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EXECUTIVE SUMMARY

A cancer cluster has been reported in the Literature Building. Cases were reported
through the Department of Literature, based mainly orreplirts. DrCedricGarland
investigatedhis apparent cancer cluster and determined that there were abountds

more cases than expected based on the incidence in the California general population.
After considering some other exposures, Dr. Garland focuséelectromagnetic fields)

EMF as a culprit, particularly on the fields generated by the centoaiited elevator.

The Field Management Services (FMS) undertook an Extremely Low Frequency (ELF)
magnetic field survey of areas adjacent to electrical facilities which support operation of
hydraulic elevators ithe Literature Building. While some peak valug#s44 and 96 mG

were recorded, all measurements in the areas which people occupy were very low. As
expected, fields decay rapidly within 4 to 6 feet of the peak value and become less than 1

2 mG throughout most areabthe building.

Electric and maggtic fields are present in the environment as an inevitable consequence
of the use of electricity by society. They induce currents in the body which, at high

levels, can cause nerve stimulation. The field levels required to produce these effects are,
however, rarely experienced in the environment. In the Literature Building in particular,

present day measurements indicate very low average fields.

Magnetic fields are classified lblye International Agency for Research on Cancer

(IARC) andthe World Healh OrganizationWHO)a s fipossi bl y carcinogen
humanso based on studies of childhood | euken
studies. The evidence for magnetic fields causing any diseases other than childhood

leukemia ismuchweaker than thatelating to childhood leukemia. For breast cancer,

which has been investigated in several large EMF studies, the epidemiologic evidence,

particularly when based amell-designedstudies, does not support an association. This,

coupled with low fields cuently measured in the building, argues against EMF (and the

elevator) as a causative agent of the apparent cluster.
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Cancers can and do occur by chance alone and differentiating between those that have
occurred by chance and those that might have armmntause is often difficult. The

most productive studies of clusters have been those of extremely rare diseases or of
diseases with markedly changed patterns. In addition, these studies have often involved
high-level and relatively weltlefined exposusee However, these circumstances or

cluster characteristics are fairly uncommon. Most cluster investigations involve a great
deal of uncertainty and, complicating matters, must be performed in a politballged
environment. This uncertainty adtenthe result of small numbers, poorly identified

study populations and vague definitions of exposure and disease. Furthermore, these
types of investigations are extremely susceptible to bias and, therefore, statistical
inference is quite difficult (Kheifefd993). Except for the disease definitiorg th

apparent Literature Buildinguster exhibits all of the problems identified. Nevertheless,
based on the currently available data there appears toiberease in risk of breast

cancer amongwomeninliget ur e bui l ding. Since Dr. Garl an
been diagnosed for a total of ten cases of breast cancer reported in women who worked in
the Literature Buildingrom 19910 thepresent. One of the cases was diagnosed shortly
after moving intahe building in 1991 and three of the cases were diagnosed after they

left employment.

Whenincomplete data do not allow us to dismiss an increased risk completely, such as
the case here, a next step to gather and study more complete data mightitedvarra
Only a comprehensive epidemiologic study can evaluate the true risk in the Literature
Building. In addition, such a study can include information on other risk factors for
breast cancer, comprehensive measurements of magnetic fields and invastigatier
exposures. Such a database will also form a basis for future surveillance should that be
needed. No matter what is done, the study would be limited by small nu@lstsr
investigations rarely identify the cause of the clusiéeverthelss, the study would be

able to decrease uncertainty aniigatesome biasesand includdurther measurements

to addressheconcerns of the occupantBased on EMF measurements conducted in the

building, | believe thashielding is not warranted
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I. INTRODUCTION

Given the ubiquitous nature of extremely low frequency (ELF) electromagnetic fields
(EMF), there is concern regarding their potential to adversely affect health. Numerous
health effects have been studied in relation to EMF exposure: camaductive

disorders, as well as neurodegenerative and cardiovascular diseases. Cancer, especially

childhood cancer, has received the most attention.

EMF are imperceptible, ubiquitous, have multiple sources, and can vary greatly over time
and short ditances (Bracken et al., 1993) the absence of a biological mechanism,
exposure assessment of EMF has varied over the years. Epidemiologic studies in the last
decade have employed improved exposure assessment methods. Most of the
epidemiologic studie use the timaveighted average (TWA) measurement to

characterize exposure. Furthermore, with technological advances and increased study
sample size, higher exposures, i.e. > 4 mG, are being explored. Although epidemiologic
evidence is not conclusive,ig generally agreed that the possibility of a causal

association between EMF and adverse health outcomes cannot be excluded and that
epidemiologic studies of childhood leukemia provide the strongest evidence of an

association.

Epidemiologic evidence israajor contributor to the understanding of the potential
effects of EMF on health. The International Agency for Research on Cancer (IARC)
classified EMF as a fipossible human carcinog
2002) his classification was mogtbased on consistent epidemiological evidence of an
association between exposure to these fields and childhood leukemia and laboratory
studies in animals and cells, which were not supportive of exposkMFaausing
cancer.Although the body of eviderds 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 weijtar
epidemiological studies have looked at aawednge of other health effects in relation to
magnetic and electric fields, sometimes finding associations and sometimes not, but

without the same consistency as exists for childhood leukaemia and magnetic fields. For
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breast cancer in particular, theearch began with a biological hypothesis, namely that
EMF and light at night can affect breast cancer through suppression of melatonin. While
some early studies appear to have been supportive of the hypothesis, more rigorous
epidemiologic studies thabfowed showed no effect, thus major scientific bodies who
recently revewed the literature conclude that EMF fields are not involved in the

development of breast cancer.

In this report, | begin with what is known about breast cancer. | also provides deta
exposure to EMF that occurs in both occupational and residential settings. Then | review
the state of science for EMF and breast cancer, including binefiyro and toxicologic

data, followed by a more detailed presentation of epidemiologieestol EMF and both

male and female breast cancer. The review portion is concluded with conclusions of

major reviews and policies adopted worldwide.

The second portion of the report examines
report on the gparent cancer cluster in the UCSC Literature Building and the Field

Management Services (FMS) measurement report.

The final section of this report focuses on possible ways forward, such as measurement
programs, a potential epidemiologic study, and priamaary measures. This report is
longer and more detailed than initially expected to give management and staff as much
information as possible to help interpret the results and to decide what action might be

taken.

pr
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Il. EMF and BREAST CANCER REVIEW

1. Breast Cancer Rates and Risks

Breast cancer is the most commonly occurring malignancy in women in the U.S. One in
eight women will develop breast cancer over her lifetime (see National Cancer Institute:
http://www.cancer.gov/cancertopics/factsheet/Detaefpimbabilitybreastcancer and
breastcancer.org) A considerable body of epidemiologic research has identified
numerous factors that affect the risk of developing breast cancer in females. The disease
occurs most frequently among whites, women of uppeial class, women without

children or with few children, and those who had their first child at a late age. Other risk
factors include early age of menarche (menses), late age of menopause, obesity for
postmenopausal women, proliferative fibrocystsedise, and a first degree relative with
breast cancer, especially if it was diagnosed at a young age. Considerably less is known
about male breast cancer, but indications are that genetic and environmental factors
including obesity, familial history, anehdocrine factors play a causative role.

Occupational studies indicate elevated rates of breast cancer among men in such jobs as

newspaper printing, soap and perfume manufacturing, and health care.

Breast cancer incidence rates are highest in North Amand northern Europe and

lowest in Asia and Africa. Until recently, the search for possible explanations of this
pattern had focused on the differences in dietary and reproductive patterns of women in
societies with different degrees of industrializatidcHowever, the role of diet in the

etiology of breast cancer remains uncertain and reproductive risk factors apparently

account for only a fraction of the excess disease reported in modernized societies.

It has been proposed that one factor contributinipe greater occurrence of breast
cancer in industrialized compared to Aodustrialized societies is the use of electric
power and higher exposures to light at night or to magnetic fields. Stevens (1987)

hypothesized that EMF and light at night céfieet breast cancer through suppression of

mel atoni n. In 206WODTrlkAR® adl a snwiofl iveeds fcd hricfatd i

{
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Aprobably carcinogenic to humanso (Group 2A)
humans for the carcinogenicity of safbork t hat i nvol ves night wor k.
evidence in experimental animals for the carcinogenicity of light during the daily dark

period (biological ni ght) o.

The timedelay, between the putative exposures and the diagnosis of clinical cancer, is
called the "incubation period" or the "latency period." Breast cancer has latency between

10-40 years and is likely to vary among individuals and for exposures.

