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Q. Please state your name and where you reside.

A, Dennis Smifhi I live in Moberly, Missouri.

Q. 135} whom are you employed; and in what capacity?

A, T am employed as a physician and Medical Director of the Emergency Department, at

the Moberly Regional Medical Center, Moberly, Missouri. |

Q. What is your educational backgrbund?

A I received a degree of Doctor of Osteopathic Medicine from Des Moines University in
1994. chmpleted a residency in Emergency Medicine at Darnall Army Hospital, Ft. Hood, Texas, in
1997 and‘I am Board Certiﬁ.ec-l in Emergency Medicine by the AmericanABoﬁrd of Emergency
Medicine. As a military emergency physician, I had extensive training in chemical, biological,
radiation and ﬁon-ionizing fadiation warfare and casualties. A copy of my CV is attached asl
Schedule DS-OI to my testimony. | |

Q. What is the piu'pose of ymh' testimony?

A, I have been asked to address the unacceptable health risks to the people in thé path of
the proposed Ameren Transmission Company of Illinois (ATXI) 345kV AC transmiss‘.ion iine in
North East Missouri. While industry and its suppofters downplay the risk of EMF to health, there
are recent peer reviewed studies that sdpport prior studies showing adverse health effects. Since.
people in the path of High Votage Overhead Lines live their lives near the lines on a daily basis and
in some cases 24 hours per day, the burden of proof that they will not be harmed should be
overwhelmingly on the agency that wants to construct a line that will expose them to health dangers
on their own property against their will.

Q. Have you testified in other proceedings involving EMF?

A. Yes. On September 15, 2014, I submitted testimony to the Missouri Public. Service

Commission regarding a proposed high voltage DC line, Grain Belt Express, Case No. EA-2014-

0207.
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Q. Do you have evidénce to refute the claim that the World Health
Organization (WHO) does not confirm the existence of any health consequences from
exposure to low level EMFs?
| A, First of all the above statement is double speak. Ameren states in literature
available on their internet site that the World Health Organization (WHO) does not cénﬂrm
the existence of any health consequences from éxposure to low level EMFs. Schedule DS-
02. While that statement is taken from the WHO literature, it fails to show that ongoing
concerns about adverse health effects have triggered the WHO to call for research in
multiple health are:as. The 2007 WHO Research Agenda for Extremely Low Frequency
Fields calIs- for additional research in multiple areas of health and places High Priority on
several of those areas, which include childhood brain tumor studies, childhood leukemia, and
amyotrophic lateral sclerosis. Schedule DS-03. ngtes from the ééli fof additional reseafch
include the following;: | |

. "Several studies have bbsewed an. 1ncreased risk of amyotrophic

lateral sclerosis in'electric occupations'.”

. "There is some evndence that the risk of miscarriage may be affected by

ELF magnetic fields exposure.”

. "For Alzheimer's disease, it remains a question whether ELF magnetic
fields constitute a risk factor. "

The statements in the WHO's own call for research certainly is enough to make a reasonable
person want to avoid exposure to EMFs.
Q. Are there other agencies publishing concerns about exposure to EMFs?
A. There is enough evidence linking EMF exposure from High Voltage Overhead

Lines (HVOL) to childhood leukemia and other health problems such as breast cancer to

* cause the International Agency for Research on Cancer (IARC) to list EMF as a Group 2B

carcinogen risk. Schedule DS-04.
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Q. Is there any recent research that demonstrates damage at a cellular level
done by EMFE?

A, One of the arguments against EMFs causing cancer has been that there has
been no plausible explanation for the causation of cancer. Since cancer is generally believed
to be caused by DNA damage, any EMF induced effect on DNA provides the plausible
explanation that has been reported missing by the WHO. Low levels of environmental EMF
penetrate the nucleus of a cell inducing a DNA stress response. This is the same stress
response generated when the body is exposed to toxins or extreme heat. See generally, Blank
& Goodman, Electromagnetic fields stress living cells, Pathophysiology 16 (2009} 71-78.

The study by Blank & Goodman demonstrated that cells can be affected at energy levels as
low as 0.5 UT to 1 UT (5-10mG). ATXI reports, "Ameren levels at the edge of Right-of
Way for 345kV transmission lines (75ft) are typically at or below 90 mG." The exposure
quoted by ATXI is 9-18 times greater than the level of energy found to interact with the
DNA of cells.

Q. Is thereany new evidence linkingEMFtochildhood leukemia?

A, In 1979 Nancy Wertheimer and ED Leeper were the first anthors to link childhood cancer
and high voltage AC lines. Industry has often faulted the research in this area as showing
bias or having study sizes too small to be valid A 2013 British Journal of Cancer study of
2,779 cases of childhood acute leukemia and 30,000 controls generated additional findings
and support to previous studies linking the cancer to EMF exposure. This study had both
numbers and efforts to eliminate any previous bias. Schedule DS-06.

Q. Is there any evidence of long term health effects other than
cancer?

A. In 2013, an article in the Journal of Cellular and Molecular Medicine
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reported both therapeutic and harmful effects of exposure to EMF. Bone growth stimulation

and DNA breaks through stimulation of Voltage Gated Calcium Channels (VGCCs) were
demonstrated. Bone growth can be a long term health benefit; however, DNA breaks are
generally felt to be related to cancer formation. Schedule DS-07.

