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EMF AND YOUR HEALTH

Electric and magnetic fields (EMF) are present whenever
and wherever electricity is generated, transmitted and used.
Electricity has a unique and growing role in modern life: to
light our homes, refrigerate our food, heat and cool our homes,
power the equipment and technologies that diagnose and
treat illnesses, aswell as entertain us and allow instantaneo us
communication regardless of distance. Given EMF’s constant
presence in our lives, we must also ask:Is EMF safe?

To address this question, thousands of scientific studies have
been carried out around the world over the last 35-plus
years. Conducted at universities and research institutions,
these studies have used a variety of approaches to explore the
potential health effects of EMF. Some have looked at patterns
of disease in human populations, some have exposed laboratory
animals to EMF, and still others have exposed isolated cells to
explore mechanisms that might plausibly link EMF to various
effects. The World Health Organization (WHO) has weighed
the full body of evidence from all these studies and concluded
that, “[despite extensive research, to date there is no evidence

to conclude that exposure to low level electromagnetic fields is
harmful to human health.”

This brochure is intended to explain the issues surrounding
EMF. It covers the physical nature of EMF, our everyday
exposures to EMF, the health research and its findings, and the
conclusions reached by expert scientific panels and government
agencies. It provides key updates to the review of the science
that the National Institute of Environmental Health Sciences
(NIEHS) published in 2002 in a booklet entitled, “ EMF:
Electric and Magnetic Fields Associated with the Use of Electric
Power — Questions & Answers.” The 2002 booklet contains
very useful information that remains current, and that the
reader of this brochure may find of value.

This brochure was produced by the Electric Power Research
Institute (EPRI), a non-profit institution that has been
imvolved in research on the health effects of EMF for more than
35 years. EPRI's EMF program continues to fund research by
independent investigators at universities and other research
institutions, all of whom publish their findings in peer-
reviewed scientific journals.
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What Are Electric and Magnetic Fields (EMF)?

The Electromagnetic  Spectrum

Hedric and magnetic fields (EMF), are often descibed asinvisible lines of force They are presat as a part
of both the natural environnent and environnents prodieed by humanadivity. As shown in Figure 1, these
fields are part of the eletromagietic spectrumwhich is arrangedn orde of increasng frequency left-to-right.
Freguency is the numier of times evenseondthat afield competesa full cycle (or oscillieg, and is expresse
in unis of Hetz (H2).

Wavelength 1,864 miles 984F.  9.84Ft,
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Figurel ¢ Theelectromagneticspectrum.The electricpower systemoperatesat 60 Hzin North Americaand
50 Hz in Europe(seetransmissiorline tower symbol,secondfrom left).

Thehighendofthe spedrumcomprise®nizingradiationsuchasx-raysand gammarays,withfrequencies
intherangeof abillion-billioncyclepersecondonizingradiatiorhasenouglenergytodamagecellsand
itsusein medicinendnucleaenergyis carefully managel. In the middleof the electromagnetspedrum
(millionstobillionsof cycleperseond), aretheradicfrequencyRF)fieldsweuseevey dayfortelevision,
radiomicrowaveovenswalkietalkiesandcellular (includinggmat) phores RFfieldsarenonionizing butat
sufficiently high levelsareableto heatissuesinthebody. Variousorgaiizations,includingnostpromi nenty,
the InternationaCommissiown Nortlonizing Radiation Proedion (ICNIRP)andthe Institutefor Eledrical
andElectronicEngineergIEEE)issueguidelinesand standardsrecommendingxposure limitsthatproed
aganst sucheffeds. Asdescribethatr,theyalsgublisrecommendatiofer EMF.

Our electric pove sysems operateand prodee EMF nea the low end of the spedrum, 50 Hz in Europe
and 60 Hz in North America (not the transmissbn line towea symbd in Figure 1). These frequenciesare
alo referredto asl powe frequencieg . EMF exposures at pove frequenciesiather diredly damagecells nor
prodwe tissue heating.This brachute focuses on the heath reseech addlessig exposure to 50 and 60 Hz
EMF, with a greateremphasison magtic then electric fields. Althowgh of comparativelygreaterconcern
from the 197G throwgh the mid-8Cs, the reseeth into potential biological effeds from expaosure to electric
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fields did notreveal goparent heath risks. The heath issueand the assciaied scientific questionsconcerning
the eletrical powe sydem evolvedsincethat periodto deal mainly with magnetic fields.

Basic Electricity and EMF

Butfirst, whatare voltageand current?/oltagemaybevisualizel aselectricl pressire| similar tothe pressuren
a waterhose.Curent is the movement or flow of electricity like the flow of waterin a hose.Eledric fields ae
createdby the voltageapdied to an eledrical cableor pieceof equipnent, whetheror not currentis flowing. A
magnetic field is createdby current,and disgppeas uponinterruptionof the current.Eledric fields are redalily
shieldedby objectsand matrials suchashousestrees wood, metal, animals and peope. Magnetic fields, on
the other hand, are not shieldedand passfreely throigh mostobjects(and peofe).

The unit of measire for electric fields is volts per meter(V/m),and diredly beneath transmisson lines where
the field is typically in the thowsands of V/m kilovolts permeter(kV/m)is the unit mostcommonlyusel. In the
U.S,, the unit of measire forthe magnetic field is the gawss(abbreviated asG), with exposure expressd oftenin
milligawss or mG (1/1000thof a gaws9. The internationalunit for magetic field is the Tesla with exposures
usually expressd in urits of microteslgl T); oret T isegual to 10mG.Mostof the fields experiencedn daily
life are anywhere from 1 to 10mG,but can be up to 1,000mG nea eledrical appliancesand equiprent. By
way of referenceand asdescribedatr, ICNIRP recommenda 50/60Hz magnetic field expasure limit for the
general pubic of 2.0G (2,000mG)and IEEE recommendS.1G (9,100mG).

Exposure to Magnetic Fields

Exposure to magetic fields from electric pove souices ocaurs duting daily adivities at hone and virtually
eveywhere we go, including our places of work or sdod, at retail and businesedablishments, recreational
facilities @&d hospitals.Sources of exposure incluce any eledrical device (eg., electric shave), appliance(eg.,
food blendr) or piece of equiprment (eg., pover tod) duiing its operation, in addition to bulding wiring and
nearbypowve lines

Power Lines

Figure 2 illustraes the rouk eledrical powe tekes from its origin at a generatingstation to its end usein
our hones The substatiorny steps dovnp the voltage from incomingtransmisson lines to voltagescaried
on distribution lines that bring eledrical powve into our communitiesfor use in our hones Eledricity is
transpored on transmissbn lines of vaying voltage classifiaiors, line corfiguraion and towe desig
dependingpnnumeroudactors including the requiredcgpacty (the maxmumamountof pove aling| s desig
allows), available spaceon the right-of-way (ROW),stateand local requirementsand other factors.In North
Ameica transmisson lines are energized at voltagesthat vary from about 115kilovolts (kV) to 765kV (otrer
countriesusedifferent standerd voltagesof aout 100to 400kV). On the downstrean side of the substation,
distributionlines may beenergizel anywhere from 4kV (dder lineg to 35kV, and are al built with avariety
of pde desigis (or nowadayspften undergroundilependingonlocal conditiors and requirements.
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Figure2 ¢ Transpot of electricalpower from generatingstation to a home.

Some may ak, why do transmisson lines have suchhigh voltages?The answe has two facds. First when

eledrical currentflows on a condutor, some of its energy is lost as heat, meaiing a portion of its energy

neverreachests intendad use. Secondeledrical pove caried onaline scalesdiredly with the line| s voltage
multiplied by its current. The higher the voltage the lessthe currentrequiredfor the sane amountof power.

Thereforethe voltageis | steppad up|  atatransformer atthe generatiorstationfor long distance transport over

transmisson lines Steppirg up the voltagelowe's the currentand far lessenergy is lost. Thevoltageis ] stepped

dowvny atthelocal substatioriransformer suchthatdistributionlines can seve our neighborhoodslhevoltage
on the distributionsygem is steppeddown agan to housevoltage (about 115 valts) by a transformer located
usually ona nearbypde in the stred, orin a metal cabineton the ground.

Crosssectionsof representativdowea and pde corfiguraiors usel in the U.S. ae shownin Figure3 to
provide aflavor for the vaiability of line types thatare in operation(Notshownare | U yti@ansmissio 2 £ P U
rated bewea about 40 and 70 kV and undergrounchigh voltage transmisson lines which are prevalentin
heavily urbenized areas.)
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Figure3 ¢ Crosssectionsof representativetransmissiortowers of differentvoltage and distribution poles.
(Not shownare & a d@msmissiorf A yr&ed betweenabout 40 and 70 kV and underground high voltage
transmissiorines,which are prevalentin heavily urbanizedareas.)

Figure 4 illustraes the magnetic field profiles with distance from the lines that would ocaur with typical (or
grealy) currentloadsforthe voltageclassifiatiors shownAs ageneral rule the fields deceasewith the inverse
sguere of distance asyou move away meaning if you doulbe yourdistance from aline, the field degeasesto ore
fourth (1/2) of the p 2 Pt valye & the closerdistance; tripling the distance would deaeasethe field to (1/3),

or ore-ninth of the field at the closerdistance De9ite this general rule, the specific magnetic field vaues
assciaed with oveheal powe lines are highly variable. Hoveve, the magndic field may exced 100 mG

diredly beneath the center of a765kV line, with fields generally deceasig at progressivelyowe line voltages;
up to 30 MG may be found beneath heavly-loaded distributionlines

= 230 kV Like == 230 kV Unlike = 230 kV (Single) 765 kv 500 kV 345 kV Horizontal 345 kV Delta
— 115 — 138 kV — Dist. (Vertical) = Dist. (Horizontal)

Magnetic Field (mG)
Magnetic Field (mG)

Distance from Center Line (Feet) Distance from Center Line (Feet)

Figure4 ¢ Magneticfi profi  from transmissioriinesrepresentingthe range of voltagesin the U.S.and
from distribution lines.(Note: For230 kV lines, & [ Agn&& ! y f rkfdr® ¢he t A ypBadir@arrangements,
as explainedfurther below in connectionwith Figure8. Unlike phasingproduceslower magneticfi
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Forundergroundines the general public| s magetic field exposure level is atits maxmumvalueat wakway or
street level diredly above the line, with its value dependingonload, the depthat which the line is buried, and
otherdesig factors.The field mayexced 50 mGor moe in cetan cases degeasig wih the inversesguere
of distance (asabove for oveheal lineg. In many casesthe line maybe buriedbeneath a thoroghfare, and
exposure from these suicescouldocaur while driving alongthe roador crossingasa pedegrian.