2. Sources and Environmental Levels

Extremely low frequency electmagnetic fields (ELF EMF)ra associated with all

aspects of the production, transmission, and use of electricity. The fields are
imperceptible to humans and are ubiquitously present in modern societies. Fields exist
wherever electricity is used, following well established lawglgyfsics; it is not possible

to use or to transmit electricity without producing EMFs.

At power frequencies (60 Hz in the US) the two fields, electric and magnetic, are

essentially separate entities. Electric fields are produced by voltages and aeaded¢p

of the current; magnetic fields depend on current and are independent of voltage. Both

decrease with increased distance from the source. In practical electrical circuits, where
there has to be a figoodo and Aysiaktseparaion,of bot h f i
the component conductors. A key difference is that electric fields are perturbed by

conducting objects; in particular, the electric field produced by a source outside a home is

largely screened inside the home by the building strectivtagnetic fields are perturbed

very little by normal building materials or by human beings.

Typical residential exposure levels are under 10 V/m. In the immediate vicinity of
electric appliances, exposure levels can reach as high as several huh@ffeds o
whereas exposure levels immediately under4ggision power lines can reach several

kilovolts per meter (kV/m) i.e. several thousand V/m.
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Typical residential exposure levels are around 1 mG. In the immediate vicinity of
electric appliances thare in use, magnetic fields could be as high as several thousands
of mG but are usually only of short duration. Average magnetic field exposures in the
workplace have been found to be higher in electrical occupations which include power
and telephone lineorkers, electricians, and electrical engineers, among others, than in
other occupations such as office workers. Exposures range fdm@ for electricians

and electrical engineers to approximately 10 mG for power line workers, and above 30

mG for welcers, railway engine drivers and textile workers.

Powerf requency magnetic fields are wusually sub
field and can therefore be regarded as a ripple superimposed on top of it. For any

biological effect that depered on the total field, the result, averaged over times longer

than a single cycle, would, to first order,
field could have at most only a secemdler effect. But any biological effect that

depended speatally on the alternating component would, of course, not be affected by

the earthoés field.

2.1 Sources of exposure

The commonest source of magnetic field in homes, present wherever there is an

electricity supply, is the lowoltage distribution wiringarrying electricity to the home.

Sometimes the field is dominated by currents in the wiring within the home. Most
countries wire their distribution systems 1in
currents in each circuit not being exactly eqtfaye is an oubdf-balance current, and it

is principally these owdf-b al ance currents, usually call ed
that produce the field. This Abackgroundo f
every home and does not greatly dependvhether the distribution wiring is overhead or

underground.
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In addition to the background field, there are localized areas of higher magnetic field
produced by domestic electrical appliances when they are operating, usually falling to
background level within a meter or so of the appliance. The field from domestic
appliances is experienced only when quite close to them, and in most cases, exposure is
therefore of short duration. Therefore, although appliances usually provide the highest
instantaneousxposure of an individual to powéequency fields over the course of a

day, timeaverage exposure from them is limited, being estimated variously as 50% or
less of total timeaverage exposure. However, mobile phones (which produce ELF as
well as radiefrequency fields) and computers are increasingly used for long periods close

to the body and may now contribute more to tawverage exposure.

Magnetic fields are also produced by highitage transmission lines. Fields from such
lines typically fall tobackground levels within 100 m or less. Only a small fraction of
homes are this close to such lines, but for homes which are, thedtigbe power line

becomes the principal source of the magnetic field inside the home.

Electric fields from sources taide the home are less significant inside the home because
of screening by the building materials. Therefore, electric fields in homes come mainly
from internal sources, such as house wiring and appliances, and tend to be more variable

over the area ohe home than magnetic fields.

For adults at work in certain occupations, exposure can be significant, but many do not
encounter major sources of exposure outside the home. In office buildings, computers
and copy machines are common sources of magmetis.f Power distribution facilities

and large motors used to drive building air conditioning systems can also contribute
significantly to the magnetic field environment. In factories, high magnetic fields are
encountered near large electric machines;tatal heating equipment, and other high

currentcarrying devices.

Average exposures have been found to be high

occupations such as office work (see above). Much less is known about exposures in
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nonelectricd occupations; little data, if any, is available for many jobs and industrial
environments. Of note in the few surveys conducted are high exposures among railway
engine drivers (about 40 mG) and seamstresses (about 30 mG). The best information on
work exposures among the general population is available in a survey conducted by
Zaffannela (1993). The survey included 525 workers employed in a variety of
occupations. The largest geometric mean (16 mG) for the distributions of the average
magnetic fields dring work occurred in electrical occupations and in service

occupations. Technical, sales, and administrative support positions had a geometric mean
of 1.1 mG; managerial and professional specialty occupations, 1 mG. Work exposures
were often significatty higher and more variable than other exposures; people spent
significantly more time, for example, in fields exceeding 16 mG at work than at home.
Nevertheless, average work exposures for the general population are low, with only 4%

exposed to magnetfields above 5 mG.

2.2 Difficulties in exposure assessment

That assessment of exposure is a major weakness of epidemiologic studies of EMF is not
surprising, because several factors make assessment of EMF exposure more difficult than
assessment of mayher environmental exposures. Magnetic fields are variable in time
and space and our understanding of the contributions of the multitude of different sources
to total exposure is limited. EMF exposure is ubiquitous, but neither detectable nor
memorablan most circumstances. The difficulties in exposure assessment are further
exacerbated by the retrospective nature of most EMF epidemiologic research, as many
diseases have long latency periods. To quantify past exposure that was unnoticed and
unmeasure, epidemiologists rely on surrogate measurements or indicators of exposure.
The surrogates used to study EMF have included wire codes, occupational job titles,
guestions regarding appliance use and present day measurements. Further, some studies
must rdy on information provided by proxy respondents, if the study subject has died or

has been incapacitated.
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Although occupational exposures are generally much higher than exposures encountered

el sewhere, they are usual |legydd |Iwvecertk enrgs. d dlamoyt

encounter high fields for hours, but rather, for seconds or minutes at a time while
working. When we consider EMF exposure integrated over time, the brevity of high
exposures in most work places and the large amount of time the iraisfknds in non
occupational environments combine to wash out the distinctions between the supposedly
Ahi ghly exposedo occupational groups and
not have enough separation between high aneekposure groups tetect an effect of

EMF exposure if we rely on tirn@eighted averages.

Because EMF exposures are complex, numerous parameters have been used to
characterize them, including transients, harmonic content, resonance conditions, peak
values, as well as avgalevels. It is not known which of these parameters or what
combinations of parameters, if any, are biologically relevant. If there were a known
biological mechanism of interaction for carcinogenesis, it might be possible to identify
critical parameteref exposure, including the relevant period or timing of exposure.
Furthermore, environmental EMF is not detectable by the exposed person, nor is it
memorable. Because it is ubiquitous, exposure assessment has to separate the more
exposed from the lesggosed, a much more difficult task than simply delineating the
exposed from the neexposed. There is also a considerable degree of variability in
exposure in both the sheend long terms, both of which are influenced by the

variability in exposure ovespace, for example occupational versus household exposure.

All of these difficulties with EMF exposure assessment are likely to have led to
substantial exposure misclassification, which is likely, in turn, to interfere with detection
of an associatiobetween exposure and disease (if indeed such an association exists). In
particular, if the true association is small or moderate, it will be difficult to detect with

this amount of measurement error.

t

he
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3. EMF and Breast Cancer

3.1 In vitro

The maininterest in this area was caused by the claim that exposure to magnetic fields
can block the inhibitory effect of melatonin on growth of breast cancer cells. The
original work was reported by Liburdy et al. (1993) in a study using a human oestrogen
respasive breast cancer cell line (M&F. They found that the proliferation of MCF

cells can be slowed by the addition of physiological concentrations of melatonin (1 nM).
However, if the cells are simultaneously exposed to a 60 Hz, 12 mG magnetithéeld,

the effect of melatonin on the rate of proliferation is reduced. The effects are fairly small
and can only been seen after 7 days in culture. They suggested that the magnetic field
disrupted either the ligand/receptor interaction or the subsedgeatisg pathway. The
authors found no effect at a magnetic field strength of 2 mG and suggested a threshold
between 2 and 12 mG. No effect was seen using field exposure alone. A similar effect of
a 60 Hz field was reported by Harland and Liburt997) but using tamoxifen (100 nM)
rather than melatonin to bring about the initial inhibition. The effect has been reported in
other cell lines, namely a sewbbreast cancer cell line, T47drland et al., 1998and

a human glioma cell line 5F75Afgal et al., 1998 However, the effect seen in the

initial study (Liburdy et al., 199Bwas small (1020 % growth over 7 days) and some
concern was noted regarding the robustness of the effecA@¢kR, 2001b; NIEHS,

1998.

