Expert Testimony of Magda Havas1, B.Sc., Ph.D.
Alberta Energy and Utilities Board Application No. 1478550 by Altalink Management Ltd. (“Altalink”);
Proposed Routing for 500 kV Transmission System Reinforcement Project in the Edmonton–Calgary area.

I was asked to provide a summary of the scientific literature pertaining to the biological and
health effects associated with low frequency electromagnetic fields (EMF), ground current (GC),
contact current (CC), and radio frequency (RF) exposure associated with, but not limited to,
transmission lines, and to identify sectors of the population that are particularly vulnerable to
this form of energy. I also briefly mention the Precautionary Principle, which may be applicable
in this instance to deal with issues associated with scientific uncertainty and public health.
Part 1. Extremely Low Frequency Electromagnetic Fields (EMF)
Part 2. Ground Current (GC) and Contact Current (CC)
Part 3. Radio Frequency Radiation (RFR)
Part 4. Electrical Hypersensitivity (EHS)
Part 5. Precautionary Principle (PP)
Several documents are appended to my testimony as follows:
Appendix A:

Curriculum Vitae for Magda Havas.

Appendix B:

Havas, M. 2000. Biological effects of non-ionizing electromagnetic energy: A
critical review of the reports by the US National Research Council and the US
National Institute of Environmental Health Sciences as they relate to the broad
realm of EMF bioeffects. Env. Review 8: 173–253. Relevant to Part 1.

Appendix C:

Ground Current Pollution Act, Bill 143, which is currently being considered
for its third reading by the Ontario Legislative Assembly. Relevant to Part 2.

Appendix D:

Resolutions and Position Papers by Physicians and Scientists from around the
world on the biological and health effects of non-ionizing electromagnetic
energy. Relevant to Parts 3 and 4.

Appendix E:

Precautionary Principle Judgment British Columbia Court of Appeal.
Relevant to Part 5.
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Part 1. Health Effects associated with Extremely Low Frequency Electromagnetic Fields
(EMF)
In 2000, I reviewed the literature pertaining to the health effects of low frequency electromagnetic
fields (Havas 2000, Appendix B). For this part of the summary I will highlight the key findings
documented in that review article and provide updates on more recent studies as they pertain to
low frequency EMF exposure.
The key health concerns regarding exposure to low frequency electromagnetic fields includes:
1. Residential exposure to magnetic fields and childhood leukemia;
2. Occupational exposure to electric and magnetic fields and various types of cancers including
those affecting the brain, blood, and breast;
3. Magnetic field exposure and miscarriages;
4. Associations between electric and magnetic field exposure and neurological disorders.
1.1.

Residential Exposure to Magnetic Fields and Childhood Leukemia

Since 1979, there have been dozens of studies documenting the incidence and mortality associated
with childhood cancers and exposure to EMF. These studies have relied on various exposure
metrics including wire codes; distance, spot measurements of magnetic fields, 24-hour monitoring
in various locations within the home, 24-hour personal monitoring of children, and both estimates
and historical calculations. A large number of these studies have shown an increase in the risk of
children developing leukemia if they are exposed to magnetic fields at or above 2 to 4 mG or if
they live close to power lines and/or transformers. Some studies have also found an increased
incidence of childhood nervous system tumors and a few of childhood lymphomas, although the
only cancer that seems to be found repeated in the scientific studies is an increased risk for
childhood leukemia.
The first study that documented an association between childhood cancers and EMF exposure
(Wertheimer and Leeper 1979) is now viewed as a classic by scientists in this field of study.
Wertheimer and Leeper found an increased relative risk for childhood leukemia (OR2 3.0, 95%
CI3 1.8-5.0), nervous system tumors (OR 2.4 95% CI 1.2-5.0), and lymphoma (OR 2.1, 95%CI
0.84-5.2) for children (under the age of 19) living near power lines with a very high current
configuration (VHCC) in Denver Colorado. This classification includes distances up to 50 feet
from a high voltage transmission line, 50 feet from a primary distribution line with multiple
conductors or thick conductors; and 25 feet from a primary distribution line with thin
conductors.
Savitz and colleagues (1988) repeated the Wertheimer and Leeper study in Denver Colorado and
reported an increased incidence of childhood leukemia but not of either lymphomas or brain
tumors.

2
3

OR = odds ratio
CI = confidence interval
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One of the major concerns about individual studies includes potential confounders and the
relatively small sample size of several hundred cases and approximately the same number of
controls. For this reason metal-analyses are used to provide greater statistical power.
In Havas 2000 (Table 16, pg 220-221), 6 meta-analyses were reviewed. Note that these were the
studies selected by the National Institute for Environmental Health Sciences in their 1998 review
document (Portier and Wolfe 1998, hereby referred to as NIEHS 1998). All showed a
statistically significant increased risk of leukemia that ranged from 38% to a 4-fold increase
associated with exposure to magnetic fields and two showed an increased risk (89% and 2-fold
increase) for central nervous system (CNS) tumors, which would include brain cancers. As of
2000 there have been three additional meta-analyses and all of these add credence to the early
studies (Table 1). They report a 34% to a 100% increased risk at and above 2, 3 and 4 mG.
Epidemiological testing of an agent (drug, environmental contaminant, etc.) has three possible
outcomes. The agent may have no effect, it may be harmful, or it may be beneficial. Table 1
shows that of the 24 metrics identified in the meta-analyses, 14 showed a harmful association
with magnetic field exposure, 10 showed no statistically significant association, and none showed
a reduced risk. Of the 10 with no significant association most of the odds ratios were above 1. If
the adverse associations (i.e. increased risk) were due to chance then we might expect at least
some studies showing reduced risk due to chance as well. This is not the case.
Of all the meta-studies presented in Table 1 only two metrics gave an odds ratio below 1.
Neither was statistically significant and both were for spot measurements above 2 mG taken at
one point in time. Since magnetic flux density changes with current flow and since our use of
electricity changes diurnally, a spot measurement does not take into account the natural
variability in magnetic field found in many Canadian homes and may be a poor indicator of
exposure.
Wartenberg (2001) in his meta-analysis concluded that:
“ . . . many people believe there are no data to support an association between residential
magnetic field exposure and childhood leukemia. To the contrary, the data strongly and
relatively consistently support such an association, although the estimated magnitude of
the risk is moderate.”
He goes on to write that:
“If one chooses to use these summary estimates4 for interpretation given the widespread
exposure to magnetic fields they suggest perhaps as much as a 15-25% increase in the
childhood leukemia rate, which is a large and important public health impact.”
Epidemiological studies generally test an association between an agent (in this case magnetic
fields) and a particular illness (childhood leukemia). These studies are not designed to test for
causality. However, causality is indicated when there is a dose-response relationship between
the agent and the illness. For childhood leukemia a number of studies, when viewed together,
4

Summary estimates for wire code, relative risk (RR) of 1.4 for greater than or equal to OHCC (ordinary high
current configuration), 28% exposure assessment; RR of 1.1 per 1 mG magnetic flux density.
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indicate a dose-response relationship, which suggests causality rather than just an association
(see Table 2 and Figure 1).
TABLE 1. Meta-analyses of childhood leukemia studies prior to 2000 are from Table 16, Havas 2000 as cited in
NIEHS (1998). Three new studies since 2000 are also included. Arrows suggest a “dose-response” relationship.
Meta-analyses

Odds ratios (95% CI)

Descriptiona

NRPB 1992b

Wire codes (HCC vs. LCC)
Distance from EMF source
Measured EMF

1.39 (1.08–1.78)
1.31 (0.72–2.21)
1.16 (0.65–2.08)

Ahlbom et al. 1993

Calculated EMF

2.10 (1.10–1.41)

Washburn et al. 1994c

Distance: 50 m boundary

1.49 (1.11–2.00)

NAS Report 1994cd

Wire codes (HCC vs. LCC): fixed
Wire codes (HCC vs. LCC): random

1.48 (1.18–1.85)
1.52 (1.08–2.14)

Wire codes and distance <100 m: fixed
Wire codes and distance <100 m: random

1.36 (1.13–1.63)
1.38 (1.08–1.76)

Spot measurements (>2 mG): fixed
Spot measurements (>2 mG): random

0.92 (0.57–1.49)
0.89 (0.51–1.57)

Feychting et al. 1995e

Estimated >5 mG
Estimated >2 mG
Estimated 1 to 1.9 mG

5.10 (2.10–12.6)
2.00 (1.00–4.10)
2.00 (0.70–5.30)

Meinert and Michaelis 1996cf

Wire code (HCC vs. LCC)

1.66 (1.11–2.49)

Distance: <25 m
Distance: <50 m
Distance: <100 m

1.85 (0.98–3.49)
1.31 (0.92–1.87)
1.13 (0.79–1.62)

EMF measured: >3 mG
EMF measured: >2 mG
EMF measured: >1 mG

1.27 (0.28–5.76)
1.89 (1.10–3.26)
1.55 (0.88–2.73)

9 studies, > 4 mG
12 studies, > 3 mG
14 studies, > 2 mG

2.00 (1.27-3.13)
1.83 (1.34-2.49)
1.34 (1.07-1.67)

Ahlbom et al. 2000
Greenland et al. 2000
Wartenberg et al. 2001

Total
a

HCC = high current configuration; LCC = low current configuration.
b
Wertheirmer and Leeper (1979) study not included.
c
Wertheirmer and Leeper (1979) study included.
d
Estimates based on fixed and random effects statistical models.