Typical Levels and Exposures

Asindicatecarlierahowsehod appliancénditswiring)producean electridieldwhenevelt ispluggedn,
whetheoperatingrnot.Ontheothehandanapplianceroduceamagnetic field onlywhenitisturned on.
Withinafew feetof anapplianceqothtypesof fieldsfall tobackgrandlevelsAsshownin Table 1,soneof
theappliancethatareusal closeothebodycan prodicemagnetic fieldsthatareguitehigh. Forexampleat
theheadtheexpoaireleveldfromsomehairdiyers can beashighas700mG.Fieldsfromcompuér moritors
andTVsarequitelowoverall.

Table 1 ¢ TypicalMagnetic Fieldsfrom Appliances(at 1 foot away and at the distancefrom the appliance
during typical use)

Appliance Appliance Appliance Appliance
P
1
—
‘L Compact
Magnetic i Flourescent
Field (mG) AC Adapter Baby Monitor Dimmer Switch Blub
At 1 foot 0-.75 0-2
°f ol
Portable Heater Electric Stove Hairdryer Gaming Console
At 1 foot 1-40 ik =S 0-70 0-105
0-20 —
Laptop Computer Digital Clock Microwave Plasma LCD
At 1 foot 0 0-8 1 - 200 14 -22 0-25
0-01 0-8 0 — 300 0-0.1 0 - 0.6
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The level of magnetic field exposure a personreceivesdependson vaiows factors including the location of
their residencerelative to nearbytransmissbn and distribution lines; their behaviorand adivities within the
residenceasthey mayrelateto local souices suchasappliances electronicdevices and the wiring within the

hone assciaed with eledrical sevice; and the field souices presat in locationsaway from home (eg., your
workplace, storesfrequented,or recreationalfacilities) all factoredin to the amountof time spent in these
locations. Thus, magnetic field expcsure fluctuaes corstanty ove time with an exampleof an2 f g2 Z2 q Y

24-hour exposure recordshownin Figureb.

Magnetic Field (mG)

8

7
6

;M’M LM T

-
Daytime Evening Nightime

Figure 5 ¢ Exposurerecordedby a magnetic fi data logger over a day.

Thel Thowad Person Study, , sporsored by the U.S. Departmentf Energy (DOE),wasdesignedo cature
persoral exposures to magetic fields representinghe demographicrosssection of the U.S. For example,
Figure 6 showsthat the top 5% of peogde in the county weae expcseal to an averageof at leas 3 to 4 mG
in the honme whetheror not in bed, while the top 1% of the populationexperiencechigher exposures (5 to
10mG)while at hone The highes averageexposures away from hone (red and yellow bars)wee generally

lowe then thaseat hone Thowh competed more than 15yeas ago, the resillts are still consideredyenerally
representativedf contemporanexpcsure paterns.

10

o Travel

School
W Home Not in Bed
m Home in Bed

Magnetic Field (mG)

°f
&
=
-

Percent of Population

Figure6 ¢ Populationwide magnetic fi exposuresin the U.S. (U.S. DOE1,000 PersonStudy 1998)
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Evaluating Environmental Exposures

Overall Process

Like hundredsof other environmentalagents,EMF has undrgore extensiveexpert review with reged to
potentialheath risks assciaied with exposure Theseevaliators useal wdghtof-evidenceg methodology
in which a panelof muti-discplinary scientific experts considersthe full body of reseech acordng to the
general proces$low shownin Figure7. By its vay name this processnustawaitthe aceimuaion ove yeas of
acitical volume of reseech that permitsa balancel and objective evaliaton acordng to egeblished criteria.

Studies in Humans
(Epidemiology)

> Overall
Evaluation

Experimental
Studies in
Whole Animals

In Vitro and
Mechanisms

Figure7 ¢ Generalprocessusedby health agencieso evaluate potential risksfrom environmentalagents.

Epidemiology

Epicemidogy, represated in the upper left bax in Figure7, is the studyof paterns and determinents of disease
within hurren populations.lts mostimportant advantage is that daa ae obtained aout real peoge under
adual exposure conditions A disalvantage is that sangding and studying peofe is notaneatand clean process
like separaing cells into exposal and urexposel culture dishes in alaboratoy.

The mostcommonlyusal study design in EMF epidemiologyinvolves the selectionof indviduals from a
defined geographicegon, within a givenagebracket, idghcsel with the diseaseor outcone of interestwithin
adefined interval of calecer time; wecan call this groupthe ] cases| . A secondyroup,referrecto asl contro§ ,
corsids of subjectsrepresentinghe very sane demographicbut who are diseasdree Eat indvidual from
both groupss assiged an expasure scoreby any of vaious methodologiegwhich will notbedescribechere).
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RELATIVE RISK

At its core, risk simply means the probability, or
chance, of a specific outcome usually under a
given set of circumstances. The outcome is most
often related to health or safety, for example, the
risk of an accident while driving andtexting, or
the risk of infection from a medical procedure.
In epidemiologic studies, results are usually
expressed as a comparison of risk within one
group exposed to an environmental agent
compared to that of another unexposed group.
This comparison is called ‘relative risk’ and is
calculated asthe occurrence of disease amongthe
exposed population divided by its occurrence
among the unexposed population. In EMF
epidemiology, the study designs are such that the
relative risk is very often expressed as an ‘odds
ratio’, but it essentially means relative risk. Let’s
say that over a very large sample of the
population, 4% of people exposed to factorX
(for example, airline travel) during a given year
developed disease Y (for example, influenza),
while only 2% of the unexposed population (non-
flyers) developed the same disease. The relative
risk would be 4% divided by 2% or 2. We would
then say that the data support a ‘positive
association’ of influenza with air travel, but we still
wouldnot know whetherairtravel orsome other
factoristhedirect cause. Onthe other hand, if the
outcome occurred in about the same percentage
in both groups, the relative risk would be dose
to one, or the ‘null’, as epidemiologists may call
it. In this case, the results would not support a
positive association of X with Y. Epidemiologists
apply sophisticated statistical techniques that
control forextraneous factors (as well as possible)
to determine if a result convincingly points
towards anassodation. If, over manystudies, the
association is consistently null, then it becomes
highly unlikely that the exposure studied is a risk
factor for the disease under investigation. When
positive associations are consistently reported,
then furtherinvestigationintothe root cause (or
causes) of those observations is frequently
warranted.

The analytical objective is to comparethe EMF expcsure
profiles of the two groups,that is, hov EMF expasure is
distributedacrossoth groupsIf staistical analysesindicate
that the profiles of the two ae aout egual, then ore
concludeghat the diseasewasnot assciaed with EMF.On
the otherhand, if the expcsure profile for the casess clearly
greaterthan for the contrds, thenthe analysis could sugges
thatthediseasendexposure ael pasitively aseciaed|  with
ore anotter. Epidemiologyresilts are mostoften reportedas
1 reltiverisks| (oftenabbreviate@sRR) whichisavaluethat
refled¢s the ocaurrence of diseasein an exposal population
comparedo thatq e U P CdoaPgnd@ in a populationwith
comparativelylow exposures (often referredto for simplicity
asan ] urexpcsel| popuation). The sidebaonrelative risk
providesfurtrer information.

It is importantto noe that a positive associationmeans

thatthe expcsure is correlated or somehow related to the

disease not necesgdy its dire¢ cawse For example, a
pasitive associationcould al represat an  atifad  due

to the manrer in which the study populationwas sampled.
Sangding hunmen populations and  soliciting  their

participationin a study suchthat the two groupsof subjects
are demayrgphically equivalentis burdned with challeges

Thus, urequal sangding could skew the dat to prodee an

impres®n of an associatiorwhen ore doesnotadually exig.

Alternatively, the exposure understudy may be making the

effet¢ of anotter, yet unidentfied, environmentalfactor with

which it is highly correlated. This is why drawing breced

corclusions aoutan exposure| s risk orlad of risk caanot be
basél on a single or small handful of studes but requires
judgmentsase ona sufficienty large body of evidence.

As an example,a few ealy EMF epidemiology studes
suggeted a passble link of residentialmagnetic fields with
brain caxca in children. With time additional studes of
brain cance weae competed that wee not supportiveof the
ealy findngs Finally, in 2010,an analysis was condwted
pooling the childhood bran caxce daa from all 10
available studes The investigatorscorcluded, | Taken asa
whde, our resllts provide little evidencefor an association
betwean ELF-MF [exrernely-low-frequency magnetic fields]
exposure and childhood brain tumos,;  We cainot sayfor
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surewhatthe entire basiswasfor this seriesof observationspossbly, the quality of studes improved ove time
that minimized artefads presat in the ealier studes In ether case the dah acumuaed to a point that a
pasitive associatiorbetween magnetic fields and childhoodbrain cancer,suggeged by the ealier studes was
no lorge gpperent.