Blackman et al.Z00]) set out to replicate these findings, using the MGtells supplied

by Liburdy, but with a modified and improved experimental protocol. Melatonin caused
a 1P inhibition of MCF7 growth which was abolished by exposure to a 60 Hz
magnetic field at 12 mG, confirming the results of Liburdy et al (1993). In addition,
Tamoxifen caused a 25% inhibition in cell numbers, which was reduced to a 13%
inhibition by exposare to a 60 Hz magnetic field at 12 mG. This result confirmed the
results reported by Harland and Liburd®97), in which a 40% inhibition was reduced

to 25% by EMF exposure. A later study by Ishido et200(0) exposed MCH cells
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(supplied by Liburdy) to 0, 12 or 1000 mG at 50 Hz for 7 days. Melatdnin a
concentrations of 20 M or higher, induced inhibition of intracellular cyclic AMP which
was blocked by exposure to a 50 Hz field at 1000 mG. Similarly DNA synthesis, which
was inhibited by 141 M melatonin levels, was partially released by exposut2 aiG.

However, although the MGF cell line has undoubtedly provided a useful model to
investigate effects on isolated breast cancer cells it is only one possible model in cells
that have been separated from their natural environment, and therefioygitation for
breast cancer in general is limited. The cell line is rather heterogeneous; different sub
clones show different growth characteristics (euhen & Morgan, 1998; Morris et al.,
199§ raising the possibility that the effects were specific to individual sub clone
phenotypes. The effects of stronger magnetic fields stecked by Leman et akRQ01)

in three breast cancer cell lines that were reported to have different metastatic
capabilities: MDAMB-435 cells, which were considered to be highly metastatic, MDA
MB-231 cells which were considered toveakly metastatic, and MGF cells, which

were considered as nanetastatic. Only the weakly and noretastatic cells responded

to melatonin and optimum inhibition was achieved at 1mM concentration of melatonin (a
million-fold higher than used in the Likdy study). Exposure for 1 h to a pulsed field at
3000 mG repeated for 3 days had no effect on growth in either cell line.

The results of volunteer studies, as well as residential and occupational studies, suggests
that the neuroendocrine system is ribteasely affected by exposure to povilequency
electric and/or magnetic fields. This applies particularly to the circulating levels of
specific hormones of the neuroendocrine system, including melatonin, released by the
pineal gland, and a number of hnes involved in the control of body metabolism and
physiology, released by the pituitary gland. Subtle differences were sometimes observed
in the timing of melatonin release or associated with certain characteristics of exposure,
but these results weret consistent. It is very difficult to eliminate possible

confounding by a variety of environmental and lifestyle factors that might also affect

hormone levels. Most laboratory studies of the effects of ELF exposure ostimght
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melatonin levels in veinteers found no effect when care was taken to control possible

confounding.

The effects of ELF exposure on melatonin production or release in isolated pineal glands
were variable, although relatively few in vitro studies have been undertaken. The
evidence that ELF exposure interferes with the action of melatonin on breast cancer cells
in vitro is intriguing and there appears to be some supporting evidence in terms of
independent replication using M&rcells. However this system suffers from the
disadantage that the cell lines frequently show genotypic and phenotypic drift in culture

that can hinder transferability between laboratories.

3.2 Laboratory animal studies

3.2.1 Mammary Tumors

The induction of mammary tumors in female rats has beehasse standard assay in the
investigation of potential carcinogenesis, often using carcinogens such as DMBA as an
initiator and promoter in the twstage initiator/promoter model of carcinogenesis. Four
groups of researchers have investigated the eié&&F magnetic field exposure on the
incidence and the development of chemicallyuced mammary tumors.

Beniashvili et al. (1991) found an increased incidence and shortened tumor latency with
EMF exposure for 3 h per day, but not with 0.5 h per ddye @xperimental details were,
however, presented very briefly, which hinders evaluation of the study. Similar results
have been reported in a series of mediamm studies of magnetic field effects on

DMBA -induced mammary tumor incidence carried out bgdh@r and colleagueBgdum

et al., 1995; Loscher et al., 1993; Loscher et al., 1B8dcher et al., 1997; Léscher &
Mevissen, 1995; Mevissen et al., 1993a; Mevissen et al., 1993b; Mevissen et al., 1996b;
Mevissen et al., 1996a; Mevissen & Hauldler, 998ese authors reported significant
increases by chronic EMF exposure in the iank of palpable tumors (detected during

exposure) and macroscopically visible tumors (detected duringrpsém
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examination) (6scher et al., 1993; Mevissen et al., 1996Bhey found a linear dose

response relationship over the fldensity rangeidl 0 mG up to 1,000 mG@.dscher &
Mevissen, 1995 Nosignificant effect on tumor incidence could be found following a

full histopathalogical analysis for exposure at 1,000 & et al., 1995; Loscher et

al., 1994. Loscher and Mevisset 995 argued that magnetic field expwe does not

alter the incidence of neoplastic mammary lesions but accelerates tumor growth, thus
enhancing the number of tumors macroscopically visible when the rats are sacrificed. In
addition, Baum et al1095 reported that there was a statistically significant increase in

the number of rats with mammary gland adenocarcinomas that had been exposed to 1,000
mG. However, the total number of malignant tumors in the exposed group was not

significantly increased.

A replicate study at 1,000 m®&1evissen & Hauliler, 1998eported that the incidence of
macroscopicallyvisible tumors in the shaexposed group was almost double the
incidence in the earlier study. This was carried out at a different time of the year and
seasonalnfluences were reported to occMdvissen & Haul3ler, 1998 A re-analysis of

all of these data showed a statistically significant linear correlation between increase in
tumor incidence and magnetic flux densit§efvissen & HauRRler, 1998 More recently,
these authorsThun-Battersby et al., 1999eported a significantly increased incidence of
mammary tuma following 1,000 mG exposure for 27 weeks following initiation by a
single dose of 10 mg DMBA.

In an attempted replication study of the 1,000 mG exposure by L6d&8),(Anderson
et al. (999 and Boorman et al10993 found no evidence that magnetic field exposure
was associated with an earlier onset or an increased multiplicity or incidence of
mammary tumors. There were, however, clear differences in the responsiveness to
DMBA of the rats used in the repéiton study Anderson et al., 1999; Boorman et al.,
19993 compared to those usey boscher and colleagues and there was a variety of
differences in the experimental protocom@erson et al., 2000; Léscher, 2001
Ekstrom efal. (1998 found no effect on DMBAnduced mammary tumancidence in

the same rat stirafollowing prolonged exposure to intermittent poviiguency
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magnetic fields. There were no statistically significant differences in the number of
tumor bearing animals and no differences in the total number of tumors between the

different groups. Imaddition, the rate of tumor appearance was the same in all groups.

In their most recent studyédrowitz et al., 2004the Léscher group tested the

hypothesis that the different results are explained by the use of differesirauns of

Sprague Dawley rats. Exposure to a 1,000 mG, 50 Hz magnetic field enhanced
mammary tumodevelopment in one stgirain, but not in another that was obtained

from the same breeder. The tumor data were supported by the finding that exposure to an
ELF magnetic field increased cell proliferation in the mammary gland of the sensitive

sub-strain,but no such effect was seen in the insensitivessiain.

Thus three independent largeale studies of rats provided no evidence of an effect of
ELF magnetic fields on the incidence of spontaneous mammary tumors. A substantial
number of studies have@mined the effects of ELF magnetic fields on chemieally

induced mammary tumors in rats. Inconsistent results were obtained that may be due in
whole or in part to differences in experimental protocols, such as the use of speeific sub

strains.

