauss) (24) and acue lyme
phoblastic leukemia incidence in children has been associ-
ated with measured magnetc felds above three mG (25).
Residential magnetic fields above one mG are uncommaon
today, and must have been rare in the early days of elecin-
fication. In the US in the pericd 1920=1940 electricity in
homes was used primarily for lighting, with the radio and
eleciric iron often being the only electrical appliances.
With the great increase in appliance use afer 1940, resi-
dential electric currents and magnetic fields must have
increased. Residential powver consumption rmose by a facior
of eight berween 1940 and 1960 (200 The delay in the
appearance of the childhood leukemia peak until the
19308 may be due to the fact that residential magnetic
frelds wiere not high enough w indece leukemia until then.
The rise in leukemia rates over time may reflect rising pop-
ulation exposure o alternating magnetic felds. Improved
reporting of leukemia incidence and monality  could
account for some of the tme trend increase, but the emer-
pence of the childhood peak would necessitate  the
unlikely scenarico that leukemia at ages two through four
wias berter diagnosed and ascertained than at other ages.
Infant mormality rates by state, a surrogate for level of med-
ical care and, therefore diagnosis and ascerainment of
childhood leukemia, were ot related 1o leukemia mortal-
ity in the peak years or to residential electrification. The
fact that the childhood leukemia peak first appearced with
electrification and is seen only in electrified areas supgpesis
that a large percentage of childhood cALL is atrributable o
electrification. The leveling off of leukemia rates after 1950
may reflect the leveling off of residential magnetic feld
exposures. Modem home construction which uses none
metallic water and sewer pipes results in lower ground cur-
ammd  residential magnetic felds. Similarly, the
under-grounding of residential electric service resulis in
levwwver residential magnetic fields

It could be argued thar some other new urban factor
in the 19205 and 19308 caused the childhood leukemia
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peak to emerge when it did. However, this could not
account for the face that rural areas in the US developed
the peak only after they received electric service while
retaining their essentially rural nature, In the decade
between 1930 and 1940 when the childhood leukemia
peiak first emerged, the urbanization of the US popula-
tion increased less than 1% (20). Kinlen hypothesized
that population mixing caused by inward migration inw
a region and consequent unusual exposure to a com-
mon  infections  agent  could childbeod
leukemia incidence {13). US census data dees not show
larger population increases in regions with more electri-
fication than in other regions between 1920 and 1930
(20). By 1950, the childhood peak was apparent in all
states,  including  those where the population  had
decreased. Unfortunately, US stares are too large wo test
the ‘new town' hypothesis,

In the US in the pericd 1820=1960, the great distances,
sparse population in rural areas, and the great expense of
elecerification delayed the extension of the new world-
wide technology of electric power into the population for
i period of nearly 35 years. This resulied in two large pop-
ulations, one exposed to and one not exposed o residen-
tial EMFs. Fortunarely, both populations were covered by
the same morality registeation system, and the large
number and hererogeneity of the US suates for which sin-
gle vear of age childhood leukemia mortality data was
availabde allowed clear dilferences in childhood leukemia
mortality 1o be seen.

Until podes and wires were first extended into our oom-
mumnities, humans had never been exposed w alemating
power-frequency felds. Similarly, radio, television, radar,
microwaves, cell phones, and the other indispensable
devices of pur modern world, all expose humans o EMFs
which are completely new wo human evolutionary experi-
ence. There is spme evidence that other pans of the elec-
tromagnetic spectrum may be leukemogenic (26,27)
Weak alternating magnetic fields have been shown o
affect reaction time (28), slow the heare (29), and affect
the elecioencephalogram in humans (30). Noctumal
secretion of the pineal hormone melatonin, a powerful
anti-cancer agent, i5 suppressed by chronic exposure o
altermating magnetic felds in electrical workers (31).

A criticism of the EME/cancer epidemiologic studies i
thar caloulated risks have usually been low {two or three
times as high as expected). We believe that this is doe w
the fact that there are no troly unexposed comparison or
control groups in developed {electrified) soceties, and
that EMF exposure assessment has been limited w the
power-frequencies. The analyses of the twentieth century
rise in residendal electric comsumption along with fat
cancer and leukemia incidence inm the US (32) and Canada
{33) are often cited as evidence against any EMEF-canoer
asspciation. Boih analyses are seriously lawed, since they

increase
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bepin their cancer trend analyses in the 19705, 40 years
after the childhood leukemia peak emerged.

We must ask why others who have studied the emer-
gence of the childhoed cALL peak did not arrive ar the
same conclusion. As early as 1960, Court Brown and
Dall ™ recognized that a new lenkemogen had been
introcluced into the UK and the US in the 19208 and
19305, but did not make the connection to electrifica-
tion. This is understandable in that none of the epidemi-
elogic studies linking lenkemia with EMFs had been
done vet, and there was no evidence then that low
energy power-frequency fields were either binlogically
active or carcinogenic. The wrban=rural spread of
leukemia in Europe happened over a much shorter time
period than it did in the US, and in the US, where there
was a long delay in roral electrification, the lenkemia
mortality data and US census data was missing or dis-
continueus for urban-rural starus and for electrifica-
tion. Before 1932, mortality data was available for only a
fraction of the US population. There i no mention of
urban=rural status in the otherwise detailed analysis
done by Gilliam and Walwer (3).

Tov fellowr up on our observations, childhood leukemia
deaths before 1960 in the peak age years could be com-
pared to childhood leukemia deaths at other apges o see
wihether they had in utero or early infancy exposure to
an electrified residence. An area covered by a tumor
registry which has a large number of electrified and non-
electrified residences could examine cALL cases in the
childhood peak in a similar design.

The authors conclude the childbood leukemia peak of
common acute lymphoblastic leukemia (cALL) is atribut-
able to residential electrification. 75% of childhood acute
lympheblastic leukemia and 60% of all childhood
leukemia may be preventable.
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