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I.

KEY SCIENTIFIC EVIDENCE

Exposure to electromagnetic fields (EMF) has been linked to a variety of adverse health
outcomes. The health endpoints that have been reported to be associated with ELF and/or RF
include childhood leukemia, adult brain tumors, childhood brain tumors, genotoxic effects (DNA
damage and micronucleation), neurological effects and neurodegenerative disease, immune
system disregulation, allergic and inflammatory responses, breast cancer in men and women,
miscarriage and some cardiovascular effects.
Effects are not specifically segregated for ELF or RF, since many overlapping exposures occur
in daily life; and because this is an artificial division based on frequencies as defined in physics
that has little bearing on the biological effects. Both ELF and RF, for example have been shown
to cause cells to generate stress proteins, a universal sign of distress in plant, animal and human
cells.
The number of people exposed to elevated levels of EMF has been estimated in various studies,
and there is general agreement among them. In the United States, few people have chronic or
prolonged exposures over 4 mG (0.4 µT) (Kheifets et al, 2005b). Section 20 has information on
average residential and occupational ELF levels. The highest exposure category in most all
studies is > 4 mG (> 0.4 µT). Many people have daily exposures to ELF in various ways, some
of them up to several hundred milligauss for short periods of time, but relatively few people with
the exception of some occupational workers habitually experience ELF exposures greater than 12 mG (0.2 – 0.3 µT - App. 20-A).
The exposure of children to EMF has not been studied extensively; in fact, the FCC standards for
exposure to radiofrequency radiation are based on the height, weight and stature of a 6-foot tall
man, not scaled to children or adults of smaller stature. They do not take into account the unique
susceptibility of growing children to exposures (SCENIHR, 2007; Jarosinska and Gee, 2007),
nor are there studies of particular relevance to children.
Differences in exposure patterns between infants, children and adults; 2) special susceptibilities
of infants and children to the effects of EMF; and 3) interactions between chemical contaminants
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and EMF are lacking; as are studies on chronic exposure for both children and adults. There is
reason to believe that children may be more susceptible to the effects of EMF exposure since
they are growing, their rate of cellular activity and division is more rapid, and they may be more
at risk for DNA damage and subsequent cancers. Growth and development of the central
nervous system is still occurring well into the teenage years so that neurological changes may be
of great importance to normal development, cognition, learning, and behavior. Prenatal exposure
to EMF have been identified as possible risk factor for childhood leukemia. Children are largely
unable to remove themselves from exposures to harmful substances in their environments.
Their exposure is involuntary.
Like second-hand smoke, EMF is a complex mixture, where different frequencies, intensities,
durations of exposure(s), modulation, waveform and other factors is known to produce variable
effects. Many years of scientific study has produced substantial evidence that EMF may be
considered to be both carcinogenic and neurotoxic. The weight of evidence is discussed in this
report, including epidemiological evidence and studies on laboratory animals.
Relative risk estimates associated with some of these endpoints are small and the disease is fairly
rare (for childhood leukemia, for example), For other diseases, the risk estimates are small but
the diseases are common and EMF exposures at levels associated with increased risks are
widespread and chronic so the overall public health impacts may be very large.

A. Weight of Evidence Assessment and Criteria for Causality
A weight-of-evidence approach has been used to describe the body of evidence between health
endpoints and exposure to electromagnetic fields (ELF and RF).
The number and quality of epidemiological studies, as well as other sources of data on
biological plausibility are considered in making scientific and public health policy judgments.
Methodological issues that were considered in the review of the epidemiological literature
include 1) quality of exposure assessment. 2) sample size of the study, which detects the power
to detect an effect, 3) extent to which the analysis or design takes into account potential
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confounders or other risk factors, 4) selection bias, 5) the potential for bias in determining
exposure. Assessment of the epidemiological literature is consistent with guidelines from Hill
(1971), Rothman and Greenland (1998) and the Surgeon General’s Reports on Smoking (US
DHHS, 2004), and California Air Resources Board (2005). Factors that were considered in
reaching conclusions about the weight of evidence overall included strength of the association,
consistency of association, temporality, biological plausibility, dose-response and issues with
non-linear dose-response, specificity and experimental evidence.
There is a relatively large amount of human epidemiological information with real world
exposures, including data from occupational studies.

There is less animal data in most cases,

except for the genotoxicity studies. Human epidemiological evidence has be given the greatest
weight in making judgments about weight-of-evidence, where the results across high quality
studies give relatively consistent positive results. Meta-analyses of childhood leukemia, adult
leukemia, adult brain tumors, childhood brain tumors, male and female breast cancer and
Alzheimer’s disease were relied upon in assessing the overall strength of epidemiological study
results. Sections 5 – 15 provide analysis of the relevant scientific studies that are key evidence in
making public health policy recommendations with respect to exposure to electromagnetic fields
(both ELF and RF).

B. Summary of Evidence
1. Childhood Leukemia
Several meta-analyses have been conducted to assess risks of childhood leukemia from exposure
to ELF. The results of these studies that combine or pool results of many individual studies
(including studies that report both effects and no effects) consistently report increased risks.
Meta-Analysis: Studies of Childhood Leukemia and EMF
Greenland et al., (2000) reported a significantly elevated risk of 1.68 [95% CI 1.23-2.31] based
on pooled results from 12 studies using a time-weighted average of exposure greater than 3 mG
(0.3 µT). This is a 68% increased risk of childhood leukemia.
Ahlbom et al., (2000) reported a doubling of risk based on a meta-analysis of nine (9) studies.
The results reported an elevated risk of 2.0 [95% CI 1.27-3.13] for EMF exposures equal to or
greater than 4 mG (0.4 µT) as compared to less than
1 mG (0.1 µT)
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Other Relevant Evidence
In 2002, the International Agency for Cancer Research (IARC) designated EMF as a “possible
human carcinogen” or Group 2B Carcinogen based on consistent epidemiological evidence. The
exposure levels at which increased risks of childhood leukemia are reported in individual studies
range from above 1.4 mG or 0.14 µT (Green et al., 1999)for younger children to age six (6) to 4
mG (0.4 µT). Many individual studies with cutpoints of 2 mG or 3 mG (0.2-0.3 µT)) report
increased risks. Plausible biological mechanisms exist that may reasonably account for a causal
relationship between EMF exposure and childhood leukemia.
Recurrence of Childhood Leukemia and Poorer Survival Rates with Continued EMF
Exposure
Foliart reported more than a four-fold (450% increased risk) of adverse outcome (poorer survival
rate) for children with acute lymphoblastic leukemia (ALL) who were recovering in EMF
environments of 3 mG (0.3 µT) and above (OR 4.5, CI 1.5-13.8). Svendsen reported a poorer
survival rate of children with acute lymphoblastic leukemia (ALL) in children exposed to 2 mG
(0.2 µT) and above. These children were three times more likely (300% increased risk) to die
than children recovering in fields of less than 1 mG (OR 3.0, CI 0.9.8). Children recovering in
EMF environments between 1- 2 mG (0.1-0.2 µT) also had poorer survival rates, where the
increased risk was 280% (OR 2.8, CI 1.2-6.2).