3.2.2 Melatonin

From the large number of animal studies investigating péieguency EMF effects on

rat pineal and serum melatonin levels, some reported that exposure resultedtimeight
suppression of melatonin. The changes in melatonin levels firsivelserearly studies

of electricfield exposures up to 100 k\hcould not be replicated. The findings from a
series of more recent studies which showed that circepelrized magnetic fields
suppressed nigtiime melatonin levels were weakened by prapriate comparisons
between exposed animals and historical controls. The data from other magnetic fields
experiments in laboratory rodents, covering intensity levels over three orders of
magnitude from a few tens of mG to 5 mT, were equivocal, with sesudts showing

depression of melatonin but others showing no change. In seasonally breeding animals,
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the evidence for an effect of exposure to pefsequency fields on melatonin levels and
melatonindependent reproductive status is predominantly negatio convincing

effect on melatonin levels has been seen in a study ehae@an primates chronically
exposed to powdrequency fields, although a preliminary study using two animals

reported melatonin suppression in response to an irregular andiitéetrxposure.

3.3 Epidemiology

Epidemiologic investigations addressing the potential link between breast cancer and
exposure to magnetic fields include occupational and residential studies that examine
breast cancer risk in relation to proximitydlectric installations and the use of electric
blankets.

3.3.1 Female Breast Cancer

3.3.1.1 Residential Exposures

Several studies of residential exposures examined risk of breast cancer in populations
residing near power lines. One of these stuiiesd an association between et not
postmenopausal breast cancer and wiring configuration. (Wertheimer et al., 1982) The
other two studies (McDowall et al., 1986; Schreiber et al., 1993) did not detect any

associations.

Davis et al. 2002 conducted a cassontrol study in the greater Seattle, Washington

area. Expose to magnetic fields was estimated by both direct measurement and wire

code configuration. Continuous-#®ur measurements of magnetic field in the bedroom

of each personés current residence were done
broadband (40800 Hz) and harmonic (10800 Hz) magnetic fields at i%intervals.

Three variables based on broadband magnetic field measurements were constructed by
averaging over two nights: (1) mean niginte (10 pm to 5 am) bedroom magnetic field,;

(2) proportion oightt i me bedr oom magnetic field measur
shortterm variability in the nightime bedroom magnetic field based on grouping of

measurement data into-hdin intervals. The wireoding scheme of Wertheimer and
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Leeper(979wasused to classify the participantods <c
residences occupied for at least six consecutive months within the greater Seattle

metropolitan area in the 5 and 10 years prior to diagnosis of breast cancer. Wire codes

were orderedli 5) according to their respective-lme nighttime mean magnetic field
measurements using data from the controls. In addition, a questionnaire provided data on

use of electrical appliances in the home. The magnetic field analyses included 744 (of

813 cases and 711 (of 793) controls. None of the metrics of meantinnghinagnetic

field exposure was associated wi B8)dir east ca
the percentage of magnetic field m&asur ement
(95% CI: 0.7 1.8). For the mean nighime bedroom broadband magnetic field treated as

a continuous variable, the adjusted odds ratio per 1 mG was 1.04 (95% C1.0297

No associations were found after stratification by age, menopausal oeestecgptor

status. There was also no association with wire codes either from current configuration

or a weighted score for wire codes at residences over the previous 5 or 10 years. For wire

codes at home of diagnosis (or reference date for contras)gdtts ratio for very high

versus very low current configuration was 0.8 (95% CIi 0.5). Further analysis of this

study, published in 2006 confirmed lack of association between breast cancer and

magnetic fields.

London et al. 2003 carried out a nested casentrol study bresidential exposure to
magnetic fields among a cohort of African American, Latina and Caucasian residents in
Los Angeles County, aged 4B4 at recruitment, selected primarily from the file of

licensed drivers. Incident breast cancer cases from 199D®were ascertained by
linkage to state tumor registries. Wiring configuration codes were derived according to
the scheme of Wertheimer and Leed@79 in homes occupied at time of diagnosis (or
reference date for controls) and over the pnevib0 years. Sevatay measurements of
magnetic fields in the bedroom were obtained using an EMDEX Il meter, to include both
broadband (4800 Hz) and harmonic (10800 Hz) magnetic fields sampled at 120
intervals. The primary magnetic field measuretmeatric was the nighime mean

based on questionnaire response for each participant concerning usual times of going to

bed, obtained separately for weekdays and weekends. Three variables based on magnetic
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field measurements (separately for broadbandhanehonic fields) over nigkiime hours

for seven days were constructed: (1) mean g bedroom magnetic field; (2)

proportion of night i me bedr oom magnetic field measuren
term variability in the nightime bedroom magnetiteld. Wire configuration codes for

address at diagnosis (cases) or reference date (controls) were available for 743 (of 751)

cases and 699 (of 702) controls, anday measurements of magnetic fields in the

bedroom for 347 cases and 286 controls. Ndrileeometrics of mean nighime

magnetic field exposure (broadband or harmonic fields) was associated with breast

cancer risk; adjusted odds ratios compared with mean-tigbtbedroom broadband

exposure 4 mG were 1.1 (95% CI: 0.43.8) for mean nightime bedroom broadband

exposure P2,9 mG (11 cases), 2.1 (95% CI: 0.3%) for 3,03.9 mG (8 cases), and 1.2

(95% CI: 0.503.0) formeannight i me bedr oom br @G &rd exposul
mean nightime bedroom broadband magnetic field treated am@ntmus variable,

adjusted odds ratio per 1 mG was 1.0 (95% CI:idl®¥%). No associations were found

after stratification by age, menopausal or estrogen receptor status, or other potential effect
modifiers. There was also no association with wire cettesr from current

configuration or a weighted score for wire codes at residences over the previous 10 years;

for wire codes at home of diagnosis (reference), adjusted odds ratio for very high versus

very low current configuration was 0.76 (95% CI: 0.249.8).

Schoenfeld et al2003 carried out a caseontrol study of EMF exposure (EBCLIS)

within the Long Island Breast Cancer Study Project (LIBCSP) of evounder 75 years

at enrollment, identified between August 1996 and June 1997, who had lived in the same
Long Island home for at least 15 years. Both spot (front door, bedroom and most lived
room) and 2éour measurements (bedroom and most hwedom) were collected

using EMDEX Il meters programmed to record both broadbarid(®Hz) and

harmonic (100800 Hz) magnetic fields sampled as &tervals for the spot

measurements and-Bantervals for the 2éhour measurements. Grouodrrent

magnetic field measurements were also obtained. Wiring maps were obtained and used to
classify homes according to the modified method of Wertheimer and Lé&pahgimer

& Leeper, 1979 Questionnaire data on electrical appliance use was reported in Kabat et
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al. 2003. None of the exposure metrics was associated with risk of breast cancer. For
24hour measurements in the bedroom72adjusted
mG) versus lowest quartile broadband magnetic field was 0.97 (95% Qi101%and

for the mean of the spot measurements it was 1.15 (95% Ci:1069Zhighest quartile

01. 45 mG) . For est i2mGt(msed gn eneas-bbara | exposur e
broadband measurements in bedroom and mostiiivesbm and teskoad coefficient for

most livedin room) compared with < 0.39 mG, adjusted odds ratio was 1.08 (95% CI:

0.77 1.5). For the wire code configuration, adjusted odds ratio for very high current

configuration compared with underground/very low current configuration was 0.90 (95%

Cl: 0.54 1.5).

Kliukiene et al. 2004 carried out a nested casentrol study of female breast cancer

within a nationwide cohort in Norway. This comprised all women aged 16 or over who

on November 1, 1980, or on January 1 of at least one of the years between 1986 and 1996
were living in a residence within a defined corridor near highage power lines

(corridor distances ranging from 40 m for 33 kV lines to 300 m for 420 kV lines). The
cohort included around 5% of all women in Norway during 19896; cases (n = 1,830)

with invasive breast cancer were identified for this period from the national cancer

registry. Two controls per case (3,658 in total) were selected randomly from the cohort
according to the following criteria: born within 5 years of the case, free of loeasgr

and alive at time of diagnosis, and from the same municipality as the case at entry into

the cohort. Exposure to magnetic fields from the iglage lines was estimated from

1967 based on residential address. Utilizing a computer program (Testeeipped at

SINTEF Energy, Norway, the estimates accounted for height of the towers, distance
between phases, ordering of phases, distance between power line and a house, and mean
load on the power line during each year that a study participant litbd house.

Distances of houses from the power lines were checked on maps for the half of the
corridor nearest the line. Tirveeighted average residential exposure to magnetic fields
from the lines was estimated, both from 1967 and for the last 5 ydars deagnosis of

a case. Occupational exposure was estimateda scale from 1 (4 h exposure at > 1

mG per we 24k expdsure aB: mGQer week) based on a jolexposure
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matrix from information on job title provided at decennial censughi® period January

1, 1955 (based on 1960 census) until date of diagnosis (assuming working @ge 18

years). A cumulative categooy occupational exposure measure was then calculated.