Studies in Whole Animals

The secondmajor strean of evidencecomesfrom studes of whde animals (usually mice and/or ras). With
reyped to canca outcomesthe experimentsre lorg-term, with many laging for mostor all of the animalsy
lifespan; suchstudes are oftenreferredo asl bicassays . Theanimals are split into exposure groups with ore
group remaining unexpcseal to seve as a contrd group.In the magneic field bioassayshat weae conducted,
the exposures wae many times the levels typically experiencedoy hunmens, exendng up to 10G (our typical
exposures are atleas 100times lowe).

Ore may questionthe applicability of experimentsin rodentsto humens, but two factors should be borre in
mind. Degite ther external gppeaance ras and mice are gendiically veay similar to humens. Seondy, rodnt
bioassaydiave an excellenttrak recordin identfying exposures carcinogenicto hunmens. The International
Agecy for Resemh on Caxce (IARC, disaissé lafE) has evaliaed nearly 1,000 exposures for their
carcinogenicpotential and publishedits reslts ove the pag three decales in a seriesof ddailed reports,
callel monographsin the latest version of its preambleto its monographg2006),IARC staes that  All
knovn hurmren cacinagens that havebeenstuded adequatelyfor cacinogenicity in experimental animals have
prodweed pasitive resllts in ore ormore animal spedesy Many bioassaysf animals expcsel to magetic fields
haveby now beenconduted with aunform ladk of effeés oncance devebprrent (including leukemia), which
stronglysuggess aladk of cacinogenicity in hunans.

In vitro Studies and Mechanisms

Thethird element of arisk evaliaton includes(l) in vitro studes meaiing dudes of cells and tisaue placedin
a aulture dish and exposal to the agentof interestin aculture dish and (2) theoretical assessents of passble
medianisms of action, thatis exploringhov an agentsuchasamagetic field maytrigge a biological effed.
These appradies ae mostusefl when specific and valdaed effeds have akready been obseved dther in
whde animals or in epidemiologystudes In apradical sensewithout consistenbr corroboratingevidencein
hurmen and animal studes it is not passble to get cluesof effeds that mayocaur in peode or animals basel
only on observation# isolatedcells or from theoretical analyses For EMF,this third line of evidencehas been
unableto contribué reseech informationor insights that would alter the corclusions basé on epidemidogic
and whde animal studes

Thus, arisk evaluation relies on streams of evidence from different research disciplines and methodologies blended
together and judged against criterin that defermine whether exposure tfo an environmental agent has the necessary
md sufficient qualities to be considered a health risk.

13
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EMF Health Research

Background

Ove the pag 40 yeas, agreat many studes haveaddiessd questionsbout potential heath risks assciated
with exposures to pove frequency EMF. A braed range of heath outcones has been studed including
cancas of vaiows types in children and adults, pregiancy outcone including miscariage and birth defeds,
neurodegenerativdiseaseghatincluce b { g 2 P 2 dis&ageanyotropht laeral sclerosigALS, alo knowvn as
Lou Gehrigy s diseaseand Parkinson| s diseasgecadiovasalar furction and diseasgbehavioral responseand
others.

In the mid to late 198G the emphasi®f healthrelated reseech shifted awayfrom electric fields to magnetic
fields. A major reasonfor the shift wasthat a large body of reseech supportedby the U.S. Departmentf
Energy (DOE)and EPRI, amongothers,did notuncoverhazads assciaed with electric field exposure from
typical levels up to thase presat beneath transmisson lines Howeve, in the same time period epidemidogic
studes increasd the pubicy s concernregading the relationshipof childhood cance particularly leukemia
with residentialmagnetic fields.

The RAPID Program in the U.S.

In 1993,the U.S. federal govenment, underthe 1992 Energy Pdicy Act, launchedthe RAPID pragram
(Reseecth  And Public Information Dissenination), with the purpse of  providing scientific evidenceto
determinewhetherexposure to povea-frequency EMF involves a potential risk to hunmen heathy  (quoed from
NIEHS 2002 Q&A booklet) The program,administered by the National Institute of EnvironmentalHeath
SciencegNIEHS) with engineging supportfrom the U.S. Departmentf Energy (DOE),consistedof a brced
range of laboratoryand expasure charaderization studes It ended in 1999with NIEHS) submissiorof its
final reportto the U.S. Corgress Thatreport, base on an extensivereview by a muti-discplinary scientific
panelstated(seesidebaron panelgopantments):

The ultimae goal of any risk assessmeig to esimae the probability of diseasein an exposed
population.s G & NIEHS believesthatthe probability that ELF-EMF expcsure is truly a heath
hazad is currently small. The we& epidemiologicalassciaiors and ladk of any laboratory
supportfor theseassciaiors provide only marginal, scientific supportthat expcsure to this agent
is cawsing any degee of ham.

Evaluations by Government Agencies and Expert Panels

NIEHS, 2002:n 2002 after the RARD progran wascompgete, the NIEHS publishedtsy €Yy PU ®Re T

Answers bookldforthepulic thatcoveredhetopicsrelevantoageneralunderganding of EMF andthe
reseafigtothatpointintime.TheNIEHS statednitsconclusion

Eledricity is abeneficial part of our daily lives butwheneveelectricity is generatediransmitted,
or usel, electric and magetic fields are created.Ove the pag 25 yeas, reseech has addiessd
the questionof whetherexposure to pave-frequency EMF might adverselyaffe¢ hurren heath.
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For mostheath outcomesthereis no evidence
that EMF expcsures haveadverseeffeds. There
is some evidencefrom epidemiologystudes that
exposure to pove-frequency EMF is assciated
with an increasd risk for childhood leukemia.
This associationis difficult to interpret in the
absencef reproduible laboratoryevidenceor a
scientific explanationthat links magnetic fields
with childhood leukemia.

This corclusion was basel on NIEHS)  reportto Corgress
as well as by an evalaton condwted in 2001 by the
InternationalAgency for Reseech on Cance (IARC), located
in Lyon, FranceIARC wasesablished in 1965asapart of the
Woid Heath Omganizaion to| s U ®ide governmentsvith
expeat, indgpendent, scientific opinion on environmental
qOv de f T Rtfal® bnpditanito noe thatlARC is not
a pdicy sdting organizaion and it publishesits evaliaions
for use| by national and internationalauthoritiesto make
risk assesments, formulate decisionsconcerningpreventive
measires provide effetive cance contrd pragrammes and
decideamongalternativeoptiors for public heath dedsionsi
[and] no recommendatioris given [by IARC] with regad
to regllaion or legislation, which are the responsibility of

APPOINTING AN EXPERT
SCIENTIFIC PANEL

Without the confidence and trust of the public, the
s cientific community, and policy-makers, an expert
panels evaluation of potential risks from exposure
to an environmentalagentis unlikely to beviewed
as entirely credible. Therefore, governmental
agencies and risk assessment organizations
adopt processes to provide assurance that their
appointed panelssuccessfully serve theirintended
purpose. As an example, the National Academy
of Sciences (NAS) in the U.S. has described the
principles to follow to appoint an effective and
credible panel (httpy//www.nationalacademies.
org/site_assets/groups/nasite/documents/webpage/

na_069618.pdf). First, the panel must indude

an “appropriate range of expertise,” that is
cover the disciplines required to conduct a full
weight-of-evidence evaluation. For EMF, this
requirement calls for credentials in engineering,
exposure assessment, epidemiology, laboratory
experimental sciences (both whole animals and
isolated cells and tissues), and physics. Second,
an appointed group must include a “balance of

indvidual governmentsrotherinternationall O R Of 2 § OY 2 TPErWtjes.-to ensure thatthe committee [ie,

For éout40 yeas, IARC has issuedcacinogen evaliaions
in reportscallel | monargphs], for nearly ore thowsand
exposures  including  chemicals physical factors,
medications,foods and additives, indistrial pracesses and
vaious occupationsEat exposure evalatd al receivesa
classifiafon with reged to its cacinagenicity to hunmens
(seesidebar IARCBt OUV2peaQOYeTf Ur Ou

IARC gppointd an expert panel that convened in 2001 to
evaliae powe frequencyEMF, and publishedits final report
in 2002. The panel exanined a weath of whde animal
experimentg(manyof them lifetime exposuresgnd did not
find evidenceto supportmagetic fields as carcinogenicfor
any cacag studed (including leukemig). The panelwas also
unableto identfy amedianism throwgh which magetic fields
at eveyday levels interact with living bodes to prodee
biologicaleffeds.

panel] can carry out its charge objectively and
credibly.” Looking at anissue exclusively from one
side is likely to culminate in a one-sided
evaluation. Finally, panel members must be
screened for conflict of interest, which is present
when one’s position on the science is dictated
strictlybyone’s affiliation. The panels referenced
underthe heading, “EMF Health Research” were
convened under a process similar to thatlaid
out by the NAS. There are also cases of self-
appointed groups who have reviewed the EMF
science who lack one or more of these qualities.
Consequently, their reviews run the risk of not
evaluating the full weight of evidence as
objectivity and independence requires. Such
groups are proneto relyon selected studies that
support a pre-determined point of view.



http://www.nationalacademies.org/site_assets/groups/nasite/documents/webpage/na_069618.pdf
http://www.nationalacademies.org/site_assets/groups/nasite/documents/webpage/na_069618.pdf
http://www.nationalacademies.org/site_assets/groups/nasite/documents/webpage/na_069618.pdf
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LEUKEMIA

Childhood leukemiahas beenanimportant focus
of EMF health research. On page 18 of its Q&A
booklet, NIEHS provided a brief synopsis of key
facts: “Leukemia describes a variety of cancers
that arise in the bone marrow where blood cells
are formed. Theleukemias represent lessthan 4%
of all cancer cases in adults but are the most
common form of cancer in children. For children
age 4 and under, the incidence of childhood
leukemia is approximately 6 per 100,000 per
year,and it decreases with age to about 2 per
100,000 per year for children 10 and older. In
the United States, the incidence ofadult leukemia
is about 10 cases per 100,000 people peryear.
Little is known about what causes leukemia,
although genetic factors play a role. The only
known causes are ionizing radiation, benzene,
and other chemicals and drugs that suppress
bone marrow function, and a human T-cell
leukemia virus.”