Q. Is the information you present enough to dispute the safety of the 345,000-
volt transmission line proposed by ATXI?

A ATXI's website documents quote only three (3) sources to cite the safety of the
proposed line. One of the sources is the WHO. The WHO double speaks the safety issue as
reported previously in my testimony. While the WHO is a very important organization in world
health matters, it is not an infallible organization as demonstrated in 2014 by its utter failure to
identify the dangers of the EBOLA outbreak. One only has to do a quick search of world news
organizations on that topic to see the failure to identify the risk. Another citation by ATXI is the
Environmental Protection Agency. We have seen that agencies failure to identify the risk of its
activities in the 2015 Colorado mine clean up activity. This too is a organization that does great
work, yet it can make mistakes. My summary of information disputing the safety of the
proposed line is short and there are many more studies available on EMFs. As a busy physician,
I am only pointing out that there is evidence to raise concern for the health of people in the path
of the proposed line.

Q. What is your conclusion?

A.  People in the path of the proposed project have legitimate fears about the possible
adverse health effects. Eminent domain is necessary in some cases to provide needed services to
a population. In the case of ATXI's line, the industry is proposing to put a group of people at

risk on their own properties, in their own homes, and in some cases children in their schools.
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ATXI attempts to minimize the risk using statements from the WHO or Environmental
Protection Agency; however there is evidence that there are real health risks. People should not
be forced to expose themselves to that risk just because they live, attend school, or work in the
path of a line. Eminent domain use would give the people no choice about exposure that is not
providing electricity for their comfort or commerce. The WHQO comments in some of its
literature that even if risk is proven, it is minimal. No one would consider the risk insignificant
if his/her child or grandchild is the one affected by a disease such as childhood leukemia. No
one should be forced against their will to expose their family to any entity they fear on the
property they have toiled to purchase and maintain.

Q. Does this conclude your testimony?

A. Yes it does. Thank you.




BEFORE THE PUBLIC SERVICE COMMISSION
OF THE STATE OF MISSOURI

In the Matter of the Application of Ameren Transmission )
Company of Illinois for Other Relief or, in the Alternative, )
a Certificate of Public Convenience and Necessity )
Authorizing it to Construct, Install, Own, Operate,

Maintain and Otherwise Contro! and Manage a

) File No. EA-2015-0146

)
345,000-volt Electric Transmission Line from Palmyra, )

)

)

Missouri, to the Iowa Border and Associated Substation
near Kirksville, Missourt.

AFFIDAVIT OF DR. DENNIS SMITH, D.O.

STATE OF MISSOURI )
) ss
COUNTY OF Kamcf&fggﬂ )

Dr. Dennis Smith, D.O., being first duly sworn on his cath states:

1. My name is Dr. Dennis Smith, D.O., and I am employed as a physician and
Medical Director of the Emergency Department at the Moberly Regional Medical Center,
Moberly, Missouri.

2. Attached hereto and made a part ﬁereof for all purposes is my rebuttal testimony
on behalf of Neighbors United Against Ameren’s Power Line consisting of _Z__ pages and
Schedules DS-01 through DS-07, and prepared in written form for introduction into evidence in
the above-referenced docket.

3. I hereby swear that my answers to the questions contained in the attached rebuttal

testimony are true and correct to the best of my knowledge, information and belief,

Dr, Dennis Smith, D.C.

] npth
Subscribed and sworn to before me this 0 ___day of October, 2015

Wiy R Mwmwm

Notary Public

Nota%Pubuc Notary Seal
ate of Missourt
Commissioned for Rardodph Counl
My CommissionExplces: Juty 27, 2019
Commissian Number: 15219378




Dennis Smith, DO, FACEP,FAAEM
3705 Highway NN
Moberly, MO 65270

Board Certified Emergency Medicine Physician by the American Board of Emergency Medicine and a
Fellow in the American College of Emergency Physicians. Fellow in the American Academy of
Emergency Physicians.

Job Title: Medical Director, Emergency Department, Moberly Regional Medical Center, Moberly, Missouri
EDUCATION AND TRAINING

American College of Emergency Medicine Fellow
Darnall Army Hospital, Fort Hood, Texas, June 1997-October 1889
Requisites for this title were completed while practicing, teaching residents as an Associate
Professor in Emergency Medicine, and doing research within the residency program.
Recognized as Mentor of the Year 1999 by residents in training.

Internship and Residency in Emergency Medicine: June 1994-June 1897
Darmall Army Hospital, Fort Hood, Texas

Doctar of Osteopathic Medicine: June 1990-June 1994
Des Moines University, Des Moines, lowa
Graduated with honors.

Physician Assistant: August 1978-June 1980
Albany-Hudson Valley Physician Assistant Program, Troy, New York

MILITARY EXPERIENCE

United States Navy, Hospital Corpsman 1972-1976
Service as a Line Corpsman, 3rd Marine Division 11/74-11/75
Specialty Training - Hospital Corps School, San Diego,CA
- Field Medical School, Camp Pendleton, CA

United States Army 1994-2000
Training; Emergency Medicine
Tri-Services Combat Casualty Care Course
Desert Warfare Training Ft frwin, California
Chemical Warfare Fraining, Ft Irwin CA and Ft. Hood, Tx
Multinational NATO Force Training, Ft. Polk, LA
Emergency Department and Trauma Director 21st Combat Support Hospital, Tuzla,
Bosnia 1699
Awards: Humanitarian Service Award X 3
Armed Forces Expeditionary Medal X3
Army Meritorious Service Award
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Know the Facts about the Mark Twain Transmission Project
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Ameren Transmission Company of lllinois (ATXI) is
planning to build a 345,000-volt lransmission line in
northeast Missouri along with a new substation near
Kirksville, Known as the Mark Twain Transmission
Project, it consists of two line segments, from Palmyra to
Kirksville, and Kirksville lo the lowa border. The total
length of these segmenls is approximately 100 miles.
The Mark Twain Transmission Projecl also includes
conslruction of a 161,000-voll connector transmission
line from the existing Adair Substation to the Zachary
Substation. This conneclion will be approximately 2.2
miles in length.