For combined residential and occupational exposure (based onchg&6and 2,597

controls with available data), women were considered exposed H#maighted average

resi dent i 8.15mé and acsupatiopal éXposurd8C-categoryyears. For

residential exposure in most recent 5 years, the odds ratio (alffaggs)e-weighted

average exposure O 220)n6Gddsr ratiaaS50yea®wdsd.8 % CIl : 1.
(95% ClI: 1.22.8) and at 50 years 1.6 (95% CI: 1i.2.0). Odds ratios for timeeighted

average exposure of 05. 9 mG wer e si dimB.&Frort cO t2h arsGe ft chre G
ratio for the total period (all ages) was 1.4 (95% CIi 1.8). For women with highest

estimated occupational exposure compared with the lowest, odds ratio (all ages) was 1.1

(95% CI: 0.91.4). For combined residential and ocdigu@al exposure, the odds ratio

(all ages) was 1.3 (95% CI: 08.1) based on 26 cases. There was no statistically

significant increase when residential and occupational exposures were considered

together, but numbers were small. No measurements of tafielels were undertaken

for persons included in the study. Occupational data were available for 71% of cases and
controls. There was only limited control for confounding: age at birth of first child,

education, type of residence.

Thus importantly, far recently completed large and well conducted breast cancer
residential studies found no association with exposure to electric or magnetic fields
(Davis et al., 2002; London et al., 2003; Schoenfeld et al., 2003).

3.3.1.2 Electric Blankets

Two earlycasecontrol studies (Vena et al., 1994; Vena et al., 1991) did not support the
hypothesis that the use of electric blankets increases the risk obppstmenopausal

breast cancer. Vena et al. (1994) combined these two studies and found elevated risk
among women who reported some use of blankets throughout the night (RR 1.5, 95% CI:

1.1-1.9) in the previous 10 years; however, the risk was not the highest among the highest
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exposure group, that is, those who reported daily use of the blankets in a&edson
continuously throughout the night for 10 years (RR 1.20, 95% Ci1.9)8

3.3.1.3 Occupational Studies

Few occupational studies of electrical workers included sufficient numbers of females to
address the potential association of occupational ExMisure and development of

breast cancer. Albeit based on small numbers, four studies found no elevation in risk of
breast cancer among females working in occupations with potential exposure to EMF as
compared to low exposure occupations (Guenel e1%03; Kelsh & Sahl, 1996; Vagero

et al., 1985; Vagero & Olin, 1983).

One large study (Loomis et al., 1994) used computerized mortality files from the

National Center for Health Statistics for the years 1985 to 1989. Death certificates
included the occugtion and industry in which the decedent usually worked, coded
according to the 1980 U.S. Census. Excluded were women whose occupation was listed
as "homemaker" and those whose death certificate provided no occupational data; these
two groups made up motiean half of the database. Seven electrical occupations used in
previous studies were included, along with seven other occupations presumed to have a
large number of female workers and some potential for abagkground EMF

exposure, such as computeogmrammers and telephone operators. All other occupations
were considered unexposed. Among 27,882 breast cancer cases and 110,949 controls, 68
cases and 199 controls had been employed in traditional electrical occupations. The
relative risk for breast ceer among those employed in electrical occupations was 1.4
(95% CI: 1.01.8). In a more detailed analysis, the association was the strongest for the
managerial/professional class, and for those 45 to 54 years of age. The relative risks for
the other oagpations with potential exposure were around 1.0 or lower. In a separate
analysis of the same data, but with a different approach to exposure grouping, Cantor et
al. (1995) did not find an association of female breast cancer and potential workplace

exposue to EMF.
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Epidemiologic studies based on death certificates alone have many limitations and are
considered to be of a preliminary nature. In such studies, the population at risk is
unknown. Thus, an apparent increase in the proportion of deaths fast bancer

among electrical workers may be due to an increase in the proportions of deaths from
other causes in the control group. The validity of the study results depends upon the
accuracy of the occupational information reported on death certifaatethe extent to
which job titles alone reflect exposure to magnetic fields. Also, the authors could not
adjust for many risk factors known to be associated with breast cancer, including
reproductive and family histories. Working in maleminated jobsnay have favored
nulliparity, delayed childbearing, or other characteristics related to risk of breast cancer.
The authors attempted to control for some of these characteristics by adjusting for social
class. However, it is not clear how effectively sbciass was determined, and at best, it

can serve only as a partial control for known risk factors of breast cancer.

Although some earlier registtyased studies provided some support for a possible
association between EMF exposure and female breastrc@theifets & Matkin, 1999),
the most recent very large study, which, importantly, incorporated exposure

measurements in female workers, did not find an association (Forssén et al., 2005).

A study of Forssén et aR@09 included 20,400 cases of female breast cancer (identified
through the regional cancer registry) and 116,227 controls framewaainfully

employed in Stockholm or Gotland County in Sweden between 1976 and 1999.
Exposure assessment was based on information about occupation obtained from the
population censuses from 1960 to 1990. Information about magnetic field exposure was
obtained from a jokexposure matrix derived from an electromagnetic field measurement
programme performed in Stockholm County between March 2001 and October 2002. It
included 49 of the most common occupations among women in Stockholm County
(around 85% offte gainfully employed women in 1980 census). Measurements were
made using an EMDEX Lite personal monitor, carried on a belt for 24 hours; volunteers
also completed a diary from which exposures at work could be estimated. Between five

and 24 participants @e measured in each occupation category. Exposure was estimated
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as the geometric mean of the tiweighted average. At all ages, compared with
reference (4 mG), the OR (adjusted for age, seemnomic status and year of
diagnosis) was 1.0 (95% CI:0L1.1) (11,369 cases) fori 1.9 mG; 1.0 (95% CI: 019
1.1) (3,243 cases) for 2.2.9 mG; and 1.0 (95% CI: 0.9.1) (814caes) for O 3.
Adjusted odds ratios were similar (all nsignificant) at < 0 a 50 gear®, and for

estrogen receptor positive and negative cases. Whereas earlier studies reported some
positive results, this study was largely negative and wasrlangd a better job exposure
matrix (based on measurements collected from women), and had more data available for

female occupations than the earlier studies.

3.3.2 Male Breast Cancer

3.3.2.1 Occupational Studies

As described earlier, many stadihave examined cancer in electrical occupations. As
part of that examination, many considered breast cancer as one of the outcomes. Male
breast cancer is so rare, and most of the studies are not based on sufficiently large
populations, so estimatesrigk for male breast cancer often are not included in tables of
results unless an excess risk has been observed (Vagero et al., 1985; Vagero & Olin,
1983; Guberan et al., 1989; Milham, 1985; Olin et al., 1985; Pearce et al., 1989; Spinelli
et al., 1991; Tmgqvist et al., 1986). This makes it difficult to evaluate the potential for
the excess risk of male breast cancer. Nevertheless, several reports (Guenel et al., 1993;
Demers et al., 1991; Floderus et al., 1994; Matanoski et al., 1993; Tynes & Andersen,
1990) are suggestive of a positive association, while negative results were reported by
Loomis (1992) and Camarano, (198%4he large studies of electrical workers (Sahl et

al., 1993; Theriault et al., 1994; Savitz & Loomis, 1995) did not identify angssxaf

male breast cancer.

For male and female breast cancer, the research began with a biological hypothesis

confirmed by some early studies. More rigorous epidemiologic studies that followed
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showed no effect, thus it appears that EMF fields are notves in the development of

breast cancer.

4. Reviews and Evaluations

During the past decade, a number of national and international expert panels, including
ones assembled by the U.S. National Institute of Environmental Health Sciences
(NIEHS), the Inernational Agency for Research on Cancer (IARC) and the World Health
Organization (WHO) have reviewed the evidence on the potential relationship between
exposure to ELF EMF and various adverse health outcomes (National Institute of
Environmental Health $ences, 1999; International Agency for Research on Cancer,
2002; World Health Organization, 2007). Evaluations by these expert panels generally
agree that shoterm, adverse effects do not occur at exposures to magnetic fields below
1000 mG. Current gdelinesare based on avoiding the risks to health that result from
the interaction of the induced fields and currents with electrically excitable nerve tissue,
particularly that of the central nervous system. For general public exposure, the reference
levels for power frequency electric and magnetic fields are of the order of 5kvV/m and
1000 mG respectively. These values are well above levels encountered in most

environments.