>1*

Odds Ratio
>1
<1

< 1*

24 metrics
14
8
2
0
Reference <1 mG, adjusted for age, gender & country
f
Dichotomous cut-points.
* = statistically significant (P< 0.05)
e

The most recent study (Draper et al. 2005) compared children who lived more than 600 meters
from a power line at birth to those who lived within 200 meters. They found a 69% increased
risk that was statistically significant for leukemia but not for any other childhood cancers.
Children who lived within 200 and 600 meters had a significant increase risk of 23% for leukemia.

Havas re: ALTALINK

February 2007

page 4/40

TABLE 2. Childhood leukemia and exposure to magnetic fields in the home. The odds ratio (OR) and the 95%
confidence intervals (CI) associated with specific magnetic flux densities (MFD) expressed in milli Gauss (mG) are
provided as well as the location where the studies were done.
MFD (mG)

OR

95% CI

Location

0.9
1–2
2–4
>2.0
>2.2
>2.5
>3.0
>4.0
>4.0
4-5

1.5
1.3
2.4
2.7
2.8
3.0
3.8
4.3
5.0
6.4

>2

1.34

Epidemiological Studies
0.9-2.6
Colorado, USA
0.9–1.9
Germany
1.1–5.4
Germany
1.0–6.3
Sweden
0.9–8.3
Colorado, USA
1.8–5.0
Colorado, USA
1.4–9.3
Sweden
1.3–14.7
Germany
Denmark
1.3-32
USA
Meta-Studies
1.07-1.67
14 studies

>3

1.83

1.34-2.49

Source
Savitz et al. 1988
Schuz et al. 2001*
Schuz et al. 2001*
Feychting and Ahlbom 1993
Savitz et al. 1988
Wertheimer and Leeper 1979
Feychting and Ahlbom 1993
Schuz et al. 2001*
Olsen 1992
Linet et al. 1997**
Wartenberg et al. 2001

12 studies

Greenland et al. 2000

>4
2.0
1.27-3.13
9 studies
* All German studies, nighttime exposure (10 pm to 6 am)
** 24-h measurements

Ahlbom et al. 2000

8

Childhood Leukemia and Residential Exposure

Odds Ratio

6

4

2
Studies
Meta-studies
0
0

1

2

3
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4
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5
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6

FIGURE 1. Epidemiological studies of childhood leukemia and residential magnetic field exposure indicate a doseresponse relationship. Studies include: Wertheimer and Leeper 1979; Savitz et al. 1988; Olsen 1992; Feychting and
Ahlbom 1993; Linet et al. 1997; Schulz et al. 2001; and for meta-studies Ahlbom et al. 2000; Greenland et al.
2000; Wartenberg et al. 2001.
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Draper et al. (2005) also found a significant trend with distance. If real, this risk is unlike to be
due to magnetic fields coming directly from the power lines but may be due to magnetic fields
associated with ground current (Refer to Part 2).
Younger children are more sensitive to magnetic fields than older children. In Sweden, at 2 mG
and higher, the odds ratio was 3.1 for children up to 15 years old and the OR was 5.7 for those
between 5 and 9 (Feychting and Ahlbom 1993).
In Canada (Toronto, York, Peel, Durham in Ontario), Green et al. (1999) calculated an OR of 4.5
for children between 0 and 14 and reported that the risk was greater for children under 6 years
compared with those older than 6.
In Germany for nighttime exposures at and above 2 mG, Schuz et al. (2001) reported an OR of
3.2 for all ages and 4.5 for those less than 4 years old. Both were statistically significant.
A different type of study reported a relationship between electrification and the rise in childhood
leukemia in the United States in the early part of the 1900s. Milham and Osslander (2001) noted
that a peak in childhood leukemia, ages two through four, emerged de novo in the 1920s in the
United Kingdom and slightly later in the United States. This peak was for a single leukemia
subtype, acute lymphoblastic leukemia (ALL), and was associated with electrification in various
states and in urban/rural communities. During 1928-1932, the leukemia rate increased with age
(for ages 0 to 4) for states with above 75% residences served by electricity, while states with
electrification levels below 75% showed a decreasing trend with age that was statistically
significant (P=0.009). At ages 2–4, there was a 24% (95% confidence interval (CI), 8%–41%)
increase in leukemia mortality for a 10% increase in percent of homes served by electricity. The
authors conclude that the childhood leukemia peak of acute lymphoblastic leukemia may be
attributable to electrification.
Independent scientific panels including the World Health Organization (WHO), the National
Radiological Protection Board (NRPB); the International Agency for Research on Cancer (IARC),
the International Commission for Non-Ionizing Radiation Protection (ICNERP); the US National
Institute of Environmental Health Sciences (NIEHS), the California Health and Human Services
Agency recognize that the association between magnetic field exposure and childhood leukemia is
real and is not an artifact or due to some confounder. For this reason extremely low frequency
EMF have been classified as “possibly carcinogenic” (Group 2B).
NIEHS (1998) states that this classification “is a conservative, public-health decision based on
limited evidence of an increased risk for childhood leukemias with residential exposure and an
increased occurrence of CLL (chronic lymphocytic leukemia) associated with occupational
exposure. For these particular cancers, the results of in vivo, in vitro, and mechanistic studies do
not confirm or refute the findings of the epidemiological studies.”
C
! hildren with leukemia who are recovering in an environmental with high magnetic fields (defined
as 3 mG and higher) a! r! e! ! 3! .5 times more likely to die than children with leukemia exposed to 1 mG
or less (Foliart et al. 2006). These results are statistically significant and while they are the first
of their kind (reduced recovery as opposed to increased risk) they lend further support to the
notion that children should not be exposed to magnetic fields at or above 2 mG.
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The studies on residential exposure to magnetic fields and childhood leukemia collectively suggest
a dose-response relationship, that younger children are more sensitive, that nighttime exposure is
critical, and that the risk depends on the type of leukemia being studied. While an increased risk
of 2 for childhood leukemia is commonly sited for exposures above 4 mG, this risk may be much
higher based on individual studies (Figure 1).
Based on the EMF-childhood cancer studies alone, I would conclude that power lines should not
be built in residential areas, near schools or near play areas unless peak exposures for the entire
lifetime of the line can be guaranteed to be under 2 mG (and preferably under 1 mG) at the edge
of the right-of-way. In the event that there is no buffer zone between the lines and residential or
commercial structures, the magnetic field should not exceed 2 mG where there is likely to be
human exposure for any prolonged period of time (hours per day). Similar stipulations would
apply to underground lines.
1.2.

Occupational exposure to electric and magnetic fields and various types of cancers