Despite our lack of knowledge about causesof
childhood leukemia, medical progress in
successfully treating the disease has been
dramatic. In 1964, an article in Scientific
American characterized leukemia as “almost
invariably fatal.” Today, the most common form
of childhood leukemia — acute lymphocytic
leukemia (ALL) — has survival rates of 90% for
children under 10, and about 80% for children
between 10 and 15 years of age.

Iu

When examining the epidemiologic literatue, the panel

determired that for all childhood and adut cancerswith

ore exceton, there was inadequag evidence with which

to corclude that powve frequency magnetic fields are

cadinoganic. That excgtion was childhood leukemia

for which there wast § 2 T 2 ¥WRlepqe that the repored

asgdation with pove frequency magnetic fieldsepresated

a causeandeffect relaforship. Onthis basis JARC classified
pove frequency magnetic fields into Group 2B, or an

exposure | Pasbly cadnogenic to hunmensy . The Group2B

desgnation refleds the panel| s corclusion that uncertainties
remain, but does notasserthat evidence of an adversehealth
effecthasbean identified at ahigh level of corfidence

The IARC panelal determinedhat therewasno adequate
evidence with which to corclude that powve frequency
electricfields ae carcinogenidn children or adults.

In addition, IARC reviewe the pregiancy outcone literature
concluding:r Taken asawhde, the resllts of hunen studes
do not edablish an associationof adversereprodutive
outconeswith expasure to ELF electricandmagnetic fields.
Also, 1 [p]renatl exposure to ELF [extremely-low-frequency]
magnetic fields generally doesnotresultin adverseeffeds on
reprodution and devebpnent in mammals(

Sincethe NIEHS Q&A boolet waspublishedin 2002other
governmentalagenciesand risk assessmerrganizaions
aroundthe world havereviewd the EMF heath literature:

WHO, 2007 In 2005 the World Heath Organizatin

(WHO) followedupc b | breviewof EMFandcancemith

areviewofallheathoutcomegonveningnexpettscientific
panelat WHO healquatersin Geneva, SwitzerlandIn

2007WHOpublishedtsreporiaspart of itsongoing series
of Environmentafieath CriteriaTheWHO reportagred

with IARC thatthe epidemiologic evidencdor childhoad

leukemiavas | t 2 T 2 Y&haglyding:

B Y& epidemidogical evidence [regading
childhood leukemia] is we&ened by meth-
oddogical problems, such as poental seletion
bias In addtion, thee are no acceted
bioplysical mednisms that woud sugges
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that low-level exposures are involved in cancer
devebpnent. Thus, if there waeany effectsfrom
expasures to theselow-level fields, it woud have
to be throwh a hiological medanism that is as
yet unknevn. Addtiorally, animal studies have
been largely negaive Thus, on balance, the
evidence relaed to childhood leukaamia [British
spelling of leukemia] is not strorg enowgh to be
corsideredcausal.

A numier of other adverse health effects have
been studed for possble as®dation with ELF

magnetic field exposure These include other

childhood cancerscancersin aduts, depresson,

suicide cardiovascular disaders, reprodutive

dysfurction, devebprental disordars, immun

ological modficaions, neurolehavioural effects
andneurocegeeratve disease.The WHO Tak

Group oorcludd that sdentific  evdence
supportilg an asedation betweenELF magnetic
field exposure andall of thesehealth effects is

muh weakerthan for childhood leukaemia.ln

some instanceq(i.e for cardiovasculadiseaser

breas cance) the evdence suggestghat these
fields do notcausethem.

Heath Canada, 2012 Quotingits website, | C P O'{Caffadla
is the Federaldepartmentregorsible for helping Canadians
mantin and improe ther heath, while regeding
indvidual choices and dle O Ay T L YIrO R20apPPHRakhy
Canada updatedits website that providesthe pubic with
informationon EMF, staing:

Theresilts of some studes of hunen populations
have suggesed that there may be an increase
in risk of childhood leukaamia at higher than
usual maguetic field exposures in horres some
of which are nea to large pove lines Studes
haveal® looked at whetherexpaosure is linked
tothe risk of otherillnessesuchasb t g 2 P2 T PO, U
disease Althowgh there havebeensome resilts
suggeting alink, the overall balance of evidence
is towardsno effe¢ and much we&er then that
for childhood leukaemnia.

IARCCLASSIFICATIONS

In its classification hierarchy, IARC places an
agent with ‘sufficient” epidemiologic evidence
of carcinogenicity (with or without evidence
in animals) into Group 1, ‘Carcinogenic to
humans’, meaning there is little to no doubt
about the ability of such agents to cause cancer
in humans; such exposures include ionizing
radiation (e.g., x-rays), asbestos, smoking. Agents
with ‘suffident’ evidence in whole animals, but
limited or inadequate epidemiologic evidence
are placein Group 2A, ‘Probably carcnogenic
to humans’. This group includes many organic
chemicals, some pharmaceuticals, and some
spedific circumstances, such as occupation as a
hairdresser or barber, and shift work (which can
disrupt waking-sleep cycles). Power frequency
magnetic fields were classified in Group 2B
(Possibly carcinogenic to humans), a classification
that includes for the most part various types of
chemicals, but also some familiar exposures, such
as coffee, pickled vegetables, and gasoline fumes.
Group 3 consists of agents that hawe inadequate
evidence with which to classify them as Group 1,
2A or 2B. A fourth group (Group 4), consists of
one substance of the nearlyone thousand agents
classified. This group is designated as “Probably
not carcinogenic to humans.”
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The types of studiesthat investigatetheserisks face manydifficulties includirg the possbility of
chance,bias and the presace of confoundingfadors that may corfuse the findngs Importantly
there is no known mechanisnor clear experimentakevidenceto explain hov theseeffeds might

heppen.

Heath Canada doesnot considerthat any precautionarymeasires are neededregading daily
exposures to EMFsat ELFs. Thereis no corclusive evidenceof any ham cawsel by exposures at
levels foundin Canadian hones and schools,including those located just ouside the boundries
of powe line corridors.

EFHRAN (2012) The European Commissiorfundd EFHRAN (European Heath Risk Assessient Network
on Electromagnetid-ields Exposure)with the 1 U U''P Gaampoé €Rablishing a wideranging network of
reognisel expearts in relevantdisciplinesthat interact and cooperateto perform a heath risk assessmentf
exposure to EMF acrossthe frequencyU U P 0] Y ®FHRAN| releasé a reportin 2012that reviewe a full

range of heath outcones acrossthe spedrum. EFHRAN was consistentwith the preceling reviewsregading

childhood leukemia. For all otheroutcones the reportstated:

Thereis inadequatesvidenceforb t g 2 P e dis€a8edHddhood brain tumous, and amyotroph¢
laeral U 4]t PO T L estideshoyf tiesedFcones would be usefll. For all othercances, other
neurodegenerativédiseasesnd for nonspecific symptomsevidenceis alo inadequatebut there
gopeas to be no justificaion to condwt further studes Thereis evidencesuggeting a lak of
effe¢ for breas cancer,cadiovasclar diseaseand for EHS[electromagnetibypersensitivity].

PHE: Public Heath England (formerly the Heath Proedion Agency) providesinformation on all maters
relatedto heath andwelihessto the citizens of the United Kingdom.PHE sresponsibilitiesnclude,r meaking the
pubic heathier by encouraghg disaussors, advising government and supportingaction by local government,
the NHS [Naforal Heath Service]and otherpeode and T O R Of 2 L &idre rgseething; colleding and
analyshg dat to improve ourundyrstandng of heath and comeup with answes to public heath probems.|

Withreferenceo EMF, PHE states:

Theresllts of some studes of humen populationshave suggesed that there may be an increase
in risk of childhood leukaemia at higher then usual magnetic field exposures in horres some
of which are nea to large powe lines Studes haveal® looked at whetherexpasure is linked

to the risk of otherillnessessuchasb { g 2 P 2 fis€a8eAlthogh therehavebeensome resilts

suggeting a link, the overall balace of evidenceis towardsno effe¢ and much weer then that
for childhood leukaemia.

Thetypes of studes that investigatetheserisks face many difficulties, including the possibility of
chance bias and the presencef confoundingfactorsthat may corfuse the findngs Importantly
thereis no knovn medianism or clea experimental evidenceto explain how theseeffeds might
happen.
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PHEoffers the following threereasrs forwhy evidenceneigis aganst magnetic fields asa cawse of leukemia:

A 0 Ma g rieds dort avesuffident energy to damagecdls and therebyause cancer.
A At preset thereis no dear biologicalexplanatiorfor thepossbleincreasein childhoodleukaenia
from exposure to magneic fields.

A Theevidencsthatexposire to magetic fidds ausesany othertype of ilinessin children or adults
isfarweaker.

SCENIHR, 2015 The Sciamific Comnittee on Emeging and Newly Identified Heath Risks (SCENIHR)
sevesthe European Commissiorand [ deals with questiongelatedto emergingor newly identified heath and
environmentab) 2 U {Shhitargto two othercomnittees that seve the commissionSCENIHR providesty z 2 Y 2
the scientific adviceit neals when preparingpdicy and proposalsrelating to consumeirsafety, pubic heath

and the environment In 2014this comnittee preparedan updateto its previous2007 and 2009 reports
on EMF, entiled 1 Opinionon Poential Heath Effeds of Exposure to Electromagnetid-ields (EMF); The
report corcluded,

The new epidemiologicalstudes ae consistentwith ealier findngs of an increasé risk of
childhood leukaemia with esimaed daily averageexpcsures above 0.3t0 0.41 T [3t04 mG].As
statedin the previousopiniors, no medianisms have beenidentified and no supportis exiging
from experimental studes that could explain thesefindngs which, togetherwith shortcomings
of the epidemiologicaktudes prevent a cawsal interpretation.