However, based on these intensive reviews, the NIEHS, IARC and WHO claksifred
magnetic (but not electric) fields as a fApos
carcinogen. Tis classification was based both on epidemiologic evidence showing a

consistent association between exposure to ELF magnetic fields and childhood leukemia

even though laboratory studies in animals and cells do not support an association between
exposure t&eLF magnetic fields andancer. The NIEHS assessment (but not the IARC

or WHO assessments) concluded that there was also sufficient epidemiologiceviden

for an association between adult chronic lymphocytic leukemia and occupational

exposure to ELF magnetic fields to warrant a classificatiomapa s si bl e human

carcinhogeno
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Below, | summarise conclusions of these International Organizations a®lieyto

breast cancer:

4.1 Summary and Conclusions from recent International Reviews:

National Institute of Environmental Health Sciences (NIEHS) 1999:

Some evidence exists for an association between brain cancers and exposure to ELF
EMF and betweereimale breast cancers and EEMF exposure; however, the studies
evaluating these associations are inconsistent and havedstotsheir interpretation,

making them inadequate for supporting or refuting an effect.

International Agency for Research on @ncer (IARC) 2002:

A There isimited evidencén humans for the carcinogenicity of extremely fow
frequency magnetic fields in relation to childhood leukaemia.

A There isinadequate evidende humans for the carcinogenicity of extremely fow
frequency magnetitelds in relation to all other cancers.

A There isnadequate evidende humans for the carcinogenicity of static electric

or magnetic fields and extremely lewequency electric fields.

California EMF Program (CADHS) Report 2002:

The reviewers used twdistinct sets of guidelines to evaluate the evidence for an
association between female breast cancer and EMF:
A Using the traditional guidelines of the International Agency for Research on
Cancer (1 ARC) the DHS Revi ewer &roagpi3nsi der ed
to implicate EMFs. This was also the opinion of review panels at IARC and the
National Institutes of Environmental Health Sciences (NIEHS).
A Using the guidelines developed by the California EMF program one reviewer was
ACl ose to t he tDvewindiBred ileivneng and not Bel i e
AProne Not to Believeo that EMFs increase

degree.
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UK Advisory Group on Non-ionising Radiation (AGNIR) 2006:

A recent review by the Independent concludes that tideeve to date does not support

the hypothesis that exposure to power frequency (ELF EMF) affects melatonin levels or

the risk of breast cancer.

World Health Organization (WHO) 2006:
i Su b s doghe ®ARE monograph a number of reports have beengheloli

concerning the risk of female breast cancer in adults associated with ELF magnetic field
exposure. These studies are larger than the previous ones and less susceptible to bias,
and overall are negative. With these studies, the evidence for aratissdoetween
ELF magnetic field exposure and the risk of female breast cancer is weakened

considerably and does not support an associ a
Additionally:A For adult breast cancer more recent s
association vih exposure to ELF magnetic fields. Therefore further research into this

association should be given very |l ow priorit

Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR)

of European Union. 2007:

Breast cancer caught particulaterest because of experimental results suggesting that
melatonin synthesis was related to ELF field exposure, and because melatonin might play
a role in the development of breast cancer. Several studies also reported an increased
breast cancer risk amng subjects with elevated ELF exposure. However, more recent
large and welkontrolled studies have been entirely negative, and the hypothesis of a link

between ELF field exposure and breast cancer risk is essentially written off.

Swedish radiation protection authority, SSI (Statens stralskyddsinstitut)

Independent Expert Group on Electromagnetic Fields 2008:

The scientific evidence supporting a linkage between exposure to ELF magnetic fields

and any of these diseases is weaker than for childleadeéiinia, and in some cases (for
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example, for cardiovascular disease or breast cancer) the evidence is sufficient to give

confidence that magnetic fields do not cause the disease.
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4.2 Other Reviews:

In addition to these reviews, other scientists Haken positions to both sides of the
mainstream. On the one hand, some scientists have viewed the evidence for health
effects as considerably stronger than the conventional assessment. With regard to
childhood leukemia, they suggest different exposesponse relationships and assert

that the attributable fraction of childhood leukemia could thereby be higher, and that this
association is sufficiently strong to justify exposure limits. They would also say that the
scientific evidence on a number of atheore prevalent diseases is being

underestimated. An example would bBialnitiative report (2008), which concludes:

The constellation of relevant scientific papers providing muttrailyforcing
evidence for an association between pefteguencyelectromagnetic fields (ELF
EMF) and breast cancer is strongly supported in the scientific literature.

ELF at environmental levels negatively affects the oncostatic effects of both
melatonin and tamoxifen on human breast cancer cells. Numerous epidgcaiolo
studies over the last two decades have reported increased risk of male and female
breast cancer with exposures to residential and occupational levels of ELF. Animal
studies have reported increased mammary tumor size and incidence in association
with ELF exposure.

There is rather strong evidence from easetrol studies that long term, high
occupational exposure (> 10 mG or 1.0
breast cancer.

On the other hand, there are senior scientists who feetleahEnough to declare that
the evidence does not justify concern, that there are no effects, or that effects are
exceedingly unlikely at exposure levels to which the public is exposed. An example
would be theAmerican Physics SocietyX995)which states

The scientific literature and the reports of reviews by other panels show no consistent,
significant link between cancer and power line fields. This literature includes
epidemiological studies, research on biological systems, and analyses of theoretical
interaction mechanisms. No plausible biophysical mechanisms for the systematic
initiation or promotion of cancer by these power line fields have been identified.
Furthermore, the preponderance of the epidemiological and biophysical/biological
research fidings have failed to substantiate those studies which have reported
specific adverse health effects from exposure to such fields. While it is impossible to

eT)
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prove that no deleterious health effects occur from exposure to any environmental
factor, it is necssary to demonstrate a consistent, significant, and causal relationship
before one can conclude that such effects do occur. From this standpoint, the
conjectures relating cancer to power line fields have not been scientifically
substantiated.

5. Policy and Prevention

As with many other agents, international guidance or exposure limits on occupational and
public exposure to EMF is based on avoiding risks to health that are well understood and
for which there is good scientific evidence (IARC, 2002). Qheagbasis is adopted,

setting the actual guidance is relatively uncontroversial, but because it addresses effects
at much higher levels of exposure (principally experienced occupationally) than the
public generally experiences, it is often viewed byptblic as not addressing their

concerns (CADHS. 2002; Sage, C. et.al. 2008; SAGE, 2007).

The combination of widespread exposures, established biological effects from acute,
high-level exposures, and the possibility of leukemia in children fromléwel, chronic
exposures have made it necessary but difficult to develop consistent public health
policies. In view of these uncertainties, WHO concludes that it might be advisable to

adopt general rand lowcost measures to reduce exposure (WHO, 2007).

The conventional scientific view is, however, that even if there is a risk, it would be
unlikely to be of major publitealth significance. This is because the evidence, as
reviewed bye.g, IARC and WHO, really only implicates one relatively rare disease,
childhood leukemia, and the exposures that are implicated are at the top end of the
normal range of exposure and are therefore also relatively rare. Estimates are of just a
few percent of cases of childhood leukemia being attributable to magnetic figddeeif

is an effect(Kheifets et al., 20065reenland and Kheife006)

Use of electricity brings enormous benefits to societies and thus the appropriate risk

governance includes consideration of a large numiieade offs, including the potential
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for risk offset, risk substitution, risk transfer, and risk transformation, as well as benefits

and costs.

5.1 Guidelines

Acute effects on the nervous system form the basis of international guidelines. None of
the guidelines consider potential letegm effects, such as cancer, to be sufficiently
established to serve as a basis for standards. In particular, exposure limits are based on
the acute effects on electrically excitable tissues, particularly those aetitral nervous
system. The ACGIH standard is an older standard that specifies ceiling values for
occupational exposures that should not be exceeded. This standard is the one that most
industrial hygienists are familiar with. Compliance is only mamgai the standard has

been adopted by a regulatory agency. For magnetic fields, the limitis 1 mT (10,000 mG)
for 60 Hz. These limits are five times higher if they are limited to arms and legs and ten
times higher if they are limited to hands and fédte current limits from the

International Commission on Ndonizing Radiation Protection (ICNIRP) (ICNIRP,

1998) for workers are 10 kV/m and 5,000 mG for 50 Hz and 8.3 K\Vamd 4,200 mG

for 60 Hz. The Institute of Electrical and Electronic Enginel®&tEE) (IEEE, 2002)

exposure levels are 20 kV-fnand 27,100 mG at 60 Hz. The differences in the

guidelines, derived independently by the IEEE and the ICNIRP, result from the use of
different adverse reaction thresholds, different safety factors, ancedifteansition

frequencies, i.e. those frequencies at which the standard function changes slope.