While occupational exposure does not directly relate to this hearing it does provide supporting
evidence that adult exposure to high electromagnetic fields for hours each day can result in
various forms of cancer.
Adult Leukemia: Occupational exposure to EMFs is reviewed in Havas 2000. For adult
leukemia 10 studies were reviewed and six of those studies showed statistically significant risk of
workers developing leukemia, four showed no significant association and none showed a reduced
risk. Once again, if these results were due to chance we would anticipate some studies
documenting a reduced risk of leukemia by chance alone. The increased risks ranged from 30% to
11-fold increase (Table 18, Havas 2000). The study by Miller et al. (1996) showed that both
magnetic field and electric field were important. High voltage transmission lines produce a much
higher electric field than distribution lines and as such should be kept far from homes and schools.
More recent studies also show a statistically significant increase risk for leukemia for workers
exposed to electromagnetic fields. In New Zealand, those who had ever worked in an electrical
occupation had an OR of 1.9 (95%CI 1.0-3.8); welders and flame cutters had an OR of 2.8
(95%CI 1.1-6.8); and telephone line workers had an OR of 5.8 (95%CI 1.2-28) Bethwaite et al.
(2001). Historical and current exposures above 10 mG seems to be the level at which statistically
significant risks of 3.2 and 4.0 (respectively) were documented. I introduce these studies because
they begin to identify the exposure at which these cancers increase.
Nervous System Tumors: Four of the eight studies of brain cancer reviewed by Havas (2000)
showed a statistically significant increased incidence that ranged from 44% to an 12-fold increase
although most were around a 100% increase or a doubling of the risk (Table 19). None showed
any reduced risk. In a recent study by Savitz et al. (2000) for electric utility workers, those
exposed to an average magnetic field between 10.5 and 12.1 mG during the previous 2 to 10 years
had an OR of 2.38 (95%CI 1.14-5.0).
Prostate Cancer: Incidence of prostate cancer has increased since 1970 and in 1990 it became
the most frequently diagnosed cancer among Canadian men, surpassing lung cancer (Levy 1995).
Despite this it has received relatively little attention in the EMF literature. It was not reviewed
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by the California Department of Health Services (Neutra et al. 2002) or by previous government
agencies to any significant extent. Therefore, one may assume that either there are few studies or
it is not a concern.
One study by Charles et al. (2003) examined the relationship between electromagnetic fields,
polychlorinated biphenyls (PCB) and prostate cancer mortality among electric utility workers in
five large American utility industries. They found a statistically significant odds ratio of 1.60
(95%CI 1.07-2.4) for workers with the greatest cumulative EMF exposure (>4.4 uT-years) but
no relationship for cumulative PCB exposure.
Watson et al. (1998) exposed various human cell lines to electromagnetic fields in vitro, including
prostate cancer, endometrial cancer, and ovarian cancer. Continuous exposure to very high
magnetic fields (2 G) enhanced proliferation of two human prostate, three endometrial, and one
ovarian cancer cell line. Within 96 hours metabolic activity, absolute cell numbers, and colonyforming efficiency increased compared with sham-treated controls. The magnetic field had no
effect on the chemotherapeutic drugs ,Taxol or cisplatin. These results show that cancerous cell
growth is promoted in a high magnetic environment, although it is difficult to relate these results
to more realistic exposures near transmission lines.
There is as yet insufficient evidence to link prostate cancer to magnetic field exposure although
the few studies that do exist and the high incidence of this cancer among Canadian men, suggest it
should be a priority for future research.
Breast Cancer: In Canada the incidence of breast cancer is rare among men (1 per 100,000) and
common among women (1 per 9). Therefore, even a small increase in risk is likely to mean a large
number of new cases among women in Canada, while a large increase in risk can be translated into
perhaps a handful of new cases for men in Canada each year.
Havas (2000) reviewed occupational exposure to magnetic fields and breast cancer in 7 studies
that included men, 3 studies that included women and one study that include both men and
women (Table 20 in Havas 2000). The relative risk that was statistically significant for men
ranged from 1.8 to 8.3 but included relatively small sample sizes due to the rarity of this disease
among men. The statistically significant relative risk for women ranged from 1.1 (for white
women with medium exposure) to 2.2 (for telephone installers, repairers and line workers). Only
one study (Guenel et al. 1993) reported a statistically significant reduction in breast cancer risk
for women with intermittent exposure (OR 0.96, 95%CI 0.91 to 1.0).
Caplan et al. (2000) reviewed eleven occupational studies of breast cancer among women and
exposure to electromagnetic fields. They observed statistically significant risk ratios of 1.98 for
premenopausal women in occupations with high EMF exposure in one study; 2.17 in all women
who worked as telephone installers, repairers, and line workers in another study; and 1.65 for
system analysts/ programmers, 1.40 for telegraph and radio operators, and 1.27 for telephone
operators in a third study. Two additional studies found effects in subgroups, leaving 4 studies
with no statistically significant effects associated with EMF exposure. Once again no studies
found statistically significant reduced risk of breast cancer and EMF exposure.
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In a more recent study Labreche et al. (2003) report that early exposure (before age 35) to
magnetic fields seems to increase the risk of breast cancer especially for women with
progesterone receptor positive tumors (OR 1.56, 1.02-2.39). They conclude that occupational
exposure to low frequency magnetic fields increases the risk of breast cancer among
postmenopausal women.
In addition to the above epidemiological studies that show an association between occupational
exposure to magnetic fields and increased risk of breast cancer among both men and women, in
vivo studies have also documented more rapid growth of mammary tumors in rats exposed to a
chemical carcinogen and magnetic fields between 1 and 1000 mG and (Table 22, Havas 2000).
The studies show an increased incidence of mammary tumors, more tumors, larger tumors and a
reduced latency period and suggest that magnetic fields promote rather than initiate mammary
tumors in rats.
In vitro studies show that estrogen-responsive human breast cancer cells grow more rapidly at
and above 12 mG (Liburdy et al. 1993). This study has been independently repeated (Blackman
et al. 2001 and Ishido et al. 2001) with consistent results. It documents the causal relationship
between magnetic field exposure and the growth of estrogen-responsive breast cancer cells and
the inhibition of the beneficial effects of both tamoxifen and melatonin by magnetic fields.
The National Women’s Health Information Center of the U.S. Department of Health and Human
Services, Office of Women’s Health, hosted a workshop on Electromagnetic Fields, Light-atNight and Human Breast Cancer in November 1997. Doreen Banks summarized the prudent
avoidance measures that should be taken to minimize exposure. Her recommendations are below
and similar recommendations could apply to Canada:
1.

Utility companies should be required to inform homeowners about EMF.

2.

All homeowners should have the EMF tested in their homes and should move beds (if
indicated), step away from major appliances during their operation, and discard old clock
radios and electric blankets.

3.

Manufacturers of electric blankets and appliances should be required to indicate the EMF
levels emitted from their products.

4.

When new homes are constructed or when existing homes are sold, utility companies
should be required to measure the EMF in the home.

5.

Zoning laws should require a reasonable distance separating distribution lines and
substations from senior and child care centers.

6.

State departments of health should measure the EMF in all schools, hospitals, parks, and
senior centers that are close to distribution lines and substations, and they should track
the amount of electricity produced by substations and carried by lines.

7.

The government should take a different approach to changing regulations that relate to
health concerns. Specifically, government specialists should communicate better across
agencies.
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What these studies collectively show is an association between occupational exposure to EMF
and an increased risk of leukemia, nervous system tumors, and breast cancer. For breast cancer,
both in vivo studies and in vitro studies confirm the harmful effects of magnetic fields and show a
causal relationship. Interestingly leukemias and nervous system tumors have been documented
for both children and adults. The major difference is that for children the incipient incidence level
seems to be between 2 and 4 mG and for adults between 3 and 10 mG.
With magnetic field exposures consistently above 3 mG we are beginning to approach levels
commonly found in high EMF occupational settings and as such the occupational studies are
relevant for those working or staying at home. Based on NIEHS (1998) occupations with
magnetic flux densities averaged over a workday below 1.2 mG are within the 25th% of various
occupations; those below 1.7 mG are within the 50th%; those below 2.7 mG are within the 75th%
and those below 6.6 mG are within the 95th% (See Table 13 Havas, 2000). Only 5% of
occupations exceed an average daily exposure above 6.6 mG.
While magnetic fields below 1000 mG are unlikely to initiate cancers they appear to be acting as
cancer promoters and, as such, cannot be ignored (refer to Table 22 Havas, 2000). Indeed the
observation that they promote rather than initiate cancer would explain why not all studies show
increased risk for the same types of cancers.
1.3.

Magnetic Field Exposure and Miscarriages

Adverse pregnancy outcomes, including miscarriages, still births, congenital deformities, and
illness at birth, have been associated with maternal occupational exposure to electromagnetic
fields (Goldhaber et al. 1988) as well as residential use of electric blankets, heated waterbeds, and
conductive heating elements in bedroom ceilings (Wertheimer and Leeper 1986, 1989; Hatch et al.
1998). DeMatteo (1986) documented percentage of abnormal pregnancies in the early 1980s for
women who worked in front of a video display terminal compared to all employees (Table 24,
Havas 2000). At that time monitoring equipment for EMF exposure was limited and we don’t
know what they were exposed to. More recent studies are beginning to define magnetic flux
densities that should be avoided by pregnant women.
Li et al. (2002) studied pregnancy outcomes in 969 pregnant women, who were monitored for 24h with a personal magnetic field monitor. Women exposed to magnetic fields above 16 mG for
any length of time during the 24-h monitoring had a 80% increased risk of miscarriage (RR 1.8,
1.2-2.7 CI). For women within the first 10-weeks of gestation this risk increased to 220% (RR
2.2, .2-4 CI) and for “susceptible” women, those who had previously miscarried, the risk was
310% (RR 3.1, 1.3-7.7 CI). All of these were statistically significant risks. The scientists
concluded that prenatal maximum magnetic field exposure above possibly 16 mG might be
associated with a miscarriage risk.
1.4