Epdemiologicalgudiesdonotpreide @ nvincing e videnceof anincre as driskofneurodeg enerative
diseasesincluding dementiarelatedto ELF MF expcsure. Furthermorethey show no evidence
for adversepregiancy outcones in relation to ELF MF. The studes concerningchildhood heath
outcones in relation to maternal residential ELF MF exposure duiing pregiancy involve some
methodologicalssues that needto be addessd. They sugges impawsible effedts and needto be
replicatedindgpendenty  before they can beusel for risk assessment.

Recentresilts donotshow that ELF fields haveany effed¢ onthe reprodutive furction in hunens.

Update on Childhood Leukemia Research

The precaing review of expert scientific opinion since the NIEHS Q&A boolet was publishedin 2002
condensedhe U Of PonW @R P (@rElldigns regading the many heath outcones that have beenthe
subjectof EMF heath reseech. It was evident that, repeaedly, mainstrean expert opinion has found no
evidencethat eveyday exposure levels of magneic fields cawse effeds on suchvaied heath endpoirg as
pregiancy outcone (eg., miscariage and birth defeds), neurodegeneratiitnesseqeg.,b t & 2 P 2 dis®ae),V
cadiovasalar diseasgelectromagnetibypersensitivitEHS,seesidebatitled 1 F P { @Tofi&xq)), and others.
The concernsabout the associationbewea childhood leukemia and magnetic fields remains, but a cawsal
roe for magetic fields is cas in sigiificant doubtbe@wse of the persistentabsencef effeds on leukemia
devebpnent in whde animals the absenceof an explanatoy medianism, and the urcetainties surrounéhg
the epidemiologystudes
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As context, the IARC classifiation of magwic fields as a Group 2B (pcssbly carcinogenicto humans)
washase to amajor degee ontwo | U'T Tt @alysesof the epidemiologyliterature publisheth 2000that
addiessd the associationof magndic fields with childhood leukemia. The term, pooled, means that the raw
dan from acollection of studes were combired asif constitutinga single study. Ore analysis wascondwted in
the U.S. and the otherin Europeusing an ovelappirg but notidentical setof studes with the two ariving at
similar corclusions. Thesestudes reportedstaistically significant relative risks (RRs) of between 1.7and 2.0
aseciaed with averageresidentialmagnetic fields above 3 to 4 mG (seesidebaron relative risk). In 2010,an
internationalgroup of investigatorspublisheda poded analysis of the studes available sincethe IARC report.
The updatedpoded analysis reporteda comparativelywe&er associationyelative risk of 1.44,that was not
stafstically significant. Althowgh consistentwith the ealier poded studes the investigatorscorcluded that,
r [o]veall, the associations we&er in the mostrecentlyconduted studes butthesestudes are small and lad
methodologicalmprozements neededo resolvescientific urcetainties regading the goparent associationWe
corcluce that receat studes on magnetic fields and childhood leukaamia do not alter the previousassessment
thatmagnetic fields aeposshbly QOO dle £ TRPE 2 Qi

During this period,seveal studes reportedthe associatiorof childhood leukemia with distance from overheal

high voltagetransmissbn lines A studyoconduted in the UK of childhood cance from 1962to 1995published
in 2005 reportedthat athowgh childhood leukemia was assciated with close proximity to the transmissbn

lines (within about 650 fed), the assciaiors remainedwith a we&er thowgh stafstically significant relative
risk at distances at which the magnetic fields from the lines are negligible (sbout 650to 2,000 fed). Other
cances, including brain cancer,boe no relationshipto distance from overheal transmisson lines

A follow-up studyin the UK publishedin 2014extendedthe periodof observatiorto 2008, reportingthat the

childhood leukemia risk assciaed with proximity to overhea lines thowgh evidentin the 1963 and 197G,

disppeaed in subseyuent decales Thefad that magnic fields from the lines were a constantpresencen

residence$ocatednea thet 2 f ®diridorsthroughouthe five-decale period,butthe ocaurrence of leukemia

in thase residencegdiminished to badkground levels ove the five-decale period, provided strongevidence
that some otherunknevn factor asidefrom magetic fields had playal a role in the associatiorwith elevated
risks of childhood leukemia in the ealier periods. Two otherstudes of the risk of childhood leukemia versus
distance to transmissbn lines wae conduted in France (2013)and in Denmark (2014)with incorclusive

resllts. Finally, alarge studyof childhood leukemia (nealy 6,000casesand distance to overhea transmissbn

lines acros<LCaliforna is in its final stageswith resilts expeded in 2016.

The childhood leukemia studes sumnerized thus far addiessd the questions the risk of an initial diagncsis
of childhood leukemia assciaed with exposure to residentialmagnetic fields? In 2006 and 2007 two studes
looked at a different question: After the initial diaghcsis and treatmentis the mageic field inad2zat q
residenceassciaed with that child remaining diseasdree? A U.S. studypublishedin 2006, and a German
study publishedin 2007 eat suggesed that survival waspooer in children living in residencesvith higher
magnetic fields, but both studes had small samplesizeslimiting org| s ability to draw firm corclusiors. To
ovecome this probdem, investigatorsfrom eight countriespoded all of the available dag from over 3,000
children to assessvhetherether the risk of relapseor overall survival wasassciaied with residentiaimagnetic
fields. Theresilts of the poded analysis wee publishedin 2012,concluding:r ¢ this large poded analysis
of moee than 3000 children diaghcsed with ALL in eight countries,no stafstically significant assciaions
weae okseved bawea exposure to ELFee MF and evantfree survival or ovearall survival of ALL. Theseresllts
provide no evidencethat ELFce MF has ardle in predictingoutcone of childhoodALL.; sThis casesevesto
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emplasizea pointmadeealier thatit is prematureo draw corclusions that rely ona small setof ealy studes
with inadequatenumbersof subjects.

Exposure Guidelines and Standards

As has beenindicaed, a mechanisnthroughwhich low level EMF could case bidogical effeds has not beel
identified. The absace of a validatedbidogical effed¢ in whde animals orhumanstlow levelsis corsistent with
the absance of a mechanisntoweve, at much higherexposurdevels magneticandeledric fields can produce
immediatgor ] aate| ) effeds throughestablishednechanismdagneticfields | coupe) to peofde causin
currents to flow within the body.Above a thredhdd level thesecurrents stimulatenervetissue,a phenorrenor
refered toasl eletrostimuaton| . Electric fields al cawse currents to flow in thebody butbefore an exposur
threshdd is reabed that catseseledrostimuation inside the body,eledric fields can stimulatesensoryrec@tors
presat on the surface of the bodythis interadion is als grouged undy the breeder term of eledrostimuation
At thelevels at which magneticandeledric fields reachtheir respectiveperception thresholdsthatis, levelsa
which they argust percaved or sensed, theffed doesnot prodie any goparent harm or injury andends when
exposuret thoselevelsceasesHoweve, asthe exposurdevel is raisel pastthe percgotion threhdd, the effed
can beome annoyingandultimately painful, thoughrevesinle when exposureeases

The Europeaivased International Commissionfor Nonlonizing Rediaion Proedion (ICNIRP) and the
U.S-basé Institutefor Eledrical and ElectronicEnginees (IEEB haveeat publishedreportsthatrecommer
exposure limits to proed aganst electrostimulation.Both sds of limits for the general pubic for powe
frequencyfields are shownin Teble 2. Thowgh a bit different from ore another, eat bulds in adequatesafey
margins that proed aganst avesive electrostimulationLess stringentlimits exid for workplace personne
beawse thase who work in high field environmentsare traned to be awae of the electromagnetidactor:
presat. Ore cannot assime that all membersf the public havereceivedsuchtraining and to compensatehe
pubic limits are lower comparedo thosefor workers.The magnetic fields listed in Teble 2 are rarely, if eve,
encounered by the general public. The only location with accesso the general public where electric fields a
levels nea guideline limits would bepresat is onrightsof-way (ROW)of overheal transmisson lines of 236G
345kV or greatr, with the maximum electric field found approximatelybeneath the outr condwtors at the
midpointbetween two towes. Some indviduals mayfeel al tingling] sensatiorwhen in suchlocations,with
the effed disgppeaing uponmovingaway

Table2 ¢ General Publi&xposure Limitsor Power FrequencyFields

Organization Magneticfi  (gauss)* Electricfi  (kV/m)

ICNIRP 2.0 42 (60 Hz)/5.0 (50 Hz)

IEEE 9.1 | 5.0 (10.0 on ROW)



*1 gauss = 1,000 milligauss (mG)

With regad to acuteeffeds and expacsure limits, the 2007WHOreport(seesbove) corcludd: | Acute biologica
effeds havebeenegablished for exposure to ELF [exremely-low-frequency] electric and magnetic fields in the
frequencyrange up to 100 kHz that may have adverseconsequencesn heath. Therefore, expcsure limits
ae needed.International guidelines exig¢ that have addressé this issue.Compliancewith these guidelines
providesadequateroedion foracuteP p p PQY L U ¢
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National Policies and Precautionary Limits

Regllatoy agenciedn the U.S. and Canada havenot edablished national stancerds limiting exposure to EMF,
athowh seveal staes in the U.S. have egablished limits for electric fields within the ROW and for both
electricand magnetic fields at the edge of the ROW. More than 50 countriesworldwide havesetexposure limits
in somemanner thatvary widely from county-to-county (www.emfs.info/compilation; noe:this link provides
the latest updatepaosted). Some countrieshaveadoped the ICNIRP limits, some havecounty-specific safgy
limits similar to ICNIRP or IEEE, and still othershavelimits that gpdy to the ROW. Some countrieshave
adoptd moee corsavaive limits for cetain circumstances suchasfor newresidentialconstruction.