The occupationally exposed population consists of adults who are generally exposed
under known conditions and are trained to be aware of potential risks taia

appropriate precautions. By contrast, the general public comprises individuals of all ages
and of varying health status, and may include particularly susceptible groups or
individuals. Therefore, typically, exposure limits for the general palbédower by a

factor of 5 than occupational exposures limits, or exposures in the Controlled

Environments, as they are referred to in some guidelines.
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There is no EMF regulation in the US, and international guidelines are not enforced.

Some statehave adopted policies that mainly relate to sitting of new power lines.

5.2 Precautionary Policies

Implementing suitable precautionary procedures to reduce exposure is reasonable and
warranted. However, electric power brings obvious health, sowa¢@onomic benefits,

and precautionary approaches should not compromise these benefits. Furthermore, given
both the weakness of the evidence for a link between exposure to ELF magnetic fields
and childhood leukaemia, and the limited impact on publiatnéahere is a link, the

benefits of exposure reduction on health are uncertain., fiprecautionary measures

are to be implementether costs should be very low.

Some Scandinavian countries adopted precautionary approaches, albeit not terribly

specific in their requirements, and Australia and California (and some other US states)
adopted precautionary policies (then known
modest amounts of money should be spent to reduce exposures where practicable when

new power lines are built (Kheifets et al., 2005).

Switzerland, Israel and Italy have incorporated the precautionary principle into their
national legislation and established stricter numeric guidelines. The stricter limits mostly
apply to new constriions near sensitive areas (where children spend time) with a 2 mG

as ade minimidevel meaning no further reduction necessary beyond this level.

u
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[ll. UCSD AND RELATED REPORTS

1. Dr . Garl andbdés Report

1.1 Summary

Dr. Garland conducted a firstage cluster investigation in the Literature Building. Cases
were reported through the Department of Literature, based mainly enejgeits. At the

ti me of Dr. Garlandés report a total of
Department of lterature in women who worked in the Literature Building during 1991
present. Of these, eight were diagnosed during-2008, and were the principal focus

of his investigation. Using this approximate method of estimation, the observed
incidence of invasie breast cancer in the Literature Building was abemtithes the

expected incidence in the California general population.

After considering some other exposures, Dr. Garland focuses on EMF: Some
epidemiological and laboratory studies have linked exgosuresidential levels of

electromagnetic fields, although the literature on this association is mixed.

1.2 Critique

NotaBene: References cited in the body of
references provided at the end of his repbds some of the statements were difficult to

follow and verify.

1.2.1 Issues related to cluster definition and assessment

Dr. Garland refers to a previous study in Southern California that compareexets
of cancer with medical records araihd that examination of supporting medical records
did not generally result in substantial changes fromreglbrted diagnoses. While this

might be the case in general, heightened concern, as is the case in the Literature building,

ni

Dr .
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can lead to reportinigias and/or earlier diagnosis. This wiasfact, documented in at

least one case in a similar breast cancer cluster in Australia. Additionally, it will be
important to ascertain that all of the cases are only primary (original) cancers and not
cancerghat have spread (metastasized) from another part of the body. This is important
because metastatic cancers do not have the same causes as primary cancers. Whether or
not these issues are of importance in this case can be only determined with a

comprehasiveepidemiologic investigation.

A cancer cluster is the occurrence of more than the expected number of cancers within a
group of people, a geographic area, or a period of time. Cancer clusters may be
suspected when people report that several familyloees, friends, neighbors or

coworkers have been diagnosed with the same or related cancer(s). With their knowledge
of diseases, environmental science and statistics, epidemiologists try to distinguish actual
cancer excesses from excesses that are dyécochance. Epidemiologists generally

suspect that an excessive number of cancer cases is a true cluster, if it involves a large
number of cases of a specific type of cancer (rather than several different types), a rare
type of cancer (rather than comntypes), or an increased number of cases of a certain

type of cancer in an group that is not usually affected by that type of cancer (from

http://lwww.ccrcal.org/brochure/monitor.pdf

While this investigation properly focuses on a specific type of cancer (breast cancer),
other conditions are not met, i.e. breast cancer is, unfortunately very common,

particularly among highly educated women.

Dr. Garland calculated relative risk under variaasumptions regarding age and
ethnicity of the women working in the Literature Building, and determined that the
observed incidence would be statistically significant, regardless of reasonable
assumptions. He further calculates the probability that tieterl could have occurred by

chance.
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Unfortunately, | was unable to obtain details of the data Dr. Garland used in his
calculations andn addition,could not reproducexactlysome of his probability
calculations. Key to any calculation would be numifevomen regularly working in

the building by year and their age distribution. Risk substantially varies with age and

somewhat by ethnicity.

In addition, it is unclear why the principal focus was on cases diagnosed durirg 2000
2006. When earlier ye2119911999 are added to the calculations the risk is reduced

substantially.

Inclusion of other soctalemographic and reproductive variables could have added useful
detail, but these were not available onsabjects Again, detailed information ainese

factors, as well as family history, would only be possible in an epidemiologic study.

While | agree with Dr. Garland that genetics accounts for less thab%00f incidence
of the disease, his conclusion that genetics was not a major factwr amahysis, since
all but two of the cases were unrelated, does not necessarily follow. Family history might
or might not be important for these cases, regardless of whether they are related to each

other. Thisas well, can only be investigated bg@mprehensivetudy.

1.2.2 Issues related to EMF science

While Dr. Garland refers to only few among numerous studies conducted, | agree that the
literature is mixed. Nevertheless, the overwhelming conclusions of major reviews (see
above for details ahexceptions) is that evidence for an association between EMF and

increased breast cancer risk is very weak and that bee@nedstudies point to no risk.

Dr. Garland further states that occupational EMF exposargsr (emphasis minéLK)
than th@e generally identified in the Literature Building have been associated with a
small to moderate increase in risk of breast cancer in some but not all studies. Here

again, the largest (more than 20,000 cases and 100,000 controls) and most relevant study
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from Sweden (as it is the only one wikharge number of measurements for women) is

completely negative and does not find any risk even in the highest exposure category.

1.2.3 Issues related to EMF exposure assessment

Key to Dr . Ga rvasadifférenceofeapprokinnately 80riest between a

breast cancer incidence centroid and the population centroid of the Literature Building.

Unfortunately, no one was able to provide me with a copyesdetata, and thus | am

unable to comment. | do waio note, though, that magnetic fields from an elevator or

panels would decrease dramatically at a small distance from the source (within 10 feet),

while offices of the cases appear to be 18 to 72 feet.aWagve conducted a walk
through ofthe buildg, and taken a number of measur emen
near an elevator (running and not), and in the large number of offices. All measurements

where people are or were sitting are very low. Moreover, the measurements are

dominated by the offie equipment used (computers, printers and copy machines) and not

by building sources. Spaces near buss bars exhibited (as expected and present in any

building) somewhat higher fields, but they are either in the hallway or at the wall of the

meeting roormand are not of concern.

Dr. Garland also states that, in previous studies, distance from the source of the EMF to

the point of human exposure was considerably more closely related to risk of breast

cancer than wemneasurementssing the available instruentation. | am not sure as to

the basis of this statement, as no references are given, but | do not believe this to be

factual. In fact, as detailed above, | believe that for breast cancer there is no consistent

evidence for either distance or measureisie®n the other hand, for childhood

leukemia, which is the basis of all EMF risk assessments, the evidence is more consistent

for measurements (based mostly on average me

either for distance or wire codes.

Dr. Galand applies wire code methodologgeveloped by Wertheimer and Leeper as a

proxy of average magnetic field exposure in homes and from overhead powetdines
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the mechanical and elevator equipment rooms of the Literature Building. This is highly
unuswal. In fact, | do not believe this methodology has been ever applied-to non
residential dwellings. And, as far as | know, it has never been applied to any other
sources. For such an application, substantial measurement and engineering work would
have tobe done to determine proper classification of various sources (such as a motor),

electric supply to the sources (such as bus bars), distance, and other parameters.

Measurements done in the building so far by everyone, including Dr. Garand

myself indicate very low average fields (the omlgpect ofields measured so far).

1.2.4 Issues related to EMF policy

Dr. Garland states that the Swedish Confederation of Professional Employees (TCO) has
defined a worker exposure standard of no more 2n@amilliGauss as the de facto
standard for EMF.