Neurological Disorders

Several neurological disorders have been associated with EMF exposure including Alzheimer’s
disease and Lou Gehrig’s disease. I was also specifically asked to comment on epilepsy.
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In contrast to cancers, few studies have examined the association between occupational EMF
exposure and Alzheimer’s disease. One case-control study by Sobel et al. (1995) included three
independent clinical series of non-familial Alzheimer’s disease in Finland (two series) and
California, U.S.A. (one series). Non-familial Alzheimer’s was selected to minimize the genetic
influences in the etiology of this disease. A total of 387 cases and 475 controls were included in
the combined series and were classified into two EMF categories (medium/high and low exposure
in primary occupations). Significantly elevated odds ratios (OR 3.9; 95% CI 1.7–8.9) were
observed for the combined data sets for females working primarily as seamstresses and
dressmakers. The OR for males was also above 1 (OR 1.9) but was not statistically significant.
Sewing machines generate very high magnetic fields (see Fig. 4, Table 13 Havas 2000), much
higher than most electrical occupations.
More studies that focuse on Alzheimer’s disease and EMF exposure with a much broader
occupation base are needed before any definitive statements can be made. The highly significant
OR in this study is disturbing if the results can be generalized to a much broader population.
The California Department of Health Services (Neutra et al. 2002) recently reviewed the
literature on Amyotrophic Lateral Sclerosis (ALS or Lou Gehrig’s Disease). They reviewed a
total of seven studies and the meta-analyses revealed an odds ratio of 1.5 (1.2-1.7) for all seven
studies and an odds ratio of 2.7 (1.4-5.0) for the two utility studies, both statistically significant.
They concluded that the evidence suggests an association between ALS and working in an electric
occupation or having a job within a utility company with high magnetic field exposure.
They further stated that:
“Lou Gehrig’s Disease has a low incidence with rates around 1/100,000 a year. Even
doubling such rates and accumulating them over a lifetime leaves accumulated lifetime
risks less than 1/1,000. Thus the vast majority (99.9%) of highly-exposed people would still
not contract this disease. Furthermore, calculations suggest that the fraction of all cases of
this condition that one could attribute to EMFs would be no more than a few percent of the
total cases (if any). However, if EMFs do contribute to the cause of these conditions, even
the low fractions of attributable cases and the size of accumulated lifetime risk of highly
exposed individuals could be of concern to regulators. Indeed, when deemed a real cause,
estimated lifetime risks smaller than these (1/100,000) have triggered regulatory evaluation
and, sometimes, actual regulation of chemical agents such as airborne benzene. The
uncommon, accumulated high-EMF exposures implicated by the evidence about these
conditions come from unusual configurations of wiring in walls, grounded plumbing,
nearby power lines, and exposure from some jobs in electrical occupations. There are ways
to avoid these uncommon accumulated exposures by maintaining a distance from some
appliances, changes in home wiring and plumbing, and power lines. However, to put things
in perspective, individual decisions about things like buying a house or choosing a jogging
route should involve the consideration of certain risks, such as those from traffic, fire, flood,
and crime, as well as the uncertain comparable risks from EMFs.”
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A more recent review by Li and Sung 2003 came to similar conclusions. Nine of the ten
epidemiological studies they reviewed show moderate to strong relative risk estimates that
support a link between occupational EMF exposure and ALS (Figure 2).

FIGURE 2. The highest (left figure) and lowest (right figure) relative risk estimates and the corresponding 95%
confidence intervals (CI) of ALS in relation to occupational exposure to EMF or magnetic field in each study. (Data
from Deapen and Henderson [1986], Gunnarsson et al. [1991, 1992], Schulte et al. [1996], Strickland et al. [1996],
Davanipour et al. [1997], McGuire et al. [1997]; Johansen and Olsen [1998]; Savitz et al. [1998a,b].) Figures from
Li and sung 2003.

Li and Sung (2003) identified chemicals and electric shock as potential confounders. Electric
shock, if it does indeed increase the risk of ALS, would be a consideration for those living close to
transmission lines.
Epilepsy: Epileptic seizures are excessive bursts of electrical energy in the nerves of the cerebral
cortex. Depending on the location and the intensity of these seizures, the effects may be mild
with brief moments of confusion to major spasms and loss of consciousness. The cause of
seizures can be determined in some epileptic patients and may be attributed to genetics, trauma
to the brain, viral infection, tumors, low blood sugar in diabetics or abnormal neurotransmitters
(chemical messengers between nerve cells) (Simon 2002). For others epilepsy is idiopathic,
which means its cause is unknown.
The research on low frequency EMF exposure and epilepsy is limited. Johansen (2000)
examined exposure of Danish utility workers to electromagnetic fields and the risk of neurological
diseases. A total of 30,631 people employed by the Danish utility companies for at least three
months were studied. Note this exposure is very short and would be inadequate for cancers but
may be of sufficient length for neurological disorders. Johansen found a statistically significant
increased risk at the highest exposure (>10 mG) for epilepsy (RR 2.03 95% CI 1.02-4.05) but
not for any of the other neurological disorders. He also found an increase in motor neuron disease
among men but not among women that was statistically significant (RR 1.80 95% CI 1.16-2.93).
This is the first study to show an increased risk of epilepsy with high electromagnetic field
exposure and as such needs to be replicated.
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1.5

Heart Disease

Heart disease is one of the leading causes of death in North America and the heart is a sensitive
organ to electrical impulses. The California Department of Health Services (Neutra et al. 2002)
reviewed three occupational studies that examined the incidence of cardiovascular mortality of
utility workers. All three had large samples sizes and were well-conducted studies. Two of these
studies showed an increase in cardiovascular mortality that was statistically significant.
One study tracked more than 40,000 Southern California Edison utility workers (Kesh 1997 cited
in Neutra et al. 2002) and reported increases of major cardiovascular death for linemen (42%),
trade/craft (43%), service/labor (48%), plant operations (56%), and meter reader/field service
(71%) compared with administrative/technical workers.
In the second study, Savitz et al. (1999) examined death certificates for over 100,000 men in 5
electrical utilities and used time-weighted average measurements of magnetic field exposure.
They found that as the exposure increased, the risk of deaths attributed to arrhythmia, acute
myocardial infarction, atherosclerosis, and chronic coronary heart disease also increased from
14% to 62%. However, it should be pointed out that mortality from heart disease in all utility
workers was lower than in the general public.
The incidence of heart disease mortality in the United States is about 1/1,000. A 14% increase
(lowest significant increase in the Savitz study) would be of regulatory interest according to
California Department of Health Services. The authors conclude that there are 17,000 sudden
cardiac deaths in California each year and if EMFs accounted for only a few percent of these, it
would amount to hundreds of deaths each year because the exposure limit is a common event.
A more recent study (Sorahan and Nichols 2004) of almost 80,000 electricity generation and
transmission workers in the UK did not find a relationship between cardiovascular disease and
lifetime cumulative exposure to magnetic fields or with exposures during the most recent 5 years.
Sastra et al. (1998) studied nocturnal exposure to intermittent 60 Hz magnetic fields and their
effect on heart rate. Decreases in heart rate variability (HRV) have value as a predictor for
cardiovascular mortality. A total of 77 subjects volunteered for this study. Results show that
nighttime exposure to intermittent 60 Hz magnetic fields at 200 mG significantly reduced HRV.
Continuous exposure to these fields had no effect on HRV. Since residential exposure near
transmission lines is unlikely to be as high as 200 mG and since magnetic exposure is likely to be
continuous rather than intermittent, this should not be a concern for people living near such lines
but it may be a concern for those occupationally exposure to very high field strengths.
1.6

Effects vs. Guidelines

There are no internationally agreed upon guidelines that consider long-term exposure to magnetic
fields within the low frequency range. International guidelines on exposure limits for all ELF
EMF have been developed by the International Commission on Non-Ionizing Radiation
Protection (ICNIRP) in collaboration with the World Health Organization (WHO). WHO clearly
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states that:
“ . . . the ICNIRP guidelines for EMF exposure . . . are intended to prevent health effects
related to short-term acute exposure. This is because ICNIRP considers the scientific
information on potential carcinogenicity of ELF fields insufficient for establishing
quantitative limits on exposure.” (www.who.int/mediacentre/factsheets, October 2001)
The ICNIRP guideline for exposure of the general public to low frequency magnetic fields is 830
mG for any 24-hr period. This guideline is based on electrical stimulation outside the body
resulting in electrical signals within the body that are within normal physiological intensities that
might affect neural impulses. The guideline does not consider cancer as a possible outcome
(http://www.icnirp.de/documents/Use.htm, March 1999).
In Canada, guidelines for EMF exposure come under the jurisdiction of Health Canada. Health
Canada has not independently established guidelines for magnetic field exposure. When pressed,
they will state that Canada follows the ICNIRP guidelines of 830 mG for a 24-hr period. Since
these guidelines are based on short-term acute exposure we still do not have guidelines that
protect the public from long-term chronic exposure, which is the case with the distribution of
electricity.
If we examine the effects that have been documented in the literature for magnetic field exposure
and the ICNIRP/Health Canada guidelines, there is a serious discrepancy (Table 3). Associations
based on epidemiological studies and cause-effect relationships based on laboratory experiments
suggest that magnetic fields within the range of 2 to 16 mG are harmful. Canadian guidelines
allow exposure of the general public to magnetic fields up to 830 mG for any 24-hour period. It
is clear that these outdated guidelines need to be reviewed based on recent scientific studies.
TABLE 3. Levels of magnetic field that have been associated with adverse health effects and existing international
and federal guidelines recommended by Health Canada. Refer to text for references cited.