With regad to field mitigation, WHO statedin its 2007report,; & it is notrecommendethatthe limit vales
in exposure guidelines be reducedto some arbitrary level in the name of pre@ution. Suchpradice undermines
the scientific foundationon which the limits are basé and is likely to be an expensiveand not necessay
effedive way of providing proediony WHO further recommendethat field reduction could be considered
whenaty little ornocod.[

The National Radiological Proedion Board (nav absorbednto PHE)in the United Kingdom reviewe the
EMF literature in 2004, staing 1 the regilts of epidemiologicalstudes taken indvidually or ascollectively
reviewe by expert groupscannot be usel as a basisfor restrictionson exposure to EMFs,[ SThe clea message
here wasthat the exiding guidelines and standards provide proedion aganst known effeds with edablished
medianisms, and limits neednot be reducedany furtter.

Prior to the WHO and NRFB recommendationghe Califorria Public Utilities Commission(CPUC)set a

pdicy in 1993, reaffrmed in 2006, to mitigate EMF expcsure for new utlity trensmisson and substation
projects.As a measire of low-cost mitigation, we [the CPUC] continie to use the benchmark of 4% of

transmissbn and substatiorprged costs for EMF mitigation, and combire linked transmissbn and substation
projectsin the calalaion of this 4% o0 Pt Q2T OO0 U

An exampleof a low-cost intervention is illustraed in Figure 8, which showsa doublecircuit 345kV
transmissbn line (Figure 3 illustratd a singlecircuit 345kV transmissbn line). As is evidentfrom Figure3,
the cables(orcondwetors) ontransmissbn lines comein groupsof three ead of whichis identified asal phasg |,
A, B, and C. A doulte circuit line has two groupsof three condutors. When the line is | like; phase with
phasesA, B, and C symnrically placedon the towe (A oppaite A, ec.), the magutic field is maximized.
At virtually no cost (end if impemented duiing the initial construction)the doulbe circuit can be phasé in an
I unlike.  manrer, which drives downboth the electric field and the magntic field. The reasons bease the
urlike phasesoppaite eat otherhaveacancelling effe¢ onthe field (whereaswith like phasing the fields are
reinforcedand thereforegreatr). This same effe¢ wasshownin Figure 4 for a 236kV doublecircuit line in
which the field profile for urlike phasihg (green curve)is considerablyowe than the profile for like phasig
(brown curve).
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RELATED TOPICS

Occupational Studies: Studies of workers can offer a useful opportunity to examine environmental EMF exposures at
higher levels than occur in residential settings. Many occupational studies of electrical workers and others exposed
to higher magnetic fields have examined both cancer and other diseases. Overall, the occupational studies do not
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supporta linkbetween magneticfields exposure and anyform of cancer or otheradverse effects.

Cancer Clusters: When several cancers occur close in time and space — that is, in a cluster, such as in a given
school — people seek a reason, and at times EMF has been thought to be a possible culprit. Most often, upon further
investigation, no actual cancer cluster is identified. The perception of a cluster arises partly because people do not
always understand how common cancer is. In industrialized countries, one in 2-3 people will develop some type of
cancer during their lifetimes. Cancer clusters can and do occur by chance, but distinguishing a chance occumrence
from an occurrence with a common cause is difficult. As a result, cancer cluster investigations are rarely productive,

and none have linked a cancer cluster to magnetic field exposure.
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RELATED TOPICS (CONTINUED)

Electromagnetic Hypersensitivity (EHS): Some individuals experience a wide range of nonspecific symptoms such as
headaches and sleep disturbance that canbe quite debilitating, which theyascribe to EMF exposure. Further, some of
theseindividualsbelieve that they cansense the presence ofhigh fields, which trigger their symptoms. The consensus of
the scientific communityis that while some ofthese individualsclearly have health conditions and mayreact to factors
in their environment, their symptoms are not related to EMF. This conclusion is based mostly on carefully conducted
testsinthe laboratoryinwhichindividualsself-identified as EHS cannot reliably detect the presence offields, and their
symptoms cannot be attributed to EMF. Several studies have indicated that the observed effects may be caused by
an expectation that something harmful is going to happen. In light of the fact that an EMF basis for these individuals’
conditions hasnot been observed, the condition hasmore recently been labeled ‘I diopathic Environmental Intolerance
Attributedto Electromagnetic Fields’.

Pacemakers and Other Medical Devices: Cardiac pacemakers and defibrillators are the most commonly i mplanted
medical devices, and research has indicated that they may be susceptible to interference under certain high field
conditions. The sensitivity of these devices depends on manufacturer, design, and how they are used by a patient.
Metallic caseshielding, internal circuits, filters and bipolar sensing have contributed to improved immunity tointerference,
and in practice, interference is very rare. Many other medical assist devices are now deployed in patients, such as
insulin pumps and brain stimulators, but interference to them from power frequency fields has not been addressed.
International product standards generally call forimplanted medical devices to maintain immunity to power frequency
magnetic fields of 1 gauss (G) and 5 kV/m.

Animals and Vegetation: Research on how animals and plants might be affected by exposure to EMF has been
conducted since the 1970’s. EMF exposure has not been shownto have anyconsistent detectable, adverse effects on
plant growth, crop yield or animal health. A separate issue is sometimes raised about potential harm to farm animals
from ‘stray voltages’. Stray voltage is a general term used to describe the small voltages that may exist at contact
locations where they would not be necessarily expected. These voltages may arise from the normal operation of a
‘multi-grounded’ power system, and may originate from electricity systems both onand off a farm. Stray voltages may
be enhanced by various abnormal and correctible situations, such as poor insulation or wiring errors.

Questions have arisen as to whether the environments within transmission line rights-of-way are inhospitable to native
bees and honey bees, both crucial to agricultural production. The U.S. Geological Survey states (http://www.usgs.
gov/blogs/features/usgs_top_story/the-buzz-on-native-bees/) that: “According to the USDA [US Department of
Agriculture], bees of all sorts pollinate approximately 75 percent of the fruits, nuts and vegetables grown in the United
States...bee pollination is responsible for more than $15 billion in increased crop value each year.” Recent research
has shownthat high voltage transmission line easements can provide quality habitat for native bees, particularly when
these areas are managed in a waythat promotes the growth of native shrubs and flowering perennials. Honeybeesin
commercial hives with metallic components in high electric fields under high voltage transmission lines may e xperience
tiny electrical discharges within the hives. These effects can be mitigated by shielding and grounding or moving the
hives a short distance awayfrom the line.

Theories of Mechanisms: Over the years, manytheories have beenadvancedto explainhow low|evel magnetic fields
may interact with the cells and tissues within our bodies. For example, in the 1980s the ‘cyclotron resonance’ theory
was introduced predicting how certain ions like caldum and lithium would be affected by magnetic fields of specific
frequency and magnitude. Although the theory attracted attention at the time, further analyses and experiments did not
supportits plausibility, and sdentificinterestinit faded.
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RELATED TOPICS (CONTINUED)

Anotherhypothesis suggested that tiny magnetic particlesin the surface of cells in the human brain could be physically
rotated ina magnetic field (like a compass) thereby altering signaling in the brain. However, the presence of such
depositsin the human brain was neverascertained. Magnetic de posits, presentin some animals, such as honey bees,
may helpthem navigate usingthe earth’s natural field as a guide, and we know for certain that magnetotactic bacteria
contain large magnetic crystalsthat guide themto their source of nutrients.

A third example concerns a biological pathway through a small structure in the brain called the pineal gland that
secretes melatonin, a substance that is instrumental in regulating our 24-hour biological cycle (called the ‘drcadian
rhythm’). A suppression of melatonin in animal experiments increased the occurrence of hormonally dependent cancers,
such as breast cancer. Early experiments re ported promising results that magnetic fields sup pressed melatonin, but after
different scientists across different laboratories attempted replications, the effect was nolonger apparent. Inany case,
the proponents ofthe melatonin hypothesiswere unable to explain how a low level magnetic field could interact at the
cellularlevel to set this proposed pathwayin motion.

The one established mechanism in humans is electrostimulation, the stimulation ofnerve tissue by magnetic or electric
fields (or by direct contact with an electrical conductor), which occur above threshold exposure |evels that are much
greater than those present in our daily lives. As described under Exposure Guidelines and Standards, published
exposure limits are structured to protect peopleagainstadverse electrostimulation.

Summary

This brachule addiessesbasicageds aout environmentaEMF and contemporaryissues relatedto potential
heath effeds from EMF expcsure It was preparedas an updateto the National Institute of Environmental
Heath SciencegNIEHS) boolet entiled, | EMFE Eledric and Magtic Fields Associaed with the Use of
Eledric Pava & Question& b t U z P@hblishedn 2002.

Electricity and EMF

A

A

Voltage maybe thoughtof asdedricd 6 psmired the voltageon a condudor or applianceproducesan
electricfield, expressd asvalts per meter(V/m)or thowsands of valts per meter(kV/m)

Curent is the flow of electricity through a condudor; current producesa magetic fidd, with typicad
fields expressd in milligawss (MG 1 gawss=1,000mG).Theinternationalunitis microteslat T) and1t T
=10mG.

Eledridty is generatednd supplied at afrequencyof 60 Hz in theU.S.(50Hz in Europe);hettz means
cycles per secondmeaning voltage and currentgo throwgh ore full cycle 60 (or 50) times evey second.
Thesearel powelfrequencig .

Powe frequencyfidds neather damagecdls like ionizingradiation,nor heattisaie like radiofrequency
fields.
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Electrical Transport

A

o o Do Do

At thegeneratingtationyoltagessteppedipfeedng transmisson linesthatusudly travellongdistances
to bring pove to local substations.

In theU.S. high voltagetransmisson linesoperatefrom bewea about115kV to 765kV

At thesubstatiothevoltages steppediownfor distributionto neighborhoods.

Distribution liresoperatefrom beawea 4 kV and 35kV.