Higher Lifetime Cancer Risks with Childhood EMF Exposure
Lowenthal (2007) reported that children raised for the first five years in home environments
exposed to EMF within 300 meters of a high voltage power line have a five-fold (a 500 percent
increased risk of developing some kinds of cancers sometime in later life. For children from
newborn to 15 years of age; it is a three-fold risk of developing cancer later in life (Lowenthal et
al., 2007). There is suggestive evidence for a link between adult leukemia and EMF exposure.
Attributable Risk
Wartenberg estimates that 8% to 11% of childhood leukemia cases may be related to ELF
exposure. This translates into an additional 175 to 240 cases of childhood leukemia based on
2200 US cases per year. The worldwide total of annual childhood leukemias is estimated to be
49,000, giving an estimate of nearly 4000 to 5400 cases per year. Other researchers have
estimated higher numbers that could reach to 80% of all cases (Milham, 2001).
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2. Childhood Brain Tumors
Childhood Brain Tumors
There is suggestive evidence that other childhood cancers may be related to EMF exposure. The
meta-analysis by Wartenberg et al., (1998) reported increased risks for childhood brain tumors.
Risks are quite similar whether based on calculated EMF fields (OR = 1.4, 95% CI = 0.8 – 2.3]
or based on measured EMF fields (OR = 1.4, 95% CI = 0.8 – 2.4).

3. Adult Brain Tumors
Brain Tumors in Electrical Workers and in Electrical Occupations (Meta-analysis)
A significant excess risk for adult brain tumors in electrical workers and those adults with
occupational EMF exposure was reported (Kheifets et al., 1995). This is about the same size
risk for lung cancer and second hand smoke (US DHHS, 2006). A total of 29 studies with
populations from 12 countries were included in this meta-analysis. The relative risk was
reported as 1.16 (CI = 1.08 – 1.24) or a 16% increased risk for all brain tumors. For gliomas, the
risk estimate was reported to be 1.39 (1.07 – 1.82) or a 39% increased risk for those in electrical
occupations. A second meta-analysis published by Kheifets et al., ((2001) added results of 9
new studies published after 1995. It reported a new pooled estimate (OR = 1.16, 1.08 – 1.01)
that showed little change in the risk estimate overall from 1995.

4. Brain Tumors and Acoustic Neuromas
in Cell Phone and Cordless Phone Users (Meta-Analysis)
Glioma and Acoustic Neuroma
Hardell et al., (2007) reported in a meta-analysis statistically significant increased risk for glioma
with exposure of 10 years or greater in persons using cell phones. Risks were estimated to be 1.2
(0.8 – 1.9) for all use; but when ipsilateral use was assessed (mainly on same side of head) it
increased the risk of glioma to 2.0 (1.2 – 3.4) for 10 years and greater use.
For acoustic neuromas, Hardell et al., (2007) reported the increased risk with 10 years or more of
exposure to a cell phone at 1.3 (0.6 – 2.8) but this risk increased to 2.4 (1.1 – 5.3) with ipsilateral
use (mainly on the same side of the head). There is a consistent pattern of increased risk for
brain tumors (glioma) and acoustic neuromas at 10 years and greater exposure to cell phones.
The meta-analysis by Lakhola et al., (2006) reported that brain tumor risk was 1.3 (0.99 – 1.9)
for ipsilateral use of a cell phone, but no data was given for exposures at 10 years or greater (all
exposures were of shorter duration).
The meta-analysis by Kan et al., (2007) reported “no overall risk” but found elevated risk of
brain tumors (RR = 1.25, CI 1.01 – 1.54) > 10 years, reinforcing the findings of other pooled
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estimates of risk. No estimates of increased risk with ipsilateral use were provided, which would
have likely increased reported risks.

5. Neurodegenerative Diseases
Alzheimer’s Disease and ALS
Evidence for a relationship between exposure and the neurodegenerative diseases, Alzheimer’s
and amyotrophic lateral sclerosis (ALS), is strong and relatively consistent. While not every
publication shows a statistically significant relationship between exposure and disease, ORs of
2.3 (95% CI = 1.0-5.1 in Qio et al., 2004), of 2.3 (95% CI = 1.6-3.3 in Feychting et al., 2003)
and of 4.0 (95% CI = 1.4-11.7 in Hakansson et al., 2003) for Alzheimer’s Disease.
Hakansson et al., report more than a doubling of risk for ALS 2.2 (95% CI = 1.0-4.7).
Savitz et al., (1998) reports more than a tripling of risk for ALS (3.1, CI = 1.0 – 9.8).

6. Breast Cancer (Men and Women)
A meta-analysis by Erren (2001) on EMF and breast cancer reported pooled relative risks based
on studies of both men and women. A total of 38 publications were reviewed; there were 23
studies on men; 25 studies on women; and 10 studies on both men and women. The pooled
relative risk for women exposed to EMF was 1.12 (CI 1.09 – 1.15) or a 12% increased risk,
Erren observed that variations between the contributing results are not easily attributable to
chance (P = 0.0365). For men and breast cancer, he reported a fairly homogeneous increased
risk (a pooled relative risk of 1.37 [CI 1.11 – 1.71]).
This analysis is well conducted. The results were stratified according to measured or assumed
intensity of exposure to EMF; and the estimate of risk for the most heavily exposed group was
extracted. Independent estimates of RRs were grouped according to gender, type of study (casecontrol and cohort), country where the study was conducted and method used to assess exposure.
Pooled estimates of RRs and their 95% confidence intervals (CI) referring to various
combinations of these factors were calculated according to appropriate statistical methods
(Greenland, 1987). Misclassification possibilities were thoroughly assessed, and whether the
results were sole endpoints or there were multiple endpoints in each study did not affect the RRs.
Erren qualifies his findings by discussing that latencies for cancers can be 20 to 30 years,
Further, he notes that studies of total EMF exposures from both home, travel and workplace are
rarely available, and these EMF sources are ubiquitous. Both could result in underestimation of
risks. Another way in which risks might be masked is by variations in age of study participants.
Forssen and colleagues (2000) reported no increased RRs for breast cancer in women of all ages
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when they combined residential and occupational EMF exposures (RR = 0.9, CI 0.3 – 2.7).
However, when risks for the women younger than 50 years of age were separated out and
calculated, the RR increased to 7.3 (CI 0.7 – 78.3) although with wide confidence intervals based
on only four cases. Erren notes
“When possibly relevant exposures to EMF in the whole environment are assessed only
partially, errors in the categorization of exposure status are likely to occur. If such
misclassification is random and thus similar in subrgroups being compared (nondifferential),
then the error will tend to introduce bias towards the null. Substantial random misclassification
of exposures would then tend to generate spurious reports of ‘little or no effect’. Note for
example that estimates of smoking-associated lung cancer risks in the early 1950’s could have
been seriously distorted if exposure assessment had not considered smoking either at work or at
home.”
“Collectively, the data are consistent with the idea that exposures to EMF, as defined, are
associated with some increase in breast cancer risks, albeit the excess risk is small.” Erren
(2001)