Response

Exposure

mG

Childhood leukemia
Adult leukemia
Adult brain tumors
Breast cancer
Miscarriage
ICNIRP and
Health Canada Guidelines

Residential
Occupational
Occupational
Epidemiology, in vivo and in vitro studies
First trimester
General Public

2-4
3-10
3-10
3-12
16
830

Some jurisdictions are taking the EMF health connection seriously. Recently, a California PUC
Administrative Law Judge ruled in favor of a new 230 kV transmission line. However, she
required that PG&E underground the line and bury it up to 12 feet (6 feet extra) to reduce EMFs;
that they use a field-canceling triangular duct arrangement; and that they spend more than the
required 4% of the budget ($12 M) to do so. She also opened a new statewide Order Instituting
Investigation (OII) to evaluate the last decade of EMF studies.
In Italy guidelines of 2 mG for schools has been proposed. In Sweden guidelines between 2 and 3
mG have been recommended for locations where children live and play. In Switzerland 10 mG is
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being considered. In Israel it is difficult to sell your home if values exceed 10 mG. Remediation
includes shielding the magnetic field from existing power lines, resulting in expensive, bulky
structures attached to the side of buildings facing power lines (Hartal et al. 2004, Peker and
Netzer 2004).
Evidence for ALS based on epidemiological studies is convincing and suggests a potential causal
or promotional relationship since so many of the studies report increased risk. The evidence for
Alzheimer disease, Parkinson disease, and other neurological disorders are not as convincing and
require more research.
Part 2.

Health Effects associated with Ground Current (GC) and Contact Current (CC)

While most of the electricity flows along wires, some of it flows through the ground and is called
ground current (previously called stray voltage). Ground current travels along the path of least
resistance and it preferentially flows through highly conductive objects including wet soils and
metal pipes. Ground current is a serious problem in farming communities and has been
associated with reduced milk yield for dairy cattle, miscarriages, mastitis, foot sores that do not
respond to conventional antibiotic treatment, behavioral abnormalities, and premature death
resulting in serious financial problems for dairy farmers. These problems often result in legal
action with out-of-court settlements. Ground current is also a serious concern in urban centres as
it can enter homes through plumbing.
2.1

Ground Current on Farms

According to the National Electrical Safety Code Handbook (1997):
“When the earth returns were used in some rural areas prior to the 1960’s, they became
notorious offenders in dairy areas because circulating currents often cause both step and
touch potentials. In some cases, they have adversely affected milking operations by shocking
the cattle when they were connected to the milking machines, and have affected feeding.”
While this was a problem in the 1960s it is resurfacing as a problem today. Deteriorating utility
infrastructure, increased use of electronic devices that affect power quality, and inadequate
neutrals are increasing ground current in both rural and urban areas. According to the Minnesota
Public Utilities Commission (1998), since the 1980s, 70% of the unbalanced current returns via
the earth.
Rule 92D of the National Electrical Safety Code (NESC 1997): Current in Grounding Conductor
states that:
“Ground connection points shall be so arranged that under normal circumstances there will
be no objectionable flow of current over the grounding conductor.”
“Objectionable current flow” is defined in Bill 143 as:
“any steady state of electrical ground current for five seconds or more on a grounding
conductor or any other conductor that normally does not carry electric current, except for
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any temporary flow of electrical fault current that is caused by a phase-to-ground fault
condition and that results from the performance of a grounding conductor’s protective
functions regarding faults or lightning.”
Rule 215B “Objections to use of the earth as part of a supply circuit are made from both safety
and service standpoints.” of the National Electrical Safety Code Handbook (NESC 1997) states
that:
“Areas known to present specific problems include milking barns without adequate
voltage gradient control, pipelines, railways, conduits, etc. These may need special
attention to limit damage to equipment or uncomfortable conditions for personnel or
animals.
According to the US Department of Agriculture document, Electrical Voltage/Current on Farm
Animals Lefsourt (1991):
“The effect of a transient voltage superimposed on the regular power voltage (dc or ac) is to
cause a momentary change in the waveform. When the transient causes the momentary
voltage to be greater than normal, it may cause a transient current to flow in an animal.
. . . If the transient waveform has sufficient energy (magnitude and duration), there may be
an animal response.”
“Transient-effects research is necessary to fully evaluate power system effects on animals.
Surveys to establish the existence and characteristics of transients and the effects of transients
on animals are needed to determine whether a full research program is required. Both short
term and long term tests would be needed to provide data on transient current effects on
animals. . . . Continuing exposure to consistent or intermittent transients may have harmful
effects if they exceed levels yet to be determined.”
The Public Utility Commission (PUC) in several states has adopted 0.5 volt or 1.0 milliamp as
the limit for utilities to respond to complaints of uncontrolled voltage on farms. However, some
farmers complained that their cattle were responding to lower voltages. In response to these
complains Hillman et al. (2003) investigated 12 farms in Wisconsin, Michigan and Minnesota.
They monitored ground current, contact current including 60 Hz, transients, and harmonics. They
found that milk production was related to the number of transient events. High frequency
transients cause the cows to lift their feet to break the circuit, to kick, and twitch with
uncontrolled muscle tremors. EKG patches on the legs of cows showed that the current flowed
up one leg and down the other. On three farms where step voltage was 9 mV or larger, the value
of milk/cow/day decreased linearly with soil resistivity to current. When the number of
transients, frequency of impulses, and the number of harmonics per day are considered, results
support the position of Polk (2001) that 10 mV peak to peak is a critical voltage level on some
farms. Ground current and inferior power quality on rural power lines affects behavior, health,
and milk production of dairy cows.
One typical dairy operation, where the farmer has ground current problems associated with dairy
operation, is used as an example. On a farm near Port Perry Ontario the ground current was
picked up through two remote ground rods even when the power to the farm was turned off.
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The source was a nearby distribution line. Farmers often need to install isolation transformers to
reduce ground current problems on their farm associated with distribution lines. The ground
current on this farm showed a clear 60-Hz sine wave that was distorted with high frequency
transients (Figure 3). Since the power was turned off at the time of measurement it was not
coming from faulty wiring on the farm.
At the same farm the current between the water bowl and the ground was measured with power
to the farm turned off. This is called cow contact and represents a cow drinking from the water
bowl. The value of 260 uA (130 mV and 500 Ohms resistance) is 3.25 times higher than values
causing heart arrhythmia in humans (80 uA, Reilly 1998).

FIGURE 3. The above waveform was collected between two remote ground rods less than 20
feet apart on the Kerstendale farm near Port Perry Ont. The power to the farm was off at the
time (Stetzer 2004).
I am aware of one farmer in Alberta whose property is near a transmission line and who is
experiencing serious ground current problems on his land that are affecting his beef operation.
The utility has not been able to resolve this problem for him and his cattle are suffering. They
are unable to drink form the water bowl because they receive a shock each time they lap at the
water. Measurements of the potential difference between the water bowl and the ground are, on
occasion, in excess of 0.5 volts, although the cows can detect even lower potential differences. I
do not know how many farmers in Alberta are experiencing similar problems.
2.2

Contact Current in Homes

Ground current flows through water pipes and can come into the home. Someone washing
dishes, taking a shower or bath will be exposed to this current resulting in “contact current”.
Contact current above 18 uA has been associated with cancer according to the NIEHS Working
Group (1998) report (Kavet 2000).
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Evidence that contact current flows through water pipes and through people in the home was
documented on a farm in Manitoba. Sink to floor contact current was calculated to be 1,664 uA
(832 mV with 500 Ohms hand-to-foot resistance) and is 90 times higher than the values
associated with cancer (80 uA) (Figure 4).
The wave form of the current flowing through the ankles of a young girl while standing in the
kitchen of her parents’ home in Manitoba shows a distorted 60-Hz sine wave with an amplitude
of 300 mV (~600 uA or 30 times higher than values relevant to cancer) (Data courtesy of Dave
Stetzer, Stetzer Electric, Blair Wisconsin). The cows on this farm are producing less milk and
have health problems that have been traced to high ground current.
Ground current may play a factor in childhood leukemia as well. Wertheimer et al. (1995)
studied 347 cases and 277 controls identified in an earlier study of magnetic field exposure and
childhood cancer in the Denver area. An increased cancer risk was observed for children in homes
with conductive plumbing where the magnetic field was elevated and had a nonvertical
orientation. The matched odds ratio was 1.72 (1.03-2.88) and increased to 3.00 (1.33-6.76) when
analysis was limited to cases and controls that were residentially stable. In contrast to measured
field intensity alone, for which only modest associations with cancer have been reported, this
metric shows a high and significant cancer risk [matched OR = 4.0 (1.6-10.0)]. Authors conclude
that the risk of leukemia for children is increased with elevated magnetic field exposure from
residential ground currents.

FIGURE 4. The waveform above was recorded between the sink and floor in the Hans Steinmann
home in Manitoba Canada. The Steinmann home has 92 times more current than what EPRI and
the NIEHS report to have a biological effect “relevant to cancer” [Stetzer 2005].