« A need for delivering renewable energy — Missouri law requires ulililies to provide greater amounts of
renewable energy. To help meet this need for renewable energy, the Midwest region’s transmission system
operator developed an electricity grid improvement plan, including the Mark Twain Transmission Project, to
provide the transmission capacily needed lo promote the development and delivery of renewable energy.

Greater reliability — From communications and transpertation to manufacluring, virlually every aspect of our
sociely depends not just on electricily, but a reliable supply of electricily. The Mark Twain Transmission
Project will improve reliability by slrengthening the Midwestern transmission grid.

Job creation and economic benefits — It is anlicipated that construclion of the Mark Twain Transmission
Project will creale 200 good, well-paying jobs. A study released on Sept. 30, 2014, by the Mid-Continent
Independent System Operator (MISO) also found the economic benefit of the regional transmission plan to
Missouri will be 2.3 to 3.3 times the transmission investment. Missouri electric customers all along the route
will benefit from the availability of electricily transported on the Mark Twain Transmission Project line.

A source of tax revenue — The Mark Twain Transmission Project will lead to additional local tax revenue to
support schools, roads, police and fire protection districts.

+ No one source of power — The power carried by the Mark Twain Transmission Project line will not come
from any one source, but from any and all eleclric generation sources connecled to the Midwest grid.

A cleaner environment — In its Sepl. 30, 2014 study, the regional transmission operator finds its plan will
reduce carbon emissions from electric generating unils by 9 to 15 million tons annually.

Compatible with farming — The Mark Twain Transmission '"f;‘.: i
Project will utilize single-shaft, steel poles that do not [For
require guy wires. Farmers can conlinue to use land under
lhe transmission line for crops and pasture. Large
equipment can be used around and under the transmission g
lines, with some reslrictions and recommendalions
regarding proximity lo the pole structures and clearances
under the line. The line will be designed to meet or exceed
minimum NESC code design clearances (25 feel for
345,000 volts). Our goal is to minimize the impact on
aqriculture.

Acquiring easements — The Mark Twain Transmission Line Project will primarily be buill on permanent
easements ranging in width from 100 feet to 150 feet depending on the voltage of the line. ATXI will need lo
acquire these easements, and additional land rights, frem landowners. Project representatives will be
conlacting landowners for the purpose of conducting goed-faith negoliations with a goal of reaching
agreements with each landowner. Fair market value paid for the easements is discussed in more delail
below. ATXI cannot rule oul the possibility that eminent domain autherily would be exercised if our good-faith
efforls to negotiale the required easements prove unsuccessful.




+ Fair compensation for transmission line impact — Landowners are fully compensalted for the impact of the
transmission line. ATXI's offer of compensaltion for easements is intended to “make the landowners whole” by *
fully compensaling them for any effecl on the market value of their properly caused by the imposition of the
easement. Upon completion of conslruction, ATXI's representatives assess, and, if necessary, repair or
compensate landowners for damages that may result from construction of the transmission line. This includes
damages to crops, soil, fences and other property or improvements.

No tax money - No federal, slale or local lax monies will be used to build, operate or maintain this
transmission line. This transmission line will be built, operated and maintained by ATXI, a wholly-owned
subsidiary of St. Louis-based Ameren Corporation.

Explaining electromagnetic fields — Electromagnetic fields (EMFs) are generated by anything that uses or
conducts electricily. Some typical in-home sources of EMFs include refrigerators, microwave ovens, vacuum
cleaners, hair diyers, video display monitors and fluorescent lamps to name just a few. Distribution and
transmission lines also can contribute lo magnetic fields in homes, but the electric field from these oulside
sources contributes lillle lo indoor levels because it is effectively shielded by building malerials.

Based on a recent in-depth review of lhe scienlific literature, the World Health Organization (WHO)
concluded thal current evidence does not confirm the existence of any health consequences from exposure
to low level EMFs. Furthermore, it is clear that the exposure to EMFs of people living in the vicinity of high
voltage power lines differs very litlle from the typical range of exposure of the entire population. Studies have
also found no adverse effect of EMFs from power lines on craps or farm animals, including cattle that graze
below power lines.

Compatible with hunting - The Mark Twain Transmission Project will not interfere with hunting. According
to the Universily of Michigan, “White-tailed deer prefer forest edges that are close to farmlands, old fields,
and brushland.” Thus, deer populations tend to do well where transmission lines border wooeded areas.
Ameren has also fostered a relationship with the National Wild Turkey Federation to improve turkey habilats
in the right of way.

Share n L 4

Copyright © 2015 Ameren Services Conlact Us Legal & Privacy Statements Employee Log-in
Follow Us W




HAVE STUBIED v o . TYPICAL MAGNETIC FIELD LEVELS FROM HOUSEHOLD SOURCES® (i millgaus, mG)