7. Combined Effects of Toxic Agents and ELF
ELF and Toxic Chemical Exposures
There is also the issue of what weight to give the evidence for synergistic effects of toxic
chemical exposure and EMF exposure. Juuilainen et al., (2006) reported that the combined
effects of toxic agents and ELF magnetic fields together enhances damage as compared to the
toxic exposure alone. In a meta-analysis of 65 studies; overall results showed 91% of the in vivo
studies and 68% of the in vitro studies had worse outcomes (were positive for changes indicating
synergistic damage) with ELF exposure in combination with toxic agents. The percentage of the
65 studies with positive effects was highest when the EMF exposure preceded the other
exposure.
The radical pair mechanism (oxidative damage due to free radicals) is cited as a
good candidate to explain these results. Reconsideration of exposure limits for ELF is warranted
based on this evidence.

II.

FALLACIES AND ANSWERS IN THE DEBATE OVER
EMF EVIDENCE

There are several arguments (false, in our view) that have been presented by those who minimize
the strength of the relationship between exposure to both 50-60Hz ELF and RF EMFs. These
are as follows:
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A. “Only a small number of children are affected.”
This argument is not correct because we do not know precisely how many children are
affected. In 1988 Carpenter and Ahlbom attempted to answer this question based on the
results of the New York State Powerlines Project and the results of the study of Savitz et
al. (1988), and concluded that if the magnetic fields homes in the US were similar to
those in Denver, Colorado fully 10 to 15% of US childhood leukemia (about 1,000 cases)
could be associated with residential magnetic field exposure. They then concluded that
exposure to magnetic fields from non-residential sources (particularly appliances) must
be at least equal in magnitude, and that if so these two sources of exposure would account
for 20-35% of childhood leukemia.
There have been several meta-analyses of the childhood leukemia data (Wartenberg,
1998; Greenland et al., 2000; Ahlbom et al., 2000). All have concluded that there is a
significant association between residential exposure to magnetic fields and elevated risk
of leukemia in children. Greenland et al. (2000) performed a meta-analysis of 15 studies
of magnetic field or wire code investigations of childhood leukemia, and calculated the
attributable fraction of cases of childhood leukemia from residential magnetic field
exposure in the US was 3%. Ahlbom et al. (2000) conducted a different meta-analysis
that concluded there was a significant 2-fold elevation of risk at exposure levels of 4
mG (0.4 µT) or greater. Kheifets et al. (2006) attempted to calculate the attributable
fraction of worldwide childhood leukemia due to EMFs, based on the meta-analyses of
Ahlbom et al. (2000) and Greenland et al., (2000). They concluded that the attributable
fraction of leukemia was between <1% to 4%. The recent WHO Environmental Health
Criteria ELF Monograph #238 (2007) states “(A)ssuming that the association is causal,
the number of cases of childhood leukaemia worldwide that might be attributable to
exposure can be estimated to range from 100 to 2,400 cases per year. However this
represents 0.2 to 4.9% of the total annual incidence of leukaemia cases, estimated to be
49,000 worldwide in 2000. Thus, in a global context, the impact on public health, if any,
would be limited and uncertain.”
These reports are important, in that they show consistency in there being a clearly
elevated risk of leukemia in children with EMF exposure from power line fields in
homes. These meta-analyses lead to the conclusion, reflected in the WHO report, that
there is an association between childhood cancer and exposure to elevated magnetic
fields in homes. We strongly disagree, however, with the overall conclusion that these
calculations indicate that the fraction of childhood leukemia attributable to EMFs is so
small as to not have serious public health implications.
There are several reasons why the WHO ELF Environmental Health Criteria Monograph
conclusion is not justified. These studies all considered either only measured magnetic
fields in homes or wire codes from power lines, ignoring exposure from appliances,
wireless devices and all exposures outside of the home. Thus these metrics do not come
close to accounting for any individual’s cumulative exposure to EMFs. If residential
magnetic fields cause cancer, then those from other sources will add to the risk. The
failure to measure total EMF exposure would tend to obscure the relationship and lead to
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gross underestimation of the true relationship between exposure and disease. While the
evidence for a relationship between exposure and childhood leukemia may be considered
to be definitive at exposure levels of 3 or 4 mG (0.3 or 0.4 µT) or higher; there is
evidence from some (but not all) of the other studies for an elevated risk at levels not
greater than 2 mG (0.2 µT) (Savitz et al., 1988; Green, 1999). There is absolutely no
evidence that exposures at lower levels are “safe”, since persons with these exposures are
usually the “control” group. Therefore this WHO statement fails to acknowledge the true
magnitude of the problem, even when considering only childhood leukemia. The global
attributable risk of childhood leukemia as a result of exposure to EMFs must be
significantly greater than that calculated from consideration of only residential 50/60 Hz
magnetic fields in studies where there is no unexposed control.
As detailed in other chapters in this report (Chapter 10), there is some evidence for a
relationship between EMF exposure and brain cancers in children. We have almost no
understanding of the mechanisms behind the development of brain cancers, and any
cancer in a child is a tragedy. While evidence for a relationship between EMF exposure
and childhood brain cancer is not as strong as for leukemia, it is of concern and deserves
more study. Of even greater concern, given the clear evidence for elevated risk of
childhood leukemia upon exposure to 50/60 Hz EMFs, is the relative lack of a
comparable body of information on the effects of radiofrequency EMFs on the health of
children. A recent study of South Korean children (1,928 with leukemia, 956 with brain
cancer and 3,082 controls) living near to AM radio transmitters reports an OR of 2.15
(95% CI = 1.19-2.11) for risk of leukemia in children living within 2 km of the nearest
AM transmitter as compared to those living more than 20 km from it (Ha et al., 2007).
No relation was found for brain cancer. This study is consistent with the hypothesis that
radiofrequency EMFs have similar effects to 50/60 Hz EMFs, but more study is needed.
Since radiofrequency EMFs have higher energy than do power line frequencies, one
might expect that they would be even more likely to cause disease. The enormous and
very recent increase in use of cell phones by children is particularly worrisome. However
there is little information at present on the long-term consequences of cell phone use,
especially by children.
B. “There is insufficient evidence that adult diseases are secondary to EMF exposure.”
It is correct that the level of evidence definitively proving an association between