A study by Kavet et al. (2004) lends support to the Wertheimer et al. (1995) results. The voltage
between water fixtures and conductive drain pipes can be a source of contact current exposure to
a bathing child touching the water fixtures or water stream. In this study of 191 single-family
Denver homes, both voltages were positively associated with spot-measured average residential
magnetic fields. The authors conclude that their results support the hypothesis that exposure to
contact current may be responsible for the association found in epidemiologic studies between
magnetic fields and childhood leukemia.
Havas re: ALTALINK

February 2007

page 18/40

Concern about ground current is growing in various states and provinces. The Ground Current
Pollution Bill 143 is currently before the Ontario Legislative Assembly awaiting its third reading.
This Private Member’s Bill, introduced by MPP Maria Van Bommel, received unanimous
support from all three parties in the Legislative Assembly on October 19 2006. This Bill is
provided in Appendix C, as is the discussion that took place in the Legislative Assembly during
its second reading.
Ground current and contact current and the associated health problems is another variable that
needs to be considered when siting transmission lines since the very high fields associated with
these lines can induce current on nearby metal objects and conducting surfaces.
Part 3. Radio Frequency Radiation associated with Power Lines
Power lines were originally designed to distribute electricity but there is growing interest in using
them for data communication, broadband over power lines (BPL) for example, and as supporting
structures for cell phone antennas (see Figure 5 below). With these two changes, frequencies
higher than 60 Hz are now associated with power lines. To what extend the Altalink transmission
line is going to be used for this purpose is not known but the potential exists for this secondary
usage and needs to be considered from a biological and health perspective especially since
transmission lines have a life well over 40 years and these technological innovations seem to be
the trend of the future.

FIGURE 5. Cell phone antennas on transmission line tower in Ontario.
3.1

Power Lines for Data Communication.

Vignati and Giuliani (1997) detected radio frequency currents (112 to 370 kHz) used for
communications and remote control on high- and medium- voltage lines (150 to 380 kV) in Italy.
The currents were of constant frequency and were amplitude modulate and were not due to
corona and load interruptions. This shows that radio frequency magnetic fields are present on
power lines in addition to the 50/60 Hz fields. Ente Nazionale Energia Electtrica, the Italian
electricity company, admitted to using the power line for data transmissions and they specified
both the power and frequency. The intensity of radio frequency is low but the intensity of
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currents induced in a human body increases with frequency. The authors conclude that the
presence of the radio frequency magnetic fields must be considered in the context of
epidemiologic studies associated with power lines. In Israel 160 to 400 kV lines are used for
information transfer with a current of 150 mA in the radio frequency range.
In addition to the deliberate use of transmission lines for radio frequency transmission, high
frequency transients and harmonic distortions contribute to poor power quality (commonly
referred to as dirty electricity). Recent studies confirm the potentially harmful effects of poor
power quality in the radio frequency range on electrical wires. Studies in schools and in homes,
where capacitors were used to reduce the high frequency energy on wires, report improved health
for the occupants (Havas et al. 2004, Havas and Stetzer 2004, Havas 2006).
We have shown that elevated levels of fasting plasma glucose for some diabetics is associated
with high levels of dirty electricity in their homes and that when the dirty electricity is reduced
their blood sugar values drop and they require less insulin (Havas 2006).
We have shown that people with multiple sclerosis have reduced symptoms when dirty
electricity is reduced in their home environment. Those with progressive MS are able to walk
unassisted within a few days to weeks of living in an electrically cleaner environment (Havas and
Stetzer 2004, Havas 2006).
We have shown that capacitors placed in schools result in improved student behavior and
improved teacher performance and health. These studies have now been repeated at three
schools, one in Canada (Havas et al. 2004) and two in the US and they show that approximately
40 to 50% of the staff improve when dirty electricity is reduced in their school environment.
These values are slightly higher than reports for electrical hypersensitivity (35%) reported in the
United Kingdom (Philips and Philips 2006). Symptoms, associated with ADD and ADHD are
reduced among elementary students (studies were blinded and were not due to a placebo effect).
These studies document that poor power quality in the radio frequency range (4 to 100 kHz) on
indoor wires affects health. Power quality has long been a concern for the utility industry and for
manufacturing companies that require clean power. Industrial capacitors and power line filters
have been in use for decades. Today we are learning that this energy is also biologically active
and that capacitors that remove the high frequency energy can benefit human health.
Using power lines for data communication is not a good idea from a human health perspective but
it will probably take a lot more scientific publications before this information is taken seriously
by the electric utility. Whether Altalink currently uses or intends to use their transmission lines
for data communication is not known.
3.2

Antennas on Transmission Line Towers

Another concern is that transmission towers are ideal places for cell phone antennas to ensure
global coverage and to minimize dead zones. If Altalink decides that they will never permit use
of their towers for this purpose then the following information is not applicable. However, if
they decide that this would be a compatible use of their towers, exposure of those living close to
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these transmission lines to yet another form of radio frequency radiation, namely the form that is
transmitted through air, becomes an important consideration from a health perspective.
Several epidemiological studies of people who live near cell phone antennas have been conducted
and they all show either an increased risk of cancer (Naila 2004) or of symptoms of
electrohypersensitivity (EHS) (see Part 4) (Santini et al. 2001, Navarro et al. 2003).
Santini et al. (2001) studied people in Spain who live near a cell phone base station. They
reported an increased incidence of the following disorders: fatigue, sleep disturbances, headaches,
feeling of discomfort, difficulty concentrating, depression, memory loss, visual disruptions,
irritability, hearing disruptions, skin problems, cardiovascular disorders, and dizziness (See
Figure 6). Severity of symptoms diminished with distance from the antennas. Adverse health
effects were reported at distances up to 300 meters. In this case, health is defined according to
the World Health Organization definition as “the state of complete physical, mental and social
well-being, and not merely the absence of disease or infirmity”.

fatigue
headaches
difficulty in concentration

% respondents experiencing
symptoms "very often"

memory loss
irritability
skin problems
dizziness

80

movement difficulties

60

80

% 40

60
20
40 %

0
sleep disturbance
feeling of discomfort
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depression
visual disruptions
hearing disruptions

0

cardiovascular
loss of appetite
nausea

10-50
100-200
> 300

< 10
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200-300

Residential Distance to Transmitter (m)

FIGRUE 6. Response of residents living in the vicinity of a cellular phone base station in Spain
(Santini et al. 2001).
In Murcia Spain, Navarro et al. (2003) conducted a health survey near a cellular phone base
station. Measurements of power density were below guidelines in both exposed and reference
populations. Exposed individuals lived within 50 and 150 meters of the base station and the
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reference population lived 260 to 308 meters away. Exposed residents experienced more
headaches, sleep disturbances, irritability, difficulty concentrating, discomfort, dizziness,
appetite loss and nausea, symptoms that are typical of electrohypersensitivity syndrome (Table
4). These results are similar to those reported by Santini et al. (2001).
TABLE 4. Response of residents living near a cellular phone base station in Spain (Navarro et al.
2003).

Respondents
Distance to Base Station
Average Power Density (mW/cm2)
Headache
Sleep disturbance
Irritability
Difficulty concentrating
Discomfort
Depression
Dizziness
Appetite loss
Nausea