Thedistributionvoltages steppediownto thevoltagesha power ourlights, electronicsand appliances.

Environmental Magnetic Fields

A

o o

Directly beneatha highvoltagetransmisson lines themagnetic fiddsmayreachfrom 10to ove 100mG,
dependingn voltageclassand current(load).
Directly beneathadistributiorline, the magnetic fidd mayreachroughly beawea 10and 30 mG.

InmosthomesintheU.S.averagenaqetic fidd exposire islesshan 3mG, butadivities nearappliances
andothersouicescan increaseore| soveall expasure level.

A person Sexposireove timecan vary significantly dependingn
¢ the power linesin proximityto the home andadivitieswithin a homethatinvolve localsources
(applianceandeledricalequipment), and

¢ adivities and sourcesatlocationsawayfromhoneg, includingwork,sdod, retail storesend recreational
facilties

Environmental Health Research

A

Theevaluatiorof potentiahedth risks tha maybelinked to environmentahgentgelieson a@veght-of-
P Z 2 q Pdvalli@ipnwhichfactorsin theresilts of

¢ Epidemiologystudes
¢ Studes in whde animals and
¢ Studes of isolatedcells and tssues and analysesof potential radanisms of action

To evduate environmentahgentsgovenment agendesnd risk assessmentganizaions recruit scentific
panels whosememberdaveproven expatise and represat the diversespecialies requiredfor an objective
evaluation.

EMF Health Research

A

A

Over thepag 40 years thousandsof sdentificatides concernedwith EMF hedth researchhavebeen
published.

In 2001,InternationalAgency for Researchon Cancer das#ied power frequency magetic fidds as
[ possbly carcinogenito humensg onthebags of I limited| epidemiologievidence.
In 2002,after the completion of theU.S.RAPID progran and reportto the U.S.Congressthe NIEHS

Q&A boolet corcluded that,; For mostheath outcomesthereis no evidencethat EMF exposures have
adverséP p p P Qyithedpad tol limited) evidenceof an associatiorof residentiaimagnetic fields with
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childhoodleukemia, NIEHS stated; This associations difficult to interpret in the absencef reproduible
laboratoryevidenceor a scientific explanatiorthatlinks magnetic fields with childhood leukemia

Since the 2002 bookle was published,a vaiety of duly constituted expet sdentific pands and
governmentahgencieshavereviewe the EMF heath literature, and collectively find no evidenceof risks
for pregiancy outcone, neurodegeneratividiseasescadovasalar diseaseand any otherheath condition.
With reged to cancer,they seeno persuasivevidenceof risk for any adultor childhood caxces, with the
sole urcetainty relatedto childhood leukemia.

Update on Childhood Leukemia Research

A

A

A

Since 2002, severh epidemiologic studies have exanined the ocairrence of childhood leukemia with
reged to residentialproximity to overheal transmissbn lines

Postive assoatons were reportedfor living doseto transmisson lines but the assodatiorextended
beyond the distance at which magnetic fields from the lines are negligible. A follow-up studyreported
deceasig risks by decale from the 196& throwh the 1983 with the incidenceof childhood leukemia

closeto transmisson lines falling to badground levels sincethe 1993. These observationgoint to some

other factor besidemagnetic fields regorsible for the pasitive assciaiors reportedin the epidemidogic

literature.

A pooled andysis of children with leukemia with datafrom eight countriesreported no relationship
bewean maguetic fields and relapseor oveall suwvival depite suggesive evidencefrom two ealier
studes

Guidelines and Standards

A

Recommendationfer electric and magnetic fidd exposire limitshavebeenissuedby the International
Commissiotiior Nortlonizing Radiaion Proedion (ICNIRP)and the Institutefor Eledrical and Electronic

Enginees (IEEE).

Thelimitsprotet¢ aginst advers® e | e ct r o ¢stimulatiordf @etvatissieldy an dedricd stimulw).
Electrostimulation caurs in a threshold anrer atexpasure levels thapeode do notordnaily encountgr.
For the geerd public | C N1 RiRdiesc fidd exposire limit at power frequencyis 2.0 G, and IEEE&
limit is 9.1G.

The Word Hedth Organizaion (WHO) has statedthat Compliancewith theseguiddines [exposure
limits] providesadequat@roedion foracuteP p p P Y U U [

National Policies

A

b

Agendes in the U.S. and Canada havenot egatished nationwideregulatons limiting EMF exposire,
athowh seveal staes inthe U.S.limit electric and/ormagntic fields onthe rightof-way.

Over 50countriesaroundtheworld haveadopted EMF exposire limitsin sameform.

WHO hasstatedhat, ¢ i i not recommendedhatthelimit vduesin exposire guiddinesbereducedto
someearbitrary levelin the name of preautony

The Cdifornia Public Utilities Commissior(CPUC) hasimplemented a 6 4 #4led whereby the stated
invegor-owned utilities mustinvestup to 4% of a transmissbn projectscosts for low-cost magnetic field
mitigation.
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Conclusion

In 2000, the National Academyof Engineging annouwceal the 20 greakes engineeing achievementsof

the 20" centuy in rank ordx as determinedby a distinguished panel deliberating nominationsfrom 29
engineging societies. Themann criterion was the role the achievemenplayel in improvingthe quelity of life.

Eledrification of modernsocigy ranked first sheal of notble achievementghat included the automolbe,

the arplane the telphore and the U.S. interstate highway sysem. A commonthrea runnng throwh

the evolution of theseinnovationswas the requirement that any possble hazads assciaed with them wee
minimized to acceptabldevels. Obviousexangdes includce the inclusion of arbags in vehicles,oxygenmasks
when airplane cabinpressuradrops,and adequateshoulderson highways for disabledvehicles.In the caseof

eledrification, we had leaned by the turn of the 20th century about the risks assciaed with eledrical shock
and the possibilities of sparks igniting fires Acaordngly saftéy pradices wee adopéd into coces suchas the
National Eledrical Cock to ensurethat bulding wiring pradices protectedocaupents aganst fire and shock
hazads. By the late 1960searly 197G transmisson lines operatingat voltagesof upto 765kV were being built
promptig questionsnd concernsfrom the pubic about exposures to EMF and possble effeds on heath.

Ove the past40years alargebodyof reseech hasacaumuatd addesing healthand saféy quediors aboutEMF
in our horres and workgdaces Since its foundirg in 1973,the Eledric Pove Researchnstitute has particpated
in everyaspectof healthand saféy reseech on EMF coordinatig its pragran with the U.S. DOEIn the 1978
and 1988, and interading with internatioral organizatiors, such as WHO, IARC and B ¢ O FTihisi brachue
has covered key aspectsof EMF healthreseech since the pubicaion of the 2002NIEHS Q&A booHet.

Reseeth is a continuingprocessvhoseourpaeis to developvalid informationin responséo specific questions.
In the caseof EMF heath reseeth, resegchers ae interestedin quentfying relationships(or lad thereof)
beween EMF exposure and diseasesor other healthrelated outcomes.The two major reseech pathways
involve epidemidogic studes of hurmen populationsand studes with whde animals As reseech progresses,
the major objective is to continually reduce urcetainies unil a questionis resolvedin a menrer that is
acceptableto the scientific commuity and to the breeder sodely. In this reped, EMF reseech sporsored
sincethe 197® by vaiows organizaiors wordwide, including EPRI, has adievel a fair measire of success
in reducingkey urcataintes aout potentialeffeds from EMF, asrefleted in the breed corsensus of expert
scientific panels As describedn this brochureurcetainies remain asthe focus of orgoing study.

References

Californa Public Utilities Commission
hittpy//www.cpuc.ca.goy/PUC/energ y/Environment/ElectroMagnetic+Fields/action.htm

Heath Canada
http //fwww.he-sc.gc.ca/index-eng.php

http://healthycanadians.gc.ca/healthy-living-vie-saine/environment-environnement/home-maison/emf-cem-eng.php



http://www.cpuc.ca.gov/PUC/energy/Environment/ElectroMagnetic%2BFields/action.htm
http://www.hc-sc.gc.ca/index-eng.php
http://healthycanadians.gc.ca/healthy-living-vie-saine/environment-environnement/home-maison/emf-cem-eng.php

EMF AND YOUR HEALTH .

PublicHeath England(PHE)

hitps.//www.qov.uk/qovernment/organisations/public-health-england/about# what-we-do.
hitps:/fwww.gov.uk/sovernment/publications/electric-and-magnetic-fields-heal th-effects-of-exposure/felectric-and-

magnetic-fields-assessment-of-health -risks

InternationahgencyforReseattonCancer(IARC)

IARC. 2002."Nortionizing Rediaion, Pat 1. Staticand ExtremelyLow Frequency Eledric and Magnetic
Fields (1926 Jure 2001)."InternationalAgency for Reseech on Cancer,Val. 80, Lyon, France.
http.//monographs.iarc.fr/ENG/Monographs/vol80/mono80.pdf
http//monographs.iarc.fr/ENG/Preamble/currenta2objective0706.php
http//monographs.iarc.fr/ENG/Classification/index.php

Institute for Eledrical and ElectronicEnginees (IEEB

IEEE. 2002."|EEE Stancerd for Saféy Levelswith Regped to Humen Exposure to Electromagnetid-ields,
Oce 3 kHz." Institute of Eledrical and ElectronicEnginees, IEEE Std.C95.6,NewYork,NY.
http.//standards.ieee.org/getieee/C95/download/C95.6-2002.pdf

InternationaCommissiolen Nonlonizing Radiation Proedion (ICNIRP)
ICNIRP.2010.Guidelinesfor limiting exposure to time-vaying electric and magnetic fields
(1 Hz to 100kHz). Heath Ptys 9981836.

http//www.ncbi.nlm.nih.gov/entrez/query.fcgi? cmd=Retrieve&db=PubMed &dopt=Citation&list_uids=21068601

National Institute of EnvironmentaHeath SciencegNIEHS):; EMF Eledric and Magtic Fields
Assciaed with the Useof Eledric Pover e Questiong b £ U z P@002) [
http//www.niehs nih.gov/health/assets/docs_ p_ z/results_ of  emf research_ emf questions_  answers_booklet.pdf

Swanson). Pave-frequency EMF Exposure Standards gpiceble in Europeand elsewhere.
hittp//www.emfs.info/wp-content/uploads/2014/07/standards-table-revision-51-July-2014.pdf

World Heath Organization

WHO.2007 'ExtremeljLowFrequencyFieldsEnvironment&ieath Criteria." WorldHeath
Organization, Vol.238Geneva Switzerland.

hitp//www.whoint/peh-emf/publications/elf _ ehc/en/

http://www.who.int/peh-emf/publications/facts/fs322/en
http://www.who.int/peh-emf/about/WhatisEMFE /en/index1.html

Peer Literature: Epidemiology

Ahlbom A, Day N, FeychtingM, Ronmen E, Skinrer J, Dockerty J, Linet M, McBride M, Michaelis J,
OlsenJH, TynesT, VerkasaloPK. 2000.A poded analysis of magneiic fields and childhood leukaamia. Br J
Cancer 83:6928. httyy/www.ncbinlm.nih.qov/entrez/query.fegi?cmd=Retrieve&db=PubMed&dopt=Citation &1
ist uids=10944614.