exposure to EMFs and various adult diseases is less strong that the relationship with
childhood leukemia. However there are multiple studies which show statistically
significant relationships between occupational exposure and leukemia in adults (see
Chapter 11), in spite of major limitations in the exposure assessment. A very recent
study by Lowenthal et al. (2007) investigated leukemia in adults in relation to residence
near to high-voltage power lines. While they found elevated risk in all adults living near
to the high voltage power lines, they found an OR of 3.23 (95% CI = 1.26-8.29) for
individuals who spent the first 15 years of life within 300 m of the power line. This study
provides support for two important conclusions: adult leukemia is also associated with
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EMF exposure, and exposure during childhood increases risk of adult disease. Thus
protecting children from exposure should be a priority.
The evidence for a relationship between exposure and breast cancer is relatively strong in
men (Erren, 2001), and some (by no means all) studies show female breast cancer also to
be elevated with increased exposure (see Chapter 12). Brain tumors and acoustic
neuromas are more common in exposed persons (see Chapter 10). There is less
published evidence on other cancers, but Charles et al. (2003) report that workers in the
highest 10% category for EMF exposure were twice as likely to die of prostate cancer as
those exposed at lower levels (OR 2.02, 95% CI = 1.34-3.04). Villeneuve et al. (2000)
report statistically significant elevations of non-Hodgkin’s lymphoma in electric utility
workers in relation to EMF exposure, while Tynes et al. (2003) report elevated rates of
malignant melanoma in persons living near to high voltage power lines. While these
observations need replication, they suggest a relationship between exposure and cancer in
adults beyond leukemia.
Evidence for a relationship between exposure and the neurodegenerative diseases,
Alzheimer’s and amyotrophic lateral sclerosis (ALS), is strong and relatively consistent
(see Chapter 12). While not every publication shows a statistically significant
relationship between exposure and disease, ORs of 2.3 (95% CI = 1.0-5.1 in Qio et al.,
2004), of 2.3 (95% CI = 1.6-3.3 in Feychting et al., 2003) and of 4.0 (95% CI = 1.4-11.7
in Hakansson et al., 2003) for Alzheimer’s Disease, and of 3.1 (95% CI = 1.0-9.8 in
Savitz et al., 1998) and 2.2 (95% CI = 1.0-4.7 in Hakansson et al., 2003) for ALS cannot
be simply ignored.
In total the scientific evidence for adult disease associated with EMF exposure, given all
of the difficulties in exposure assessment, is sufficiently strong that preventive steps are
appropriate, even if not all reports have shown exactly the same positive relationship.
While there are many possible sources of false positive results in epidemiological studies,
there are even more possible reasons for false negative results, depending on sample size,
exposure assessment and a variety of other confounders. It is inappropriate to discount
the positive studies just because not every investigation shows a positive result. While
further research is needed, with better exposure assessment and control of confounders;
the evidence for a relationship between EMF exposure and adult cancers and
neurodegenerative diseases is sufficiently strong at present to merit preventive actions to
reduce EMF exposure.
C. “The risk is low.”
This argument is incorrect because at present it is not possible to determine the
magnitude of the risk. Clearly as far as EMFs are concerned there is no unexposed
population. Therefore one can only compare groups with different levels of exposure.
We can perhaps say with confidence that the elevated risk of leukemia from residential
exposure of children to magnetic fields is “low” (meaning ORs in the range of 2-4), but
this does not consider the child’s exposure to appliances, exposure in automobiles and at
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daycare or school, exposures in playgrounds and at all of the other places that a child
spends time. Even if the risk to one individual is low, the societal impact when everyone
is exposed may be very significant.
In addition the exposure assessment is grossly inadequate, even in the best of studies.
Most reports deal only with either characterization of the fields within residences or with
job titles in occupational settings. Some studies attempt to quantitate other sources of
exposure, such as frequency of cell phone usage or use of other appliances, but these
studies almost always do not consider residential exposure from power lines. In no
investigation has it been possible to follow the exposures of a large number of people
over a number of years with accurate monitoring of total exposure to EMFs. This would
of course be almost impossible to do for the very good reason that as a person moves
through his or her environment the exposures vary from place to place and from moment
to moment. However to truly and objectively determine the risk of exposure to EMFs it
is essential to consider residential, occupational (or school) and recreational exposures to
the full range of the electromagnetic spectrum, including appliances and wireless devices.
This has not been accomplished in any study, and without such information it is not
possible to determine the overall magnitude of the risk. It is possible, indeed likely, that
upon consideration of both childhood and adult diseases that the risk is not low.
D. “There is no animal evidence”.
It is correct that there is no adequate animal model system that reproducibly demonstrates
the development of cancer in response to exposure to EMFs at the various frequencies of
concern. McCann et al. (1997) reviewed the animal studies, and while they found most
to be negative there were several that showed suggestive positive results. They also
clearly identified issues that need to be improved in further animal carcinogenesis
investigations. However Kheifets et al. (2005a) in a policy review noted that “even
consistent negative toxicological data cannot completely overcome consistent
epidemiological studies. First, a good animal model for childhood leukemia has been
lacking. Second, particularly for ELF, the complex exposures that humans encounter on
a daily basis and a lack of understanding of the biologically relevant exposure calls into
question the relevance of exposures applied in toxicology. Another limitation of
toxicologic studies is that animals cannot be exposed to fields that are orders of
magnitude more powerful than those encountered by humans, decreasing their power to
detect small risks.” Further, they conclude that “(A)lthough the body of evidence is
always considered as a whole, based on the weight of evidence approach and
incorporating different lines of scientific enquiry, epidemiologic evidence, as most
relevant, is given the greatest weight.”
One positive animal study is that by Rapacholi et al. (1997), who demonstrated that
lymphoma-prone transgenic mice developed significantly more lymphoma after exposure
to 900 MHz fields (lymphoma being the animal equivalent of human leukemia) than did
unexposed animals. More striking is the report from Denver, Colorado using the wirecode characterization originally developed by Wertheimer and Leeper (1979) showing
13