Exposed

Reference

P-value

54
50 to 150 m
0.11 + 0.19
2.17
1.94
1.56
1.56
1.41
1.30
1.26
0.96
0.93

47
260 to 308 m
0.01 + 0.04
1.53
1.28
1.04
1.00
0.87
0.74
0.74
0.55
0.53

-< 0.001
< 0.001
<0.001
<0.01
<0.05
<0.02
<0.02
<0.02
<0.05
<0.05
<0.05

0 = never; 1 = sometimes; 2 = often; 3 = very often

Five medical doctors in Germany (Naila 2004) studied people living close cellular transmitter
antennas. The researchers found was that the proportion of newly developing cancer cases was
significantly higher among those patients who had lived during the past ten years at a distance of
up to 400 metres from the cellular transmitter site, which bas been in operation since 1993,
compared to those patients living further away, and that the patients fell ill on average 8 years
earlier. After five years’ operation of the transmitting installation, the relative risk of getting
cancer had trebled for the residents of the area in the proximity of the installation compared to
the inhabitants outside the area.
It is not just people who are affected.
In an experiment in Italy, 12 pairs of mice (6 reference pairs) and (6 exposed pairs) were exposed
to the radiation from an antenna park where levels were in the order of 1.053 to 0.168
microW/cm2. Mice were mated 5 times and resulted in a total of 118 newborn offspring. The
number of newborns per dam significantly decreased for mice exposed to the radio frequency
radiation resulting in irreversible infertility (Magras and Xenos1997).
A cellular phone transmission antenna was installed on a tower with a pre-existing TV
transmission antenna on a farm in Germany. After this new installation the cows produced less
milk, miscarried, developed health problems, and exhibited unusual behavior that included
conjunctivitis, repetitive head motion, reduced grazing in the field, and rapid deterioration after
the third or forth calving which lead to premature death (Loscher and Kas 1998).
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Food quality was high and could not account for the metabolic disturbances. The increased
miscarriages did not related to either viral or bacterial infection. Autopsies indicated acute heart
and circulatory problems with internal bleeding in several organs. This is consistent with
microwave exposure.
Measurements of radio frequency radiation ranged from 400 to 936 MHz and the highest power
density recorded was 80 microwatts/cm2, well below international guidelines.
One cow with abnormal head movements was moved to a farm 20 km away and the head
movements disappeared within 5 days. When this animal was returned to its home farm the
abnormal head movements returned with a few days. Whether this energy was affecting the cows
as a form of radiation flowing through the air or along the ground is not known.
In a similar study of cows on a farm close to a transmission station, the micronuclei in cow blood
were elevated indicating a genotoxic effects of exposure (Balode 1996, cited in Loscher and Kas
1998).
White storks nesting within 200 m of a phone mast in Spain built fewer nests, had more nests
with no chicks, had fewer young per nest and more death of young chicks than did breeding pairs
beyond 300 m of the mast (Balmori 2005). Proximity of nests to the cell phone antennas
affected reproductive success of these birds.
What these studies show is that animals, birds and humans who live within 300 to 400 meters of
a cell phone transmission antenna experience behavioral disorders, adverse health effects, reduced
milk yield (cattle) and reproductive impairment (mice, cattle, birds). If these antennas are placed
on transmission towers, those living within a critical distance (perhaps 400 meters) may very
well experience similar symptoms. The question as to whether Altalink intends to use the
transmission towers to support cell phone antennas needs to be addressed.
Part 4: Electrical Hypersensitivity (EHS)
Electrical hypersensitivity (EHS) is a condition that has been recognized by the World Health
Organization (2004). At their International Seminar and Working Group Meeting on EMF
Hypersensitivity held in Prague, October 2004, they defined EHS as follows:
“ . . . a phenomenon where individuals experience adverse health effect while using or
being in the vicinity of devices emanating electric, magnetic, or electromagnetic fields
(EMFs). . . Whatever its cause, EHS is a real and sometimes a debilitating problem for
the affected persons, while the level of EMF in their neighborhood is no greater than is
encountered in normal living environments. Their exposures are generally several orders
of magnitude under the limits in internationally accepted standards.
EHS appears to be on the increase. Johansson (2006) reports that in Sweden
electrohypersensitivity (EHS) is an officially recognized as a functional impairment and not a
disease. About 3% of the Swedish population has EHS and is part of a nation-wide registry.
According to Philips and Philips (2006) as many as 35% of the population in the UK have
symptoms of EHS. If this range of percentages is applied to Alberta with a population of 3.4
million, then between 100,000 and 1.2 million people in Alberta may be electrically sensitive.
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4.1

Symptoms of EHS

Symptoms of electrohypersensitivity are similar to radio wave sickness (Firstenberg 2001),which
was first documented among radar workers in World War II. These symptoms include the
following :
Insomnia, headaches, dizziness, nausea, memory loss, difficulty concentrating, irritability,
respiratory illness (bronchitis, sinusitis, pneumonia), flu-like illness, asthma, fatigue, weakness,
pressure or pain in the chest, increase in blood pressure, altered pulse rate (usually slowed),
pressure behind the eyes, other eye problems, swollen throat, dry lips or mouth, dehydration,
sweating, fever, shortness of breath, muscle spasms, tremors, pain in the legs or the soles of the
feet, testicular or pelvic pain, joint pain, pains that move around the body, nosebleeds, internal
bleeding, hair loss, digestive problems, skin rash, ringing in the ears, impaired sense of smell, pain
in the teeth (especially with metallic fillings)
People who are electrically hypersensitive (EHS) become ill when they use computers for
prolonged periods of time and often are unable to use mobile phones without experiencing
headaches and other adverse symptoms. They cannot live near transmission lines.
4.2

Studies on EHS

One of the earliest studies conducted on electromagnetic hypersensitivity was at the
Environmental Health Centre in Dallas Texas by Rea et al. (1991). This study found that of the
100 original subjects who believed hey were electrically sensitive, 25 responded to
electromagnetic fields but not to blanks (double blinded study). Sixteen of the EMF-sensitive
patients had positive symptoms scores plus autonomic nervous system changes when exposed
to electromagnetic fields. When retested, they responded positively to100% of the challenges
and negatively to the placebo tests. The authors conclude that their study provides strong
evidence that electromagnetic field sensitivity exists, and can be elicited under environmentally
controlled conditions.
Trimmel and Schweiger (1998) tested the response of 66 subject to a combination of high
electromagnetic field (1 mT) at 50 Hz and noise (45 dB), noise only, and controls. They found
that subjects showed less attention (P<0.05), perception ((P<0.05) and memory performance
(P<0.1) when they were exposed to EMF. The effects were more pronounced in the selfdeclared sensitives then in the less-sensitive group and the results were immediate.
Physicians are beginning to recognize patients with electrical hypersensitivity.
Huss and Roosli (2006) interviewed 342 general practitioners in Switzerland and found that 69%
of them had at least one consultation due to EMFs and the median number of consultations
within one year was three. The most common complaints were sleep disorders, headaches and
fatigue and the most common exposures were mobile phones, mobile phone antennas, and power
lines. GPs judged the association between EMF and the symptoms to be plausible in 54% of the
cases.
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An overwhelming number of Austrian general practitioners (96%) believe in a health-relevant role
of environmental electromagnetic pollution and 66% of them are consulted occasionally to
frequently by self-declared electromagnetically sensitive patients (Leitgeb et al. 2005).
The Irish Doctors Environmental Association (IDEA) prepared a position paper on
Electromagnetic Radiation (2006) (See Appendix D).
The International Scientific Community drafted two Resolutions (Catalina 2002 and Benevento
2006) in an attempt to alert regulatory bodies to the importance of setting realistic guidelines for
both low frequency and radio frequency EMF exposure (Appendix D).
Part 5.

Regulation and the Precautionary Principle (PP)

Even though the science showing adverse biological and health effects is available, the regulatory
process is slow and it will take years before acceptable guidelines are established in Canada to
protect human and animal health. In the meantime, the Precautionary Principle can be applied.
The Precautionary Principle is Principle 15 of 1992 Rio Declaration on Environment and
Development and it states the following:
“In order to protect the environment, the precautionary approach shall be widely
applied by States according to their capability. Where there are threats of serious or
irreversible damage, lack of full scientific certainty shall not be used as a reason for
postponing cost-effective measures to prevent environmental degradation.”
As part of the International EMF Project, the WHO is developing a framework document
entitled “Guiding public health policy options in areas of scientific uncertainty” (June 2005). This
document applies primarily to electromagnetic fields and while it is a draft document some of the
rationale, upon which the final recommendations will be based, are unlikely to change. The
guiding principles include the following:
1. Precaution is to be included throughout the risk analysis and policy development process and
should be seen as an overarching approach
2. Science is the fundamental basis for application of this Framework in that it seeks to identify
the level of uncertainty about the health consequences of exposure to an agent.
3. Public concern may be a trigger for implementing public health policies, though the priority is
the protection of health
4. Communication and consultation with stakeholders should occur at all appropriate stages
and the transparency of the whole process should be guaranteed.
Below are some quotations from this document that are relevant to the current situation.
While science is the basis for establishing risk, appropriate actions are also based on technical,
economic, and political realities.
The strength of scientific evidence concerning a potential risk is one of the factors
considered in selecting appropriate actions. Other factors include technical feasibility,
economic costs and benefits, and political realities. This Framework also recognizes
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that perspectives based on social and cultural factors, ethical values, and experience
or observation constitute the context that ultimately determines the policy decisions.
Protecting the vulnerable in our society is an important consideration and relates to the research
on childhood leukemias and miscarriages previously mentioned.
Many societies have a heightened level of concern for vulnerable populations such as
the infirm, the elderly and children because they may be unable to take actions to
effectively manage their own risk. Furthermore, many societies believe that the child
and the foetus should be afforded an even higher level of protection because of their
increased vulnerability, greater potential for exposure over their lifetime and because
they represent the future of the society.
Special attention needs to be paid to ubiquitous exposure.
From a health viewpoint, special attention is paid to ubiquitous exposures because
even a relatively small (and thus difficult to detect) health risk to many individuals
may have significant public health consequences. The nature of the presumed health
effect is also a factor in putting the health issue in context. Some diseases, such as
cancer, are particularly dreaded. Other maladies, such as headaches and
sleeplessness, are not life threatening and are often treatable, but can nevertheless
have a profound influence on an individual’s well being and productivity.
Some critical health issues need to be considered and put into context.
Putting the health issue in context of risk profiling may also need to recognize and
evaluate factors that include:
1. whether the consequence is likely to be immediate or delayed whether the
consequences are reversible
2. whether the effects are chronic, cumulative or catastrophic in nature the severity
of the consequences
3. whether or not the risk is well-characterized by science the size, nature or special
characteristics of the group exposed to the risk the distribution of the risk across
sub-groups the effect on future generations
4. whether the hazard is encountered occupationally
Inability to find an adverse health effect does not necessarily mean that an adverse health effect
does NOT exist.
Scientists and decision makers should recognize that failure to demonstrate an
adverse health effect does not rule out the possible existence of one since the test
system used may not have been sensitive enough to detect any effect. Also, failure to
demonstrate an adverse health effect in a limited timeframe does not rule out the
possibility that there may be some consequence sometime in the future.
The two extremes for action are banning an agent (or activity) and taking no formal action and
both have their adverse consequences.
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At one extreme, selecting the action of banning an agent or activity may depend on
whether or not an alternative is available. If so, the implications of the alternatives
for potential health effects, costs and benefits must be evaluated. Where no alternative
is available and reduction of exposure is not feasible, the evaluation needs to
compare the benefits provided by the agent or activity with its potential detrimental
effects.
At the other extreme, taking no formal action is often assumed to be the most benign
option. However, taking no formal action should also be evaluated employing a
similar methodology, including any costs due to public opposition or increased
anxiety, which itself is detrimental to mental and social well being.
The WHO framework recognizes childhood leukemia and places it into a special category of
concern.
For the one health outcome warranting full cost-effectiveness analysis of possible
precautionary measures, childhood leukaemia:
1. The disease affects children
2. The disease is perceived with dread
3. The exposure is largely involuntary
4. There is evidence that in some situations the exposure burden may fall
disproportionately on lower socio-economic status groups
. . . Under the Framework, all these factors argue for adopting greater rather than lesser
protection. The size of risk potentially involved, e.g. of the order 1 in 2000 lifetime risk for
childhood leukaemia, is unlikely to be regarded as negligible by any society.
A recently ruling by the BC Court of Appeal related to the Precautionary Principle is provided in
Appendix E.