LECTROMABGMETIC HELDE = Y o Distance from Source Gin 1M 2t 4t Distoncefrom Source Gln. 1R 2m an
BY EVERYTHING ELECTRICAL - SR e b | o o (e | TR
SE WIRING TO PERSONA - - . Medion . . ... .. m 40 5 — Median . . .. 200 1 — —
= GTO SONAL . L . Highest 1000 200 & 4 Highest . . ., 700 70 0 1
RS AND HOUSEHOLD ARPLIANGES Power Soun Vigeo Display Terminats (PCs with color monitars)
lowent | 500 & 3 -— Lowest . .... 7 2 1 —
Nedian 60 = 20 r Megan . . 1% 5 2 o=
Amecen appreciates your interest in this scientdic topic and decling substamially with disance from the souste. Lings that are Highest . .. .. 1,50 0 2 4 Highest . .. . 20 [ 3
hopes you find this brochure ueful. We hove included many foet away from 3 pertan offer less exposure than appliances vt s Reteigerstors
information from respected stientdic sources to many of the that are much closet. Measurements are merely 3 snapshot of Loeest ... .. .. 100 20 3 o= Lowest . . — = — ==
questions previously asked by Ameren customers regarding valugs 319 given time Ind 3ee valid only for that moment. Values Median . koo ® 10 1 Nedidn .. ... 2 2 1 —
EVF concerms. Theze sourtes include The Nationat institde can change dramatically depending upon the 3mount of electrcrty Highatt . . ... ke 20 @ 10 Highest . . . Ll 20 10 10
of Environmental Health Sciences [NIEMS), The World Health fiovwing through power Lines of 2ppiiances 3t any given time. Micrgwave Oveas Flusrescent Ughts
Drsunmmanwms?zfc@umﬁ?m:m Magnotic fiekds close t eloctrical 3pptiances e often much W g ‘; ::: - lowest .. ... : e Yk S delogd okntin Rl E
Agancy (EPA), The 9 stronger than those from other sources, including magnetic fields ik s 2 uidelines for EMF expsute — ICKIRP and ACGIH,!
Raciation Frotection IENIRP) ana the Ametican Conterence ety i powes lies. Aopliance Sekds Oscrtt InTrmngth it Figrete MO AN LSS NS Hhanly et i) ? ‘
ot G Indusenial Hyg (ACGIH). detance more quiskly oot li fielga.” T 1A o) i S 00 LD g 100 S PRDRED 100 TR T P 223700 10 Ut epenating Jppiane (o ot B Satmpuistied from D
1f you need additional information on EMF. please wisit the rnom: -ﬁmu m mmm ' Bach pround Medsarimants Lnm Buforg S 350Vanee 3 Doen turred o0 ICNIRP GUIDEUNES FOR EMF EXPOSURE
0 0 G PUORSE si: e i Lo * oo EMF i Dictrc and MogpeticFokds Aszocited wh P Use of Gt P ¢ Envromesental Health Scncet (g 003 Exposare (0 M) Hagretic fiold
SOUCES WelsAeh, provided, or call our Esvironmental Heshh Sciences % Refars I P bowest, mediarn and 15t conton)s of 80 Koo aroes measind n axch Catepory. g
ENF information line 31 314S5A2802. Crauzanond! 42 G (220G
* EMF EXPOSURE STANDARDS e General Public 081 G BERmG
WHAT IS EMF? Are therp exposure standsrs for §0-Hz EMFY In the United States, TYPICAL MAGNETIC FIELDS PRODUCED BY AMEREN TRANSMISSION LINES® (i milligauss, mG) e = = = e
Ex fielcs are o by anything that uses or there ore no federal standand imiting occupational or residential Maximum on Distance from the Center of the Right-of-Way 7 of 14 & W SDeCalir A Rt
conducts electricity — ot just power lines. expasine to power fine EMF Tao states have set standards for Type of Transmission Life Righ-of-Way  50f 7St 100m  200f  XOf 00M v S T
EMF consists of two components: magnotic ficlds — Florida 3nd New York.' 139761 Kilevotts (k)
* Elocwric fields are created by the voliage of electricity ina TErY—— rem—— Singla pawer line? on two woaden poles 5100 1555 530 515 15 ez o1 mrum-mnw JONAL THRESHOLD LIMIT VALUES
wie (similar to water “prossure” in  hor) — the highar SRR ANGARES! o WS Singlo power ino’ on dng stee! pol 25105 03 s 31 13 62 o4 i -
iz held. 1,13 Magnetic 7
mwh&;!:nmmfml)m-: eld. Em::':.:":? Site i 3 Eipa ROW, Twumm::‘mnulmmmlmlu 10:85 555 335 23 o7 o3 02 Decupationdl exposure should ot pxosed. 10 G (10,000
0 0 35 Kilovalts. :
. . = Exposure of workers with casdiac
current i fiowing ot i meclnd] Siogla power kne’ on two wooden pales N2 0430 BT 1580 &1 26 14 el Bston 16 (000
« Magnotic fiekds exist only when current i flowing (zimilar HmG*  imax. load) Single powet ine? on ooe ztael pole 0160 WP B NI 0 25 4 ==
water moving through 3 hose) — the greater the current, the Z0mG'  {max.loxd) Toem powne Iines? on steal towvers o steel polas SIS 4510 280 2085 S8 27 14 Amercan Corteence of Governcetal ekl Nygeevats LG 4
Yok - 2 B e achonpecf wetewcel
S e Gpaic Sl s:,, 200mG  (mox load) 5V and 1256V * 35180 10365 1090 855 313 16 12 ey Faneta
[ et I e sowdrs. MEvens ] i
HOW ARE MAGNETIC FIELDS MEASURED? A A e orbor g T v s 5 v 0 r et semee ' - .
The intensity of magnetic fields & meavured with an instiument eotaer st ROW ! A gl 138301 4¥ ! three L wiers ad. Rrpeutuct i : The st lavels s ot exceeded rwe Anases Uamaminsion |
- ! " I - ' ’ L f| Lrpe wiver o l-.- tghen . 0 . s
calied o gauss meter. Field intensity i typically recorded in Amron lovels 3t the odge of Right-0f-Way for 45 &V tansmuzon . m’:m b s iionr ol T s v o s v DAty e Nk ot An important point to make iz that o guideline limit s not 3 pre

s iof ot a qave] Plectromagnetic figids lirses (75 11) are typecally at or below S0 m3 O WIS I P SRSy L A celineation betveeen safety a0d hazard®




VHY DOESN'T THE UTILITY COMPANY BURY LINES IF
IELDS DROP OFF RAPIOLYT

wrying lines coes rot clmngte expozuze. While clectric figls
te-easily shigided, magneve fields dre not. At swreet level,
gnet:c held strength trom underground power lines depencs
n the numbst of cables, the spacing of the cables, the amount
1 cumment flowng through the lines and the dissance you are
tom them.