that pet dogs living in homes characterized as having high or very high wire codes, as
compared to those with low or very low wire codes or buried power lines, showed a OR
of 1.8 (95% CI = 0.9-3.4) for development of lymphoma after adjustment for potential
confounders, whereas dogs that lived in homes with very high wire codes had an OR of
6.8 (95% CI = 1.6-28.5) (Reif et al., 1995). This study is impressive because the
exposure of the dogs reflects the environment in which exposure has been associated with
elevated risk of human cancer in two independent investigations (Wertheimer and
Leeper, 1979: Savitz et al., 1988).
It is curious that in many legal situations the courts are reluctant to accept only evidence
that substance X causes cancer in animals without corresponding evidence in humans. In
the case of EMFs we have strong evidence that EMFs cause cancer in human, but much
less evidence from animal models. The US Supreme Court, in the case of Daubert vs.
Merrell Dow Pharmaceuticals, effectively ruled that animal studies were not relevant to
human health, and that the only admissible evidence must be from human
epidemiological studies! While this is certainly not a justifiable conclusion, the situation
with regards to EMF health effects is that we have strong evidence for human cancer
from epidemiological studies, but do not have good evidence for cancer in experimental
animals. But it is humans that we should be concerned about, not the laboratory rats.
E. “We do not know a mechanism.”
We do not know the mechanism of cancer in general, although we know a lot about
cancer. It came as a major surprise to most scientists when Lichtenstein et al., (2000)
reported that genetic factors play a minor role in causing most types of cancer, since it
was commonly assumed that genetics was the major cause. However Lichtenstein et al.
concluded from their study of identical twins that environmental factors were the
initiating event in the great majority of cancers. This does not, of course, mean that
genetic susceptibility to environmental contaminants is unimportant, but only that genetic
factors alone do not result in cancer. We know mechanisms of action for some
carcinogenic substances, but for most cancers we know neither the environmental trigger
nor the mechanism of action. So there is no reason to negate the evidence that EMFs
cause cancer just because we do not know a single mechanism to explain it’s mode of
action.
We do not know the mechanism or cause for development of Alzheimer’s Disease or
ALS. We do know that both are more common in individuals in certain occupations, and
that exposure to certain metals appears to be associated with increased risk (Kamel et al.,
2002; Shcherbatykh and Carpenter, 2007). In the case of Alzheimer’s Disease there are
abnormalities of amyloid  and tau protein (Goedert and Spillantini, 2006), but very
limited understanding of why or how they form. Neither the association with metals nor
the presence of abnormal proteins constitutes a mechanism for cause of disease. So
rather than discounting the relationship between EMF exposure and neurodegenerative
diseases we should be using this information as a tool to better understand the etiology of
these diseases.
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There is clear evidence from animal and cell culture studies that ELF and RFR have
biological effects. Furthermore, these effects occur at intensities commonly experienced
by humans. We know a number of ways in which EMFs alter cell physiology and
function, as detailed in various chapters in this report. EMFs affect gene transcription
(Chapter 5 and 6), cause the synthesis of stress proteins (Chapter 7) and cause breakage
of DNA, probably through generation of reactive oxygen species (Chapter 6 and 9 - Lai
and Singh, 2004). Any one of these actions might be responsible for the carcinogenic
and neurodegenerative actions of EMFs. However, as with many environmental agents,
it would be a mistake to assume that there is only one target or mechanism of action. It is
unlikely, for example, that the effects on the nervous system and behavior are secondary
to exactly the same cellular targets and actions that lead to cancer. It is likely that there
are multiple mechanisms of action leading to disease. But the lack of complete
understanding of basic mechanisms does not alter the importance of the relationships.
F. Vested Interests: How They Shape the Public Health Debate
There is no question but that global implementation of the safety standards proposed in
this report has the potential to not only be very expensive but also could be disruptive of
life and economy as we know it if implemented abruptly and without careful planning.
Action must be a balance of risk to cost to benefit. However, “deny and deploy”
strategies by industry should not be rewarded in future risk assessment calculations. For
example, if significant economic investments in the roll-out of risky technologies persist
beyond the time that there is reasonable suspicion of risk available to all who look, then
such costs should not be borne by ratepayers (in the case of new powerlines) or by
compensating industry for bad corporate choices. Such investments in the deployment of
new sources of exposure for ELF and RF should not count toward the balance sheet when
regulatory agencies perform risk assessments. Mistakes may be made, but industry
should make mid-course corrections to inform and protect the public, rather than deny
effects pending “proof”. Whether the costs of remedial action are worth the societal
benefits is a formula that should reward precautionary behavior. Prudent corporate
policies should be expected to address and avoid future risks and liabilities. Otherwise,
there is no market incentive to produce safe (and safer) products.
The deployment of new technologies is running ahead of any reasonable estimation of
possible health impacts and estimates of probabilities, let alone a solid assessment of risk.
However what has been missing with regard to EMF has been an acknowledgement of
the risk that is demonstrated by the scientific studies. As discussed in earlier sections, in
this case there is clear evidence of risk, although the magnitude of the risk is uncertain,
and the magnitude of doing nothing on the health effects cost to society is similarly
uncertain. This situation is very similar to our history of dealing with the hazards of
smoking decades ago, where the power of the industry to influence governments and
even conflicts of interest within the public health community delayed action for more
than a generation, with consequent loss of life and enormous extra health care costs to
society.
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Just because a problem is difficult to solve is not a reason to deny that a problem exists.
In fact solutions to difficult issues usually can’t be expected until the issues are known
and creative thinking is brought to bear to find a solution.
The most contentious issue regarding public and occupational exposures to ELF and RF
involves the resolute adherence to existing ICNIRP and IEEE standards by many
countries, in the face of growing scientific evidence of health risks at far lower levels.
Furthermore there is widespread belief that governments are ignoring this evidence.
There are two obvious factors that work against governments taking action to set
exposure guidelines based on current scientific evidence of risk. These are: 1)
contemporary societies are very dependent upon electricity usage and RF
communications, and anything that restricts current and future usage potentially has
serious economic consequences and 2) the electric power and communications industries
have enormous political clout and even provide support for a significant fraction of what
research is done on EMF. This results in legislation that protects the status quo and
scientific publications whose conclusions are not always based on only the observations
of the research. It hinders wise public health policy actions and implementation of
prevention strategies because of the huge financial investments already made in these
technologies.
In 1989, in an editorial for Science Magazine, Philip H. Abelson called for more research
into low-frequency electromagnetic fields. At that time, he confirmed that a US Office of
Technology Assessment (OTA) study had determined that “(o)verall, the evidence is too
weak to allow firm conclusions either way” but a policy of prudent avoidance strategy was
suggested, Abelson defined this as “to systematically look for strategies which can keep
people out of 60 Hz fields”. Both policy actions were developed in the midst of scientific
uncertainty, but rising concern for possible health impacts to the public. At that time, with
high level of unknowns, the appropriate level of policy action was prudent avoidance or
precautionary action. Nearly two decades later, the level of action warranted is higher –
based on many new scientific publications confirming risks may exist – and justifying
prevention or preventative action.
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III. EMF EXPOSURE AND PRUDENT PUBLIC HEALTH PLANNING
• The scientific evidence is sufficient to warrant regulatory action for ELF; and it is
substantial enough to warrant preventative actions for RF.
• The standard of evidence for judging the emerging scientific evidence necessary to take
action should be proportionate to the impacts on health and well-being
• The exposures are widespread.
• Widely accepted standards for judging the science are used in this assessment.
Public exposure to electromagnetic radiation (power-line frequencies, radiofrequency and
microwave) is growing exponentially worldwide. There is a rapid increase in electrification in
developing countries, even in rural areas. Most members of society now have and use cordless
phones, cellular phones, and pagers. In addition, most populations are also exposed to antennas
in communities designed to transmit wireless RF signals. Some developing countries have even
given up running land lines because of expense and the easy access to cell phones. Long-term
and cumulative exposure to such massively increased RF has no precedent in human history.
Furthermore, the most pronounced change is for children, who now routinely spend hours each
day on the cell phone. Everyone is exposed to a greater or lesser extent. No one can avoid
exposure, since even if they live on a mountain-top without electricity there will likely be
exposure to communication-frequency RF exposure. Vulnerable populations (pregnant women,
very young children, elderly persons, the poor) are exposed to the same degree as the general
population. Therefore it is imperative to consider ways in which to evaluate risk and reduce
exposure. Good public health policy requires preventative action proportionate to the potential
risk of harm and the public health consequence of taking no action.
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IV. RECOMMENDED ACTIONS
A. Defining new exposure standards for ELF
This chapter concludes that new ELF limits are warranted based on a public health analysis of the overall
existing scientific evidence. The public health view is that new ELF limits are needed now. They should
reflect environmental levels of ELF that have been demonstrated to increase risk for childhood leukemia,
and possibly other cancers and neurological diseases. ELF limits should be set below those exposure
levels that have been linked in childhood leukemia studies to increased risk of disease, plus an additional
safety factor. It is no longer acceptable to build new power lines and electrical facilities that place people
in ELF environments that have been determined to be risky. These levels are in the 2 to 4 milligauss*
(mG) range (0.2 – 0.4 µT), not in the 10s of mG or 100s of mG. The existing ICNIRP limit is 1000 mG
(100 µT) and 904 mG (90.4 µT) in the US for ELF is outdated and based on faulty assumptions. These
limits are can no longer be said to be protective of public health and they should be replaced. A safety
buffer or safety factor should also be applied to a new, biologically-based ELF limit, and the conventional
approach is to add a safety factor lower than the risk level.
While new ELF limits are being developed and implemented, a reasonable approach would be a 1 mG
(0.1 µT) planning limit for habitable space adjacent to all new or upgraded power lines and a 2 mG (0.2
µT) limit for all other new construction. It is also recommended for that a 1 mG (0.1 µT) limit be
established for existing habitable space for children and/or women who are pregnant (because of the
possible link between childhood leukemia and in utero exposure to ELF). This recommendation is
based on the assumption that a higher burden of protection is required for children who cannot
protect themselves, and who are at risk for childhood leukemia at rates that are traditionally high enough
to trigger regulatory action. This situation in particular warrants extending the 1 mG (0.1 µT) limit to
existing occupied space. "Establish" in this case probably means formal public advisories from relevant
health agencies. While it is not realistic to reconstruct all existing electrical distribution systems, in the
short term; steps to reduce exposure from these existing systems need to be initiated, especially in places
where children spend time, and should be encouraged. These limits should reflect the exposures that are
commonly associated with increased risk of child hood leukemia (in the 2 to 5 mG (0.2 to 0.5 µT) range
for all children, and over 1.4 mG (0.14 µT) for children age 6 and younger). Nearly all of the
occupational studies for adult cancers and neurological diseases report their highest exposure category is
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4 mG (0.4 µT) and above, so that new ELF limits should target the exposure ranges of interest, and not
necessarily higher ranges.
Avoiding chronic ELF exposure in schools, homes and the workplace above levels associated with
increased risk of disease will also avoid most of the possible bioactive parameters of ELF discussed in the
relevant literature.