Concluding Comments:
It is my opinion that a transmission line placed near homes, schools, and farms is likely to
adversely affect the health of people (particularly young children) and animals living nearby. The
effects may be through one or a combination of pathways including electric field, magnetic field,
ground current, poor power quality, and radio frequency radiation if the lines are used for
broadband transmission or if the transmission towers provide support for antennas. Critical
distances for magnetic fields are in the order of 50 to 100 m, for cell phone antennas 400 m, and
for ground current several km. Decisions made today can affect the lives of those living adjacent
to these lines for decades. Prudent avoidance and the precautionary principle should be applied
to protect public health. It is better to err on the side of caution.
Respectfully submitted by Dr. Magda Havas, February 15, 2007.
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Appendix
Appendix A:

Curriculum Vitae for Magda Havas

Appendix B:

Peer-reviewed article “Biological effects of non-ionizing electromagnetic energy:
A critical review of the reports by the US National Research Council and the US
National Institute of Environmental Health Sciences as they relate to the broad
realm of EMF bioeffects authored by Magda Havas that appeared in 2000 in
Environmental Reviews,” a National Research Council of Canada Journal.
Relevant to Part 1.

Appendix C:

Ground Current Pollution Act, Bill 143, which is currently being considered for
its third reading by the Ontario Legislative Assembly. Relevant to Part 2.

Appendix D:

Resolutions and Position Papers of Physicians and Scientists from around the
world on the biological and health effects of non-ionizing electromagnetic energy.
Relevant primarily to Parts 3 and 4.

Appendix E:

Precautionary Principle Judgment British Columbia Court of Appeal.
Relevant to Part 5.
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Appendix B: Havas 2000.
Havas, M. 2000. Biological effects of non-ionizing electromagnetic energy: A critical review of
the reports by the US National Research Council and the US National Institute of Environmental
Health Sciences as they relate to the broad realm of EMF bioeffects. Env. Review 8: 173–253.

Havas re: ALTALINK

February 2007

page 35/40

Appendix C: Ground Current Pollution Bill 143, Ontario Legislative
Assembly, 2006.
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Appendix D: Resolutions & Positions taken by Scientists/Physicians
Irish Doctors Environmental Association [IDEA] 2006
IDEA Position on Electro-Magnetic Radiation 2006.
http://www.ideaireland.org/emr.htm
The Irish Doctors' Environmental Association believes that a sub-group of the population is
particularly sensitive to exposure to different types of electro-magnetic radiation. The safe levels
currently advised for exposure to this non-ionising radiation are based solely on its thermal
effects. However, it is clear that this radiation also has non-thermal effects, which need to be
taken into consideration when setting these safe levels. The electro-sensitivity experienced by
some people results in a variety of distressing symptoms which must also be taken into account
when setting safe levels for exposure to non-ionising radiation and when planning the siting of
masts and transmitters.
1. An increasing number of people in Ireland are complaining of symptoms which, while they
may vary in nature, intensity and duration, can be demonstrated to be clearly related to
exposure to electro-magnetic radiation (EMR).
2. International studies on animals over the last 30 years have shown the potentially harmful
effects of exposure to electro-magnetic radiation. In observational studies, animals have
shown consistent distress when exposed to EMR. Experiments on tissue cultures and rats
have shown an increase in malignancies when exposed to mobile telephone radiation.
3. Studies on mobile telephone users have shown significant levels of discomfort in certain
individuals following extensive use or even, in some cases, following regular short-term
use.
4. The current safe levels for exposure to microwave radiation were determined based solely
on the thermal effects of this radiation. There is now a large body of evidence that clearly
shows that this is not appropriate, as many of the effects of this type of radiation are not
related to these thermal effects.
The Irish Doctors' Environmental Association believes that the Irish Government should urgently
review the information currently available internationally on the topic of the thermal and nonthermal effects of exposure to electro-magnetic radiation with a view to immediately initiating
appropriate research into the adverse health effects of exposure to all forms of non-ionising
radiation in this country, and into the forms of treatment available elsewhere. Before the results
of this research are available, an epidemiological database should be initiated of individuals
suffering from symptoms thought to be related to exposure to non-ionising radiation. Those
claiming to be suffering from the effects of exposure to electro-magnetic radiation should have
their claims investigated in a sensitive and thorough way, and appropriate treatment provided by
the State.
The strictest possible safety regulations should be established for the installation of masts and
transmitters, and for the acceptable levels of potential exposure of individuals to electro-magnetic
radiation.
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Benevento Resolution 2006 & Catalina Resolution 2002
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Appendix E: Precautionary Principle
COURT OF APPEAL FOR BRITISH COLUMBIA
Citation:
Tsawwassen Residents Against Higher Voltage Overhead Lines Society v. B.C. Utilities
Commission,
2007 BCCA 95
Date: 20070212

Docket: CA034328; CA034336; CA034341; CA034342
Docket: CA034328
Between:
Tsawwassen Residents Against Higher Voltage Overhead Lines Society
Appellant
And
The British Columbia Utilities Commission and
The British Columbia Transmission Corporation and
The British Columbia Hydro and Power Authority
Respondents
Before:
The Honourable Madam Justice Prowse
The Honourable Madam Justice Huddart
The Honourable Madam Justice Kirkpatrick
J.J. Arvay Q.C.
Counsel for the Appellant,
(CA034328)
No one appearing
Counsel for the Respondent,
B.C. Utilities Commission
D.G. Cowper, Q.C., A.W. Carpenter
and C. Buistrom
Counsel for the Respondent,
B.C. Transmission Corporation
C.W. Sanderson, Q.C. and M. Storoni
Counsel for the Respondent,
B.C. Power and Hydro Authority
Place and Date of Hearing:
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Vancouver, British Columbia
25 January 2007
Place and Date of Judgment:
Vancouver, British Columbia
12 February 2007
Written Reasons by:
The Honourable Madam Justice Huddart
Concurred in by:
The Honourable Madam Justice Prowse
The Honourable Madam Justice Kirkpatrick
Reasons for Judgment of the Honourable Madam Justice Huddart:
[1]
This application to vary an order of a chambers judge centres on the question whether
the “precautionary principle” is a rule of statutory construction that must be applied to
environmental legislation.
[2]
The issue was not framed in quite this way before the chambers judge when she
denied leave to appeal on this issue:
The Commission erred in law by failing to apply the precautionary principle or the principle of
prudent avoidance in interpreting sections 45 and 25 of the [Utilities Commission] Act.
[3]
The applicant acknowledges the meaning and application of the precautionary
principle are controversial in academic literature and little discussed in jurisprudence. That debate is
reflected in the submissions on this application and the materials provided to us that were not before
the Commission or the chambers judge. The precautionary principle considered in 114957
Canada Ltée (Spraytech, Société d’arrosage) v. Hudson (Town) was expressed in the Bergen
Ministerial Declaration on Sustainable Development (1990), [2001] 2 S.C.R. 241 at para. 7:
In order to achieve sustainable development, policies must be based on the precautionary principle.
Environmental measures must anticipate, prevent and attack the causes of environmental
degradation. Where there are threats of serious or irreversible damage, lack of full scientific
certainty should not be used as a reason for postponing measures to prevent environmental
degradation.
[4]
The essence of the applicant’s submission is that Levine J.A., like the Commission,
erred when she failed to recognize the applicants are seeking to extend the application of the
precautionary principle from the permissive rule discussed in Spraytech to a mandatory rule of
construction of provisions like ss. 45 and 25 of the Utilities Commission Act.
[5]
In my view, this is a pure question of law deserving of consideration by a panel. I
would vary the order of Levine J.A. to grant leave to appeal on this issue.
“The Honourable Madam Justice Huddart”
I agree: “The Honourable Madam Justice Prowse”
I agree: “The Honourable Madam Justice Kirkpatrick”
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