‘eak magnetic field levels 35 high 35 70 mG have been measured
sectly below overhiead distribution lines and 33 high as 20 mG
bove undarground linex. '

TEALTH EFFECTS

\re people living near high voltage powor at greater risk?
ven the exposure of people Iving in the viciaity of high voltage
Krecet lines differs very [ittle from the averaps expasure in

he population, ¥

fave clusters of cancer or other adverse health effects.
1oen linked to EMF exposure?

‘here have been no proven instances of cancer clusters inked
with EMF exposure. !

What are the bealth effects on general hoalth?

fased on 3 recent in-depth review of the seentific lierature,
e WHO concluded that current evidence does not confirm the:
muztence of any health consegquences from exposure to ow level
tiectromagnetic fiekss. *

= there an increaso risk of cancer?

115 clear that if electromagnatic fields do heve an effost

in cancer, then any Increase in usk will be extremely small.
"he tesults to date may contin imnconsigtencies, but no large
nereases in risk have been found for any cancer in children

¥ adults!

How do you interpret epidemiological studies?
Eprdemiciogical studlies alone typically cannct establich 3 clear
couse and effect relataship, mamly because they detect only
smtistical 3550c1ations between expasure and disease, which may
or may not be caused by the exposure. The case for
couse-and-effect link is if there is a consistent and
stong igtion bot and effect, 3 cloat

cose-espor P, 3 credidle brologs

suppont provided by telovant ammal studies, and above all
consistency between studies. These factors have generally been
absert s G ¢ gnetic fields and cancer. Thes
= ong of the ‘have generally been
reluctant to conclude thatweak elecromagnenic felds hive
heakh effects. *

Is there a link betweon EMF exposure and

childhood loukemia?

Despite mote than two decades of research to detormine
whither elevyted EMF exposure, principally to magnetic fields,
5 related 10 3n increase risk of childhood loukemia, there il
no definitive answer.’

E iy fow f1equency (ELF) magnetic fields were classified 33
possibly catcinogenic to humans based on epidemiological studies
of ehildhood leukemia. An example of 3 well-nown agent classified
inthe same category is coffee, which may increase risk of kidney
canzer, while 9t the same tme be pretectve against bowel cancer.
“Possibly carcinopenic to humans” & 3 classication used to dencte
an agent for which there 15 limited evidence of carcmogenicity m
humans 3nd less than sufficient evidence for carcinogenicity in
expanimental animals , . . While the classd of ELF magneti
fielda a5 possibly carcinogenic o humans has been made by the
International Agency for Research on Cancer, it remains possible:
hat there ate other explanations for the observed asseciation

b expasure to ELF magnetic fields and chi leukemia?

pest reasons why

Does EMF affect peoploe with pacemakers or other
medical devices?
The QUi developed by ACGIH sute
that workers with cardiac pacemakers should not be expased
0 3 B0-Hz magnetic field greater than 1,000 mG, Nyouare
about EMF effects on
defibrillaters or other implanted eloctronie medical davieas you
should consult your doctor '

OTMER POSSIBLE EFFECTS

What are the eflocts of EMF on farm animals?

Studies performed to date have found little evidence of EMF effects.
on fauna 3t levols below ICNIAPS gudeling levels. In panicular,
thete wize no adverse effects found on cattle graning below

powver lines, !

What aro the effects on crops and other plants?

Field studies of 50-60 He exposure to plants and crops have shown
no etfects at the levels normally found in the envitonment, nor even
at field levels rectly under power ines up 0 TESAV. ¢

Hew does EMF affect GPS for larm equipment?

Right up clese to 3 pylon, there might be some degradaton in
GPS performance, just a5 thete can be some degradation close to
buildings and trpes. Other than that, there iz no evidence of power
lines interfering with GPS.

USEFUL ADDRESSES AND PHONE NUMBIRS

Amtren’s EMF Information Line
Nassazan

U.S. Emvronmenta! Protection Agency Office of Radiation and
Indoor Air Radiation Protection Division (MC S60&J]

1200 Pennsyhania Avenue, NW
Wazhington, D.C. 20460-0001

202339677

Electromagnets
Fields

National Wnsttute of Emaroamental Hoalth Scionces Office
of Communications & Public Liaison

P.0. Box 12233, MO NH-10

Research Tnangle Park, NC 27703-2233

919.541.3345

Regional Office for the Americas of the Workd Haalth
Omanaation

525 Twenty-therd Street, NW.
Wazhington, 0.C. 20037

2025743000
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2007 WHO Research Agenda for Extremely Low Frequency Fields

Introduction

In 1997, the WHO 'International EMF Project developed a Research Agenda in order to
facilitate and coordinate research worldwide on the possible adverse health effects of
clectromagnetic fields (EMF). In subsequent years, this agenda has undergone periodic
review and refinement.

In October 2005, WHO carried out a health risk assessment of extremely low frequency (ELF)
electromagnetic fields up to 100 kHz, which is published as a WHO Environmental Health
Criteria monograph'. Gaps in knowledge about possible health effects of ELF field exposure
are identified in this monograph, and form the basis for research recommendations given in

this Research Agenda.