It is not prudent public health policy to wait any longer to adopt new public safety limits for
ELF. These limits should reflect the exposures that are commonly associated with increased risk
of childhood leukemia (in the 2 to 5 mG (0.2-0.5 µT) range for all children, and over 1.4 mG
(0.14 µT) for children age 6 and younger). Avoiding chronic ELF exposure in schools, homes
and the workplace above levels associated with increased risk of disease will also avoid most of
the possible bioactive parameters of ELF discussed in the relevant literature.

B. Defining preventative actions for reduction in RF exposures
Given the scientific evidence at hand, the rapid deployment of new wireless technologies that
chronically expose people to pulsed RF at levels reported to cause bioeffects, whicih in turn,
could reasonably be presumed to lead to serious health impacts, is a public health concern. A
public health action level that implements preventative action now is warranted, based on the
collective evidence. There is suggestive to strongly suggestive evidence that RF exposures may
cause changes in cell membrane function, cell communication, metabolism, activation of protooncogenes and can trigger the production of stress proteins at exposure levels below current
regulatory limits. Resulting effects can include DNA breaks and chromosome aberrations, cell
death including death of brain neurons, increased free radical production, activation of the
endogenous opioid system, cell stress and premature aging, changes in brain function including
memory loss, retarded learning, performance impairment in children, headaches and fatigue,
sleep disorders, neurodegenerative conditions, reduction in melatonin secretion and cancers
(Chapters 5, 6, 7, 8, 9, 10, and 12).
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As early as 2000, some experts in bioelectromagnetics promoted a 0.1 µW/cm2 limit (which is
0.614 Volts per meter) for ambient outdoor exposure to pulsed RF, so generally in cities, the
public would have adequate protection against involuntary exposure to pulsed radiofrequency
(e.g., from cell towers, and other wireless technologies). The Salzburg Resolution of 2000 set a
target of 0.1 µW/cm2 (or 0.614 V/m) for public exposure to pulsed radiofrequency. Since then,
there are many credible anecdotal reports of unwellness and illness in the vicinity of wireless
transmitters (wireless voice and data communication antennas) at lower levels. Effects include
sleep disruption, impairment of memory and concentration, fatigue, headache, skin disorders,
visual symptoms (floaters), nausea, loss of appetite, tinnitus, and cardiac problems (racing
heartbeat), There are some credible articles from researchers reporting that cell tower -level RF
exposures (estimated to be between 0.01 and 0.5 µW/cm2) produce ill-effects in populations
living up to several hundred meters from wireless antenna sites,
This information now argues for thresholds or guidelines that are substantially below current
FCC and ICNIPR standards for whole body exposure.

Uncertainty about how low such

standards might have to go to be prudent from a public health standpoint should not prevent
reasonable efforts to respond to the information at hand.

No lower limit for bioeffects and

adverse health effects from RF has been established, so the possible health risks of wireless
WLAN and WI-FI systems, for example, will require further research and no assertion of safety
at any level of wireless exposure (chronic exposure) can be made at this time. The lower limit
for reported human health effects has dropped 100-fold below the safety standard (for mobile
phones and PDAs); 1000- to 10,000-fold for other wireless (cell towers at distance; WI-FI and
WLAN devices). The entire basis for safety standards is called into question, and it is not
unreasonable to question the safety of RF at any level.
A cautionary target level for pulsed RF exposures for ambient wireless that could be applied to RF
sources from cell tower antennas, WI-FI, WI-MAX and other similar sources is proposed. The
recommended cautionary target level is 0.1 microwatts per centimeter squared (µW/cm2)** (or 0.614
Volts per meter or V/m)** for pulsed RF where these exposures affect the general public; this advisory is
proportionate to the evidence and in accord with prudent public health policy. A precautionary limit of 0.1
µW/cm2 should be adopted for outdoor, cumulative RF exposure. This reflects the current RF science
and prudent public health response that would reasonably be set for pulsed RF (ambient) exposures where
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people live, work and go to school. This level of RF is experienced as whole-body exposure, and can be a
chronic exposure where there is wireless coverage present for voice and data transmission for cell phones,
pagers and PDAs and other sources of radiofrequency radiation. An outdoor precautionary limit of 0.1
µW/cm2 would mean an even lower exposure level inside buildings, perhaps as low as 0.01 µW/cm2.
Some studies and many anecdotal reports on ill health have been reported at lower levels than this;
however, for the present time, it could prevent some of the most disproportionate burdens placed on the
public nearest to such installations. Although this RF target level does not preclude further rollout of WIFI technologies, we also recommend that wired alternatives to WI-FI be implemented, particularly in
schools and libraries so that children are not subjected to elevated RF levels until more is understood
about possible health impacts. This recommendation should be seen as an interim precautionary limit
that is intended to guide preventative actions; and more conservative limits may be needed in the future.
Broadcast facilities that chronically expose nearby residents to elevated RF levels from AM, FM and
television antenna transmission are also of public health concern given the potential for very high RF
exposures near these facilities (antenna farms). RF levels can be in the 10s to several 100’s of µW/cm2
in residential areas within half a mile of some broadcast sites (for example, Lookout Mountain, Colorado
and Awbrey Butte, Bend, Oregon). Like wireless communication facilities, RF emissions from broadcast
facilities that are located in, or expose residential populations and schools to elevated levels of RF will
very likely need to be re-evaluated for safety.