BunchKJ, Keega TJ, Swanson], Vincent TJ, Murpty MF. 2014 Residentialdistance at birth from
oveheal highvoltage powerlines:childhood cance risk in Britah 19622008.Br J Canca 11014028.

http://www.nchinlm.nih.qov/entrez/query.fcgi?cmd=Retrieve& db=PubMed& dopt=Citation&list_
uids=24504371.

29



https://www.gov.uk/government/organisations/public-health-england/about#what-we-do
https://www.gov.uk/government/publications/electric-and-magnetic-fields-health-effects-of-exposure/electric-and-magnetic-fields-assessment-of-health-risks
https://www.gov.uk/government/publications/electric-and-magnetic-fields-health-effects-of-exposure/electric-and-magnetic-fields-assessment-of-health-risks
https://www.gov.uk/government/publications/electric-and-magnetic-fields-health-effects-of-exposure/electric-and-magnetic-fields-assessment-of-health-risks
https://www.gov.uk/government/publications/electric-and-magnetic-fields-health-effects-of-exposure/electric-and-magnetic-fields-assessment-of-health-risks
http://monographs.iarc.fr/ENG/Monographs/vol80/mono80.pdf
http://monographs.iarc.fr/ENG/Preamble/currenta2objective0706.php
http://monographs.iarc.fr/ENG/Preamble/currenta2objective0706.php
http://monographs.iarc.fr/ENG/Classification/index.php
http://monographs.iarc.fr/ENG/Classification/index.php
http://standards.ieee.org/getieee/C95/download/C95.6-2002.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=21068601
http://www.niehs.nih.gov/health/assets/docs_p_z/results_of_emf_research_emf_questions_answers_booklet.pdf
http://www.emfs.info/wp-content/uploads/2014/07/standards-table-revision-5l-July-2014.pdf
http://www.who.int/peh-emf/publications/elf_ehc/en/
http://www.who.int/peh-emf/publications/facts/fs322/en/
http://www.who.int/peh-emf/publications/facts/fs322/en/
http://www.who.int/peh-emf/about/WhatisEMF/en/index1.html
http://www.who.int/peh-emf/about/WhatisEMF/en/index1.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=10944614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=10944614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=10944614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_

EMF AND YOUR HEALTH

DraperG, Vincent T, Krdl ME, Swansorl. 2005.CHldhood cance in relationto distance from high
voltagepawe lines in England and Wales:a casecontrol study. Bmj 3301290.
http:/fwww .ncbi.nlm nih.govfentrez/query.fcgi?cmd=Retrieve&db=PubMed& dopt=Citation &list_uids=15933351.

Fdiart DE, Pdlock BH, MezeiG, Iriye R, Silva JM, Ebi KL, Kheifds L, Link MP,Kave R. 2006.Magetic

field exposure and lorg-term survival amongchildren with leukaenia. BrJ Ganee 941614. hittp //wwuw.
nebinlm.nih.gov/entrez/query.fcgi?cmd=Retrieve& db=PubMed &dopt=Citation&list_uids=16404370.

Greenlands, Sheppard AR, Kaure WT, Pode C, Kelsh MA. 2000.A poded analysis of magnetic fields,
wire coces and childhood leukemia. Chldhood Leukemia-EMF Study Group.Epidemiology11:62434.
Iittp:/fwww .ncbi.nlm nih.qov/entrez/query.fegi?cmd=Retrieve&db=PubMed& dopt=Citation &list_uids=11055621.

Kheifds L, Ahlbom A, Crepi CM, FeychtingM, Johansel©, Monra J, Murpty MF, Oksuzyan S, Preson
Matin S, Romen E, Saito T, SavitzD, Stz J, Smpson J, Swansord, TynesT, VerkasaloP,Mezei

G. 2010.A poded analysis of extremelylow-frequency magnetic fields and childhood brain tumos.

Am J Epidemiol 172:75%1. httpy/www.ncbi.nlm.nih.gov/entrez/query fcgi?cmd=Retrieve&db=PubMed &dopt=

Citation&list uids=20696650.

Kheifds L, Ahlbom A, Crepi CM, DraperG, Haghaa J, Lowentral RM, Mezei G, Oksuzyan S, Sz
J, Swanson), Tittarelli A, Vinceti M, WunschFilho V. 2010.Poded analysis of recet studes on magnetic
fields and childhoodleukaemia. Br JCance 103:112835.hittn//www .ncbi.nlm.nih.qov/entrez/query fcgi? cmd=
Retrieve&db=PubMed &dopt=Citation&list_uids=20877339.

Kheifds L, Crepi CM, Hoomr C, Oksuzyan S, Cackburn M, Ly T, Mezei G. 2013.Epicemidogic study
of residentialproximity to transmissbn lines and childhood cance in California: descriptionof design,
epidemidogic methods and studypopulation.J Expo SciEnviron Epicemid 254552.http //www.ncbi.nlm.
nih.gov/entrez/query.fcgi? cmd=Retrieve&db=PubMed &dopt=Citation&list_uids=24045429.

Pedersen C, Raaschellielsen O, Rod NH, Frei P, Pousen AH, Johanseit, Stz J. 2014 Distance from
residenceo pove line and risk of childhood leukemia: a populatiorbased casecontrol studyin Denmerk.
Cance CawsesControR5:17%7. http://ww w.ncbi.nlm.nih.gov/entrez/query fcgi? cmd=Retrieve& db=PubMed& d
opt=Citation&list_uids=24197706.

Stz J, Grell K, Kinsey S, Linet MS, Link MP,Mezei G, Pdlock BH, Ronmen E, Zhang Y, McBride ML,
Johansert, Spix C, Haghara J, Saito AM, Simpson J, Robson LL, Dockerty JD, FeychtingM, Kheifets
L, FrederikserK. 2012 Extremelylow-frequency magnetic fields and survival from childhood acute

lymphoblastideukemia: an internationalfollow-up study.Blood Cance J2:€98. http //www.ncbi.nlm.nih.gov
entrez/query.fcgi? cmd=Retrieve&db=PubMed &dopt=Citation&list_uids=23262804 .

Sermagé&aure C, Demouy C, Rudnt J, GoyonBellec S, GwotGoubinA, Destamps F, HemonD,
Clavel J. 2013.Chldhood leukaenia closeto highvoltage pove lines-the Geocg study, 20022007.Br J
Cancer 108:189®06. htty//www.ncbi.nlm nih.qov/entrez/query.fcgi?cmd=Retrieve&db=PubMed& dopt=Citati
on&list uids=23558899.

Svencsan AL, Wehkod T, Kaasd P, Stz J. 2007 .Expasure to magnetic fields and survival afer diagnosis
of childhood leukemia: a German cohortstudy.Cance Epicemid BiomarkersPrev16116771. http.//wwuw.
nebinlm.nih.gov/entrez/query.fcgi?cmd=Retrieve& db=PubMed &dopt=Citation&list_uids=17548680.



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=15933351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=16404370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=16404370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=16404370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=11055621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=20696650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=20696650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=20696650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=20877339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=20877339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=20877339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=24045429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=24045429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=24045429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=24197706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=24197706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=24197706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=23262804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=23262804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=23262804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=23558899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=23558899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=23558899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=17548680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=17548680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=17548680

EMF AND YOUR HEALTH .

FOR MORE INFORMATION

Formore information, contact the EPRI
Customer Assistance Center at 800.313.3774
(askepri@epri.com).

Rob Kavet
Phone: 650.855.1061
Email: rkavet@epri.com

Ximena Vergara
Phone: 650.855.2315

Email: xvergara@epri.com

Program: Electric and Magnetic Fields and
Radio-Frequency Health Assessment and Safety

31



mailto:rkavet@epri.com
mailto:xvergara@epri.com

3002006827

The Electric PowerResearchlnstitute, Inc. (EPRI, www.epri.com)
conducts research and development relating to the generation,
delivery and use of electricity for the benefit of the public. An inde-
pendent, nonprofit organization, EPRI brings together its scientists
and engineers as well as experts from academia and industry to
help address challenges in electricity, including reliability, effi-
ciency, affordability, health, safety and the environment. EPRI also
provides technology, policy and economic analyses to drive long-
range research and development planning, and supports research
in emerging technologies. E P R Imensbers represent approximately
90 percent of the electricity generated and delivered in the United
States, and international participation extends to more than 30
countries. E P R Iprinsipal offices and laboratories are located in
Palo Alto, Calif.; Charlotte, N.C.; Knoxville, Tenn.; and Lenox,
Mass..
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