Following a standard health risk assessment process, it was concluded that there were no
substantive health issues related to ELF electric ficlds at levels generally encountered by
members of the public. Thus this Research Agenda addresses further research concerning the
possible acute and long term effects of exposure to ELF magnetic fields.

In general, acute effects are known to result from exposure to ELF magnetic field which
induces electric fields and currents in the body. These can, at high experimentally induced
field strengths (well above 100 pT), cause nerve and muscle stimulation and changes in nerve
cell excitability in the central nervous system. Various research recommendations are made
which address uncertainty in the threshold levels of these acute effects. With regard to long
term effects, epidemiological studies have presented data indicating an association between
ELF exposure above approximately 0.3-0.4 pT and an increased risk of childhood leukaemia,
Despite several decades of work, however, compelling evidence from experimental studies to
support a causal relationship is lacking. In addition, there is no widely accepted mechanism
by which ELF fields at normal environmental and occupational exposure levels might affect
the incidence of cancer or any other disease in the human population. Therefore, there is a
need to support the epidemiological evidence by establishing an in vitro cell response or
animal model response to ELF fields that is widely transferable between laboratories, if
indeed such responses occur,

Most studies carried out have concerned the possible effects of exposure to power frequency
fields. Further research on intermediate frequencies, usually taken as frequencies between 300
Hz and 100 kHz, is required given the present lack of data in this area. For these frequencies
very little of the required knowledge base for a health risk assessment has been gathered and
most existing studies have contributed inconsistent results, which need to be further
substantiated. General requirements for constituting a sufficient intermediate frequencies

"World Health Organization (2007). Extremely Low Frequency Fields, Environmental Health Criteria
238. Geneva, World Health Organization (see: www.who.int/emf).




database for health risk assessment include exposure assessment, epidemiological and human
laboratory studies, and animal and cellular (in vitro) studies.

Researchers are encouraged to use the present Research Agenda as a guide to studies that
have high value for future health risk assessments. To maximize the effectiveness of large
research programs, government and industry funding agencies are encouraged to address the
WHO Research Agenda in a coordinated fashion. Such coordination will minimize
unnecessary duplication of effort and will ensure the timeliest completion of the studies
identified as being of high priority for health risk assessment,

This Research Agenda is ordered in successive sections according to the weight each research
activity carries in human health risk assessment: epidemiology, laboratory studies in humans,
animals, cellular systems, and mechanisms. It should be recognized that, while
epidemiological and human laboratory studies directly address endpoints related to human
health, cellular and animal studies are of value in assessing causality and biological
plausibility.

Research topics relating to social sciences are included in this Research Agenda because of
the need to better understand the perception of risk from the general public and to better
communicate with the public on issues relating to ELF field exposure and health.

Each research activity is given a priority as follows:

- High priority research needs: Studies to fill imporiant gaps in knowledge that are
needed to significantly reduce the uncertainty in the current scientific information
relevant to health risk assessment,

- Other research needs: Studies to better assist the understanding of the impacts of ELF
field exposure on health and that would contribute useful information to health risk

assessment.

Epidemiology

Epidemiological studies are of primary importance in health risk assessment. When planning
epidemiological studies, investigators should consider international coordination and
collaboration to maximize statistical power to estimate small risks and to evaluate the role of
exposure patterns in different countries. Studies should focus not only on cancer but also on
non-cancer endpoints {e.g. chronic diseases such as neurodegenerative diseases, sleep
disturbances). Particular attention should be paid to the use of adequate estimates of exposure
from all relevant sources.

High priority research needs:
¢ Pooled analyses of existing childhood brain tumour studies

Rationale: Brain cancer studies have shown inconsistent results, This was also the case for
childhood leukaemia studies and here, pooled analyses have been very informative,
Therefore a pooled analysis of childhood brain cancer studies is recommended. Such
pooled analysis can inexpensively provide greater and improved insight into existing data,
including the possibility of a selection bias, and, if studies are sufficiently homogeneous,
provide the best estimate of risk,

¢ Update of existing pooled analyses of childhood leukaemla with new information

Rationale: Since the pooled analyses have been performed, several new epidemiological
studies have been published. The pooled analyses should be updated with the results from
these recent studies.

o Further study of the risk of amyotrophic lateral sclerosis in ‘electric’ cccupations




Rationale: Several studies have observed an increased risk of amyotrophic lateral sclerosis
in ‘electric occupations’. It is considered important to investigate this association further in
order to find whether ELFF magnetic fields are involved in the causation of this rare
neurodegenerative disease. This research requires studies in which sufficient information is
collected on ELF magnetic field exposure, electric shock exposure as well as exposure to
other potential confounders.

Other research needs:

o Update of existing pooled and meta-analyses of adult leukaemia and brain tumour
studies and cohorts of occupationally exposed individuals

Rationale: For adult leukacmia and brain cancer, it is recommended that existing large
cohorts of occupationally exposed individuals be updated. Occupational studies and pooled
and meta-analyses for leukemia and brain cancer have been inconsistent and inconclusive.
However, new data have subsequently been published and should be used to update these
analyses.

e Further study of the possible link between miscarriage and ELF magnetic field
exposure

Rationale: There is some evidence that the risk of miscarriage may be affected by ELF
magnetic fields exposure. Taking into account the potentially high public health impact of
such an association, further epidemiological research into this hypothesis is recommended.

o Further study of the risk of Alzheimer’s disease in relation to ELF magnetic field
exposure
Rationale: For Alzheimer's disease, it remains a question whether ELF magnetic fields
constitute a risk factor. The data currently available are not sufficient and this association
should be further investigated. Of particular importance is the use of morbidity rather than
mortality data.

Human volunteer studies

Human laboratory studies allow ELF field effects to be studied on humans with control of
experimental parameters, but are confined to investigations of acute, transient effects. For all
volunteer studies, it is mandatory that research on human subjects is conducted in full accord
with ethical principles, including the provisions of the Helsinki Declaration’.

High priovity research needs:
None,

Other research needs:

o Cognitive, sleep and EEG studies in volunteers, including children and occupationally
exposed subjects, using a wide range of ELF frequencies at high ficld strengths

Rationale: Studies of adult volunteers and animals suggest that acute cognitive effects may
occur with short-term exposures to intense fields. The characterization of such effects is
very important for the development of exposure guidance, but there is a lack of specific data
concerning field-dependent effects, particularly in children. It is recommended that

* World Medical Association (2004). Declaration of Helsinki: Ethical Principles for Medical Research
Invelving Human Subjects. (http:/www.wma.net/e/ethicsunit/helsinki.htm, accessed 12-2-2007).




laboratory-based studies of cognition and changes in electroencephalograms (EEG) in
people exposed to ELF magnetic fields be performed, including children and occupationally
exposed adults.

Animal studies

Animal studies are used when it is unethical or impractical to perform studies on humans and
have the advantage that experimental conditions can be rigorously controlled, even for
chronic exposures,

High priority research needs:

s Development of transgenic mouse models of chlldhood teukaemia for use in EMF
studies .

Rationale: Resolving the conflict between epidemiological results and experimental and
mechanistic results for childhood leukaemia is the highest priority. It is recommended that
epidemiologists and experimental scientists collaborate on this. To. this end, the
development of transgenic mouse models for childhood leukaemia should be undertaken in
order to provide appropriate experimental animal models relevant to the epidemiological
data showing an association of EMF exposure with childhood leukaemia.

¢ Evaluation of co-carcinogenic effects of ELF fields

Rationale: For animal studies the weight of evidence is that there are no significant
carcinogenic effects of ELF magnetic fields alone. Therefore high priority should be given
to studies in which ELF fields are rigorously evaluated as a co-carcinogen.

Other research needs:

o Studies of pre- and post-natal EMF exposure up to 100 kHz on subsequent cognitive
function in animals

Rationale: Behavioural studies with immature animals provide a useful indicator of
possible cognitive effects in children. Possible effects of pre- and post-natal exposure on the
development of the nervous system and cognitive function should be studied. These studies
could be usefully supplemented by investigations on the effects of exposure to ELF
magnetic fields and induced electric fields on nerve cell growth using brain slices or
cultured neurons,

o Further investigation of opicid and cholinergic responses in animals

Rationale: There is a need to further investigate potential heaith consequences suggested by
a considerable body of experimental data showing opioid and cholinergic responses in
animals. Studies examining the modulation of opioid and cholinergic responses in animals
should be extended and the exposure parameters and the mechanistic biological basis for
these behavioural responses should be defined,

e Studies of ELF . magneuc field exposure on immune and haemopoietic systems
development in juvenile animals

Rationale: While changes observed in immune and haematological parameters observed in
adults exposed to ELF showed inconsistency, there are essentially no research data
available for children. Therefore, the recommendation is to conduct studies on the effects of
ELF magnetic exposure on the development of the immune and haemopoietic systems in
juvenile animals,




Cellular studies

Studies in tissues, living cells and celi-free systems play a supporting role in health risk
assessments and are usually used to investigate mechanisms of interaction with EMFs.
However, they are not generally taken alone as evidence of effects /n vivo (in animals or

people).

High priority research needs:

* Evaluation of co-carcinogenic effects using in vitro studies

Rationale: The weight of evidence supports the view that there are no significant
carcinogenic effects of ELF magnetic fields alone. Therefore high priority should be given
to studies in which ELF fields are rigorously evaluated as a co-carcinogen.

Other research needs:
. Replication'of in vitro genotoxic stu d_ie;_é .

Rationale: With regard to other in vitro studies, experiments reporting the genotoxic effects
of intermittent ELF magnetic field exposure should be replicated.

Biophysical mechanisms

If ELF electric or magnetic fields, at very low levels, can adversely affect health, then a
biophysical interaction must occur through some mechanism whereby biological changes that
are detrimental to health are produced in an exposed person. The experimental evidence
conceming particular biological effects would be strengthened by the identification of
plausible interaction mechanisms that can lead to such effects.

There are three main areas where there are obvious limits to current understanding of
mechanisms: signal-to-noise ratios in multi-cell systems such as neuronal networks magnetic
particles in the body anrd the radical pair mechanism.,

High priority research needs:

¢ Determination of threshold responses to ELF-induced internal electric ﬁ;&lds on multi-
cell systems, such as neural networks, using theoretical and in vitro approaches

Rationale: The extent to which multi-cell mechanisms operate in the body, especially in the
brain, to improve signal-to-noise ratios should be further investigated in order to develop a
theoretical framework for quantifying this or for determining any limits on it. In addition,
further investigation of the threshold and frequency response of the neuronal networks in
the hippocampus and other parts of the brain should be examined using in vitro approaches.

Other research needs;

o Further study of radical pair mechanisms in immune cells that generate reactive
oxygen species as part of their phenofypic function

Rationale: The radical pair mechanism is one of the more plausible low-level interaction
mechanisms, but it is yet to be shown that it is able to mediate significant effects in cell
metabolism, It is particularly important to understand the lower limit of exposure at which
it acts, so as to judge whether this could or could not be a relevant mechanism for
carcinogenesis. It is recommended that cells of the immune system that generate reactive
oxygen species as part of their immune response be used as cellular models for




investigating the potential of the radical pair mechanism, given recent studies in which
reactive oxygen species were increased in immune cells exposed to ELF,

o Further theoretical and experimental study of the possible role of magnetite in ELF
magnetic field sensitivity :

Rationale: Although the presence of magnetic particles (magnetite crystals) in the human
brain does not, on present evidence, appear to confer sensitivity to environmental ELF
magnetic fields, further theoretical and experimental approaches should explore whether
such sensitivity could exist under certain conditions. Moreover, any modification that the
presence of magnetite might have on the radical pair mechanism discussed above should be
pursued.

Dosimetry

Expert dosimetric support for experimental studies of all types is criticat to their proper design
and interpretation, Computational dosimetry provides the link between an external magnetic
field and the internal electric fields and induced currents in living tissues within the field.
Such theoretical techniques allow the fields to be characterized in specific tissues and organs,

High priority research needs:
None.

Other research needs:

¢ Further computational dosimetry relating external electric and magnetic fields to
internal electric fields, particularly concerning exposure to combined electric and
magnetic fields in different orientations

Rationale: In the past, most laboratory research was based on induced electric currents in
the body as a basic metric and thus dosimetry was focused on this quantity, Only recently
work started to explore the relationship between extemal exposure and induced electric
fields. For a better understanding of biologicat effects and for the development of exposure
guidelines, more data on internal electric fields for different exposure conditions are needed.
Computation should be made of internal electric fields due to the combined influence of
external electric and magnetic fields in different configurations: vectorial addition of out-of
phase and spatially varying contributions of electric and magnetic fields is necessary to
assess basic restriction compliance issues.

e Calculation of induced electric fields and currents in pregnant women and in the
foetus

Rationale: Very little computation has been carried out on advanced models of the pregnant
human and the foetus with appropriate anatomical modelling. It is important to assess
possible enhanced induction of electric fields during foetal life in relation to the childhood
leukaemia issue. Both maternal occupational and residential exposures are relevant here,

¢ Further refinement of microdosimetric models -taking into account .cellular
architecture of neural networks and other complex suborgan systems .

Rationale: There is a need to further refine microdosimetric models to take into account the
cellular architecture of neural networks and other complex sub-organ systems identified as
being sensitive to induced electric field effects compared to other tissues. This modelling
needs to take into account influences in cell membrane electrical potent:als and on the
release of neurotransmitters.




Sources, Measurements and Exposures

The identification of sources of ELF electric and magnetic fields, the measurement of fields
they emit and the exposure of members of the public and workers to such fields is a primary
step in the assessment of the possible health consequences of such exposure.

High priority research needs:

» Identification of gaps in knowledge about occupationai ELF exposure, such as in MRI

Rationale: 1t is suspected that in some cases of occupational exposure the present ELF
guideline limits are exceeded. More information is needed on exposures (including non-
power frequencies) related to work on, for example, live-line maintenance, work within or
near the bore of MRI magnets (and hence to gradient swrtchmg ELF fi elds) and work on
transportation systems.

Other research needs:

¢ Further characterization of homes with high ELF magnetic field exposure in different
countries

" Rationale: Further charactenzatton of homes with high ELF exposure in different countries
to identify relative contributions of internal and external sources, the influence of
wiring/grounding practices and other characteristics of the home could give insights into
identifying a relevant exposure metric for epidemiological assessment. An important
component of this is a better understanding of foetal and childhood exposure to EMFs,
especially from residential exposure to under-floor electrical heating and from transformers
in apartment buildings.

» Assessment of the ability of residential wiring outside the USA to induce contact
currents in children

Rationale: Exposure to contact current has been proposed as a possible explanation for the
association of magnetic fields with childhood leukaemia. Research is needed in countries
other than the USA to assess the capability of residential electrical grounding and plumbing
practices to give rise to contact currents in the home. Such studies would have priority in
countries with positive associations between ELF magnetic field exposure and childhood
leukaemia

Social Issues

The benefits of the use of electric power, and the possible costs to society of any adverse
effects on health that might result from exposure to the electromagnetic fields that electrical
equipment generates, are important socio-economic issues. In addition, the development of
adequate health protection policies for communities and the communication of appropriate
information concerning risk also form an important part of the way in which developing
technologies are integrated into society.

High priority research needs:

None,

Other research needs:




¢ Further research on risk perception and communication focused on ELF magnetic
fields

Rationale: Psychological and sociological factors influencing risk perception in general
have been widely investigated. However, limited research has been carried out to analyse
the relative importance of these factors in the case of ELF magnetic fields, or to identify
other factors that are specific to the risk perception of these fields. Recent studies have
suggested that precautionary measures, conveying implicit risk messages, can modify risk
perception by either increasing or reducing concerns. Deeper investigations in this area are
therefore warranted

o'Develapment oi' cost—benel‘t.’eﬁ‘ect!veness ana!ysis for mitigatlon of ELF magnetic
fields

Rationale: The use of cost-beneﬁt and cost-effectweness analysm for evaluating whether a
policy option is beneficial to society has been researched in many areas of public policy.
The development of a framework that wilt identify which parameters are necessary in order
to perform this analysis for ELF magnetic fields is needed. Due to uncertainties in the
evaluation, quantifiable and unquantifiable parameters will need to be incorporated.

¢ Research on the development and implementation of health protection policies in
areas of scientifle uncertainty Lo

Rationale: When there are uncertainties about the potential health risk an agent imposes on
society, precautionary measures may be warranted in order to ensure appropriate protection