For emissions from wireless devices (cell phones, personal digital assistant or PDA devices, etc) there is
enough evidence for increased risk of brain tumors and acoustic neuromas now to warrant intervention
with respect to their use. Redesign of cell phones and PDAs could prevent direct head and eye exposure,
for example, by designing new units so that they work only with a wired headset or on speakerphone
mode.
These effects can reasonably be presumed to result in adverse health effects and disease with chronic and
uncontrolled exposures, and children may be particularly vulnerable. The young are also largely unable
to remove themselves from such environments. Second-hand radiation, like second-hand smoke is an
issue of public health concern based on the evidence at hand.
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V.

CONCLUSIONS

• We cannot afford ‘business as usual” any longer.

It is time that planning for new power

lines and for new homes, schools and other habitable spaces around them is done with routine
provision for low-ELF environments . The business-as-usual deployment of new wireless
technologies is likely to be risky and harder to change if society does not make some educated
decisions about limits soon. Research must continue to define what levels of RF related to new
wireless technologies are acceptable; but more research should not prevent or delay substantive
changes today that might save money, lives and societal disruption tomorrow.

• New regulatory limits for ELF based on biologically relevant levels of ELF are warranted .
ELF limits should be set below those exposure levels that have been linked in childhood
leukemia studies to increased risk of disease, plus an additional safety factor. It is no longer
acceptable to build new power lines and electrical facilities that place people in ELF
environments that have been determined to be risky (at levels generally at 2 mG (0.2 µT) and
above).
• While new ELF limits are being developed and implemented, a reasonable approach would be
a 1 mG (0.1 µT) planning limit for habitable space adjacent to all new or upgraded power lines
and a 2 mG (0.2 µT) limit for all other new construction, It is also recommended for that a 1
mG (0.1 µT) limit be established for existing habitable space for children and/or women who are
pregnant . This recommendation is based on the assumption that a higher burden of
protection is required for children who cannot protect themselves, and who are at risk for
childhood leukemia at rates that are traditionally high enough to trigger regulatory action. This
situation in particular warrants extending the 1 mG (0.1 µT) limit to existing occupied
space. "Establish" in this case probably means formal public advisories from relevant health
agencies.

• While it is not realistic to reconstruct all existing electrical distributions systems, in the short
term; steps to reduce exposure from these existing systems need to be initiated, especially in
places where children spend time, and should be encouraged.
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• A precautionary limit of 0.1 (µW/cm2 (which is also 0.614 Volts per meter) should be adopted
for outdoor, cumulative RF exposure. This reflects the current RF science and prudent public
health response that would reasonably be set for pulsed RF (ambient) exposures where people
live, work and go to school. This level of RF is experienced as whole-body exposure, and can be
a chronic exposure where there is wireless coverage present for voice and data transmission for
cell phones, pagers and PDAs and other sources of radiofrequency radiation. Some studies and
many anecdotal reports on ill health have been reported at lower levels than this; however, for
the present time, it could prevent some of the most disproportionate burdens placed on the public
nearest to such installations. Although this RF target level does not preclude further rollout of
WI-FI technologies, we also recommend that wired alternatives to WI-FI be implemented,
particularly in schools and libraries so that children are not subjected to elevated RF levels until
more is understood about possible health impacts. This recommendation should be seen as an
interim precautionary limit that is intended to guide preventative actions; and more conservative
limits may be needed in the future.

23

VI. References
Abelson, PH. 1989. Effects of electric and magnetic fields. Science 245: 241.
Ahlbom A Day N Feychting M Roman E Skinner J Docterty J Linet M McBride M Michaelis J Olsen JH
Tynes T and Verkasalo PK 2000. A pooled analysis of magnetic fields and childhood leukaemia. Br J
Cancer 83: 692-698.
California Air Resources Board 2005. Appendix III, Part B-Health Effects. Proposed identification of
environmental tobacco smoke as a toxic air contaminant.
Carpenter DO and Ahlbom A 1988. Power lines and cancer: Public health and policy implications.
Forum Appl Res Pub Policy, Winter, 96-101.
Charles LE Loomis D Shy CM Newman B Millikan R Nylander-French LA Couper D 2003.
Electromagnetic fields, polychlorinated biphenyls and prostate cancer mortality in electric utility workers.
Am J Epidemiol 157: 683-691.
Erren TC 2001. A meta-analysis of epidemiologic studies of electric and magnetic fields and breast
cancer in women and men. Bioelectromagnetics Supplement 5: S105-S119.
Feychting M, Jonsson F, Pedersen NL and Ahlbom A 2003. Occupational magnetic field exposure and
neurodegenerative disease. Epidemiology 14: 413-419.
Foliart DE Pollock BH Mezei G Iriye R Silva JM Epi KL Kheifets L Lind MP Kavet R 2006. Magnetic
field exposure and long-term survival among children with leukemia. British Journal of Cancer 94 161164.
Goedert M and Spillantini MG 2006. A century of Alzheimer’s Disease. Science 314: 777-784.
Green L 1999. Childhood leukemia and EMF. Cancer Causes Control 10: 233-243.
Greenland S 1987. Quantitative methods in the review of epidemiological literature. Epidemiologic
Reviews 9:1-30.
Greenland S Sheppard AR Kaune WT Poole C, Kelsh MA and the Chilhood leukemia-EMF study group
2000. A pooled analysis of magnetic fields, wire codes, and childhood leukemia. Epidemiology 11: 624634.
Ha M Im H Le M Kim HJ Kim BC Gimm YM and Pack JK 2007. Radio-frequency radiation exposure
from AM radio transmitters and childhood leukemia and brain cancer. Am J Epidemiol 166: 270-279.
Hakansson N, Gustavsson P, Johansen C and Floderus B 2003. Neurodegenerative diseases in welders
and other workers exposed to high levels of magnetic fields. Epidemiology 14: 420-426.
Hardell L Carlberg M Söderqvist F Hansson Mild K Morgan 2007. Long-term use of cellular phones
and brain tumours: increased risk associated with use for > 10 years. Occup Environ Med;
doi:10.1136/oem.2006.029751.

24

Hill, AB. 1971. Principles of Medical Statistics Chapter XXIV. Statistical Evidence and Inference,
Oxford University Press, Oxford University, Oxford, UK, p. 309-323.
IARC (International Agency for Research on Cancer) 2002. Monographs on the evaluation of
carcinogenic risks to humans: Volume 80. Non-ionizing radiation, Part 1: Static and extremely low
frequency (ELF) electric and magnetic fields. Lyon, France: IARC Press.
Jarosinska D Gee D. 2007. Children’s environmental health and the precautionary principle. Int J Hyg.
Environ Health. doi:10.1016/j.ijheh.2007.07.017.
Juutilanen J Kumlin T Naarala J. 2006 Do extremely low frequency magnetic fields enhance the effects
of environmental carcinogens? A meta-analysis of experimental studies. Ing J Radiat Biol 82: 1-12.
Kamel F Umbach DM Munsat TL Shefner JM Hu H Sandler DP 2002. Lead exposure and amyotrophic
lateral sclerosis. Epidemiology 13: 311-319.
Kan P Simonsen SE Lyon JL Kestle JRW 2007. Cellular phone use and brain tumor: a meta-analysis. J.
Neurooncol DOI 10.1007/s11060-007-9432-1.
Kheifets Afifi AA Buffler PA Zhang ZW 1995. Occupational electric and magnetic field exposure and
brain cancer: a meta-analysis. JOEM 37:12. 1327-1341.
Kheifets L 2001. Electric and magnetic field exposure and brain cancer: a review. Bioelectromagneetics
Supplemnt 5:S120-S131,
Kheifets L Shimkhada R 2005a. Childhood Leukemia and EMF: Review of the Epidemiologic
Evidence. Bioelectromagnetics Supplement 7: S51-S59.
Kheifets L Sahl JD Shimkhada R Repacholi MH 2005b. Developing policy in the face of scientific
uncertainty: Imterpreting 0.3 or 0.4 µT cutpoints from EMF epidemiology studies. J Risk Anal 25: 927935.
Kheifets Afifi AA and Shimkhada R 2006. Public health impact of extremely low-frequency
electromagnetic fields. Environ Health Perspect 114: 1532-1537.
Lai H and Singh NP 2004. Magnetic-field-induced DNA strand breaks in brain cells of the rat. Environ
Health Perspect 112: 687-694.
Lahkola A Tokola K, Auvinen A 2006. Meta-analysis of mobile phone use and intracranial tumors. Scand
J Work Environ Health 32(3):171-177.
Land Salzburg - Landessanitätsdirektion – Umweltmedizin - Federal State of Salzburg - Public Health
Department - Environmental Health Unit, International Conference on Cell Tower Siting, Salzburg
Resolution, Salzburg, Austria, June 2000.
Lichtenstein P Holm NV Verkasalo PK Iliadou A Kaprio J Koskenvuo M Pukkala E Skytthe A and
Hemminki K 2000. Environmental and heritable factors in the causation of cancer: Analyses of cohorts
of twins from Sweden, Denmark and Finland. N Engl J Med 343: 78-85.

25

Lowenthal RM Tuck DM and Bray IC 2007. Residential exposure to electric power transmission lines
and risk of lymphoproliferative and myeloproliferative disorders: a case-control study. Int Med J
doi:10.1111/j.1445-5994.2007.01389.x
McCann J Kavet R and Rafferty CN 1999. Testing electromagnetic fields for potential carcinogenic
activity: A critical review of animal models. Environ Health Perspect 105 (Suppl 1): 81-103.
Milham S Ossiander EM 2001. Historical evidence that residential electrification caused the emergence of
the childhood leukemia peak. Medical Hypoth 56: 290–29
Qio C Fratiglioni , Karp A Winblad B Bellander T 2004. Occupational exposure to electromagnetic fields
and risk of Alzheimer’s Disease. Epidemiology 15: 687-694.
Reif JS Lower KS Oglivie GK 1995. Residential exposure to magnetic fields and risk of canine
lymphona. Am J Epidemiol 141: 352-359.
Repacholi MH, Basten A, Gebski V, Noonan D, Finnie J and Harris AW (1997) Lymphomas in Eµ-Pim1
transgenic mice exposed to pulsed 900 MHz electromagnetic fields. Rad Res 147: 631-640.
Rothman KJ Greenland S. 1998. Modern Epidemiology, 2nd ed. Philadelphia: Lippincott-Raven.
Savitz DA Checkoway H Loomis DP 1998. Magnetic field exposure and neurodegenerative disease
mortality among electric utility workers. Epidemiology 9: 398-404.
Savitz DA Wachtel H Barnes FA 1988. Case-control study of childhood cancer and exposure to 60-Hz
magnetic fields. Am J Epidemiol 128: 21-38.
European Commission, Health and Consumer Protection, 2007. Scientific Committee on SCENIHR
Report on Emerging and Newly Identified Health Risks – Possible Effects of Electromagnetic Fields
(EMF) on Human Health.
Shcherbatykh I Carpenter DO 2007. The role of metals in the etiology of Alzheimer’s Disease. J
Alzheimer’s Dis 11: 191-205.
Svendsen AL Weihkopf T Kaatsch P Schuz J 2007. Exposure to magnetic fields and survival after
diagnosis of childhood leukemia: a German cohort study. Cancer Epidemiol Biomarkers Prev 16(6)
1167-1171.
Tynes T Klaeboe L Haldorsen T 2003. Residential and occupational exposure to 50 Hz magnetic fields
and malignant melanoma: a population based study. Occup Enviro Med 60: 343-347.
US Department of Health and Human Services (US DHHS, 2004). The health consequences of smoking:
cancer. A report of the Surgeon General. US DHHS Public Health Service, Office on Smoking and
Health, U Government Printing Office, Washington DC, 17-24.
US Department of Health and Human Services (US DHHS) 2006. The Health Consequences of
Involuntary Exposure to Tobacco Smoke: A Report of the Surgeon General
http://www.surgeongeneral.gov/library/secondhandsmoke

26

Villeneuve PJ Agnew DA Miller AB Corey PN 2000. Non-Hodgkin’s lymphoma among electric utility
workers in Ontario: the evaluation of alternate indices of exposure to 60 Hz electric and magnetic fields.
Occup Environ Med 57: 249-257.
Wartenberg D 1998. Residential magnetic fields and childhood leukemia: A meta-analysis. Am J Public
Health 88: 1787-1794.
Wertheimer N Leeper E 1979. Electrical wiring configurations and childhood cancer. Am J. Epidemiol
109: 273-284.
WHO - World Health Organization 2007. Extremely low frequency fields. Environmental Health
Criteria, Vol. 238. Geneva, World Health Organization.

27