In fact, TCO does not issue limits. TCO is a Swedish trade union. They have a standard

for VDT6és, with which a VDT has to comply in
values in the TCO standard wer¢ alkout as low as was technically possible to achieve

at the time. TCO also has a similar standard for mobile phones, but, apparently it is not

used by phone manufacturets. Swedenit is the Swedish Radiation Safety Authority

that sets limits and poies. They currently do not have a 2 mG limikthe Swedish

Radiation Safety Authority has adopted EU recommendations (based on ICNIRP

guidelines) just as they are, for the entire EMF spectruBD0GHz). From personal

communication Lars Mjones, Seniod¥sor, Swedish Radiation Safety Authority, 2009)

Dr. Garland also refers to the concept of prudent avoidance and the OTA report which
suggests that reasonable measures should be taken to minimize human exposure to

powetrline EMF, pending further research
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| completely agree and fully support the concept of prudent avoidance, better known as
the precautionary principle (Kheifets et al., 2001). However, the OTA report was written
before much of the research on breast cancer was completed. As statedraiye

recent and better studies of breast cancer do not provide evidence of risk. Thus, and
according tgrecautionary principlenoneywould notbe spenbased on breast cancer

evidence.

Neverthel ess, Il think sevesarareasamdble@gy., Gar | and
providing information to women on Tamoxifen, conversion of rooms 118, 123, 124, 133,

and 134 to infrequent use areas, such as for cofitige occupants concur that such

action would be desirable). The main difference is thean far from convinced that

levelsof EMF exposurén the buildings are higbr that the elevator is the culpnit the

apparent cluster

2. Field Management Services (FMS) Report

2.1 Summary

The FMS report presents results of an Extremely Lowdercy (ELF) magnetic field

survey of areas adjacent to electrical facilities which support operation of hydraulic

el evators in a structuré3RO0wnl asathd &hitheE
Campus in La Jolla, California. On December 22, 280&MS technical representative

visited the UCSD site and with the assistance of Richard Moore, Power Testing and

Energization, Inc., conducted a detailed magnetic field survey to measure, document, and

further characterize ELF magnetic fields presenhedreas of interest.

ELF magnetic field measurements were taken using a Dexsil Fieldstar 1000

Gauss meter and a Dexsil Magnum 310 Gauss meter. Short term measurements were
taken in occupied areas includi ngGrduadl | ways,
Floor electrical & elevator equipment room, and in occupied areas of the Second Floor

electrical room which is immediately above the Ground Floor electrical room.
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Measurements were taken with and without the two adjacent hydraulic drive el@vators

operation.

While some peak values of 44 and 96 mG were recorded, all measurements in the areas
which people occupy are very low. As expected, fields decay rapidly within 4 to 6 feet of

the peak value and become less thal hG throughout most areas

2.2 Critique

The measurements taken are very reassuring and are well below any standards anywhere
in the world. Recall that there is no standard in the US, that most of the international
standards are orders of magnitude above these levels (ICNii&Pad) public: 833 mG

for 60 Hz; IEEE 9,004 mG; Higher for occupational exposures). Even precautionary
measures adopted in a few countries are above the levels in the Literature Building (see

section below).

It is unfortunate that these measurementeweaty made after some of the changes to

the electrical system were made. Note however, that measurements made by San Diego
Gas and Electric over a year ago and prior to changes similarly indicate low overall
levels. Other limitations of the measurementtude: the measurements were taken

during the time when the building was sparsely occupied, they were limited only to floors

1 and 2, and lorterm measurements (e.g. day or week long) were not performed.

Based on this measurement shielding wouldoeotecommended.

IV. STATISTICAL CALCULATIONS

There are three possible sources of error: ascertaining the number of cancers, calculating
the expected number of breast cancer cases, and counting the number eygeisain

risk. A thorough ascertainmé of all cases of breast cancer is only possible in a

comprehensivepidemiologic investigation. Such an investigation would confirm that
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cases are in the scope of the investigationaaadonfirmed histopathologically. Often

in a cluster investigatigrsome cases that were initially thought to belong to the cluster
are subsequently not included for a variety of reasons. On the other hand, linkage to the
cancer registry might identify additional cases that were previously missed. For these

calculatiors we have to rely on seléports.

Calculations of the expected number of breast cancer cases are basegetHige

breast cancer incidence rates in California and San Diego County. Data were obtained by
5-year age groups. Additionally, rates mighty by ethnicity and year. We obtained

rates from the California Cancer Registry for the years -P8@®&. These rates are

relatively stable and reliable. We used-agecific rates, which is far superior to the
calculations based on median age, butiregthe age distribution of the building

population. The age distribution of the Literature Department employees per year was
provided by the UCSD personnel office. The data were available for the years 1996

2008 but notfor the years 1991995

Age Distibution by Year
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Most notable is a sharp increase of younger employees (particularly under the age of 20)
in the later years. Also somewhat surprisinthessmall number of employees over the

age of 55.
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As previous calculations relied on the median age of femaleogegs (with a focus on
median age of 45 and consideration of median ages of 40 and 50), below we present

median ages based on the data providecsto

Median Age by Year
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* Median calculation based on data from Literature Department emplyment records (1991-2008).
** Median calculation assumes that 18 is the average age for women under 20 years old, and 72 is the average age for
women 70 or older. Calculation based on data from UCSD Personnel Office (1996-2009).

Even when women under 20, who are likely to be undergraduate students, who did not
spendasubstantiahmount of time in the building are excluded, the median age appears
to be substantially lower than expected and appears to be in-8%\&ar range.

This data has a number of problefgst, payroll information is linked to a department

and not to théuilding. As the building is mostly occupied by the Department of
Literature we had to focus on that department. Small parts of several other departments

that have offices in the building could not be included.

Second, payroll records could be summedli by all individuals on the departmental
payroll in a given year or as a snapshot in time. Using all individuals on the departmental
payroll in a given year and assuming that they have contributed the whole year would
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overestimate perseyears (and thuartificially decrease risk estimates). Thuscaa

only baseour calculations on a snapshot in time (i.e. the number on the payroll as of
Januaryl® of each year). This assumes, for each year, that the number of months
countedfor employees whéeft enployment before the end of the year is on average the
same as the number of months not counted for the employees who started work after the

first of the year.

Towards the end of the investigation, the Literature department provided us with
additional éta, which were considered more reliable and were used in the calculations
presented in the tables. Nevertheless, these data too are incomplete, particularly as they
relate to employees in the building who worked for different departments and to teaching
assistants that spend substantial amount of time in other locations. For these groups we

made the following best guesses based on the data provided to us.

Estimation of total perseyears was based on the following assumptions:

1. We assume 45 teachiagsistants per year, for each of 199D9 years and 60

teaching assistants per year for each of 2Z0W¥B that they were 75% female, each

spend 25% time in Literature Building0% Caucasian, half age-29, half age 3634;

2. For the Warren Pranst Office we assume 20 women per year average age is 44 during
19901999 (and 47 for later years) and 70% Caucasian;

3. For additional small programs on the 2nd floor, we assume 3 females per year,
average age is 40, 70% Caucasian;

4. For the EthnicStudies Department, we assume 7 women for years 1994¢; average

age is 44, 70% Caucasian;

5. For the Dean of Arts and Humanities, we assume 4 women for 5 years, average age is

44 (and 47 for later years), 70% Caucasian.

We also assumed that the atigtribution and persewears during the 2062008
academic years were the same as that of-2006, and the age calculations assumed

birthdays occurred at the beginning of each academic year.
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In some of the calculationsenexcluded 3 cases thatired or left the Literature building
prior to diagnosis of breast cancer as complete follpvef retirees (and thus their
personyears) were not availablén some of the calculations we assumed that the data
provided to us is a reasonable approximatibthe complete followup. We also

excluded one case diagnosed in 1991. The building was first occupied by the Literature
Department in 1991, and therefore this case had insufficient latency to be included in
analysis. Total perseyears for each woman wereduced by 1 year to help account for

this and for minimal latency.

Calculation of the agsepecific population at risk among the female staff of the building

was most problematic. The workforce in the building was not constant over the

occupancy othe building, thus the population at risk should be calculated in terms of
Aperysecar s at risko (PYAR). However, informat
account for retirees can only be assembleddomaprehensivepidemiologic study.

Thus, we lad to rely on an approximation.

Table 1 summarizes observed and expected cases by decade and age group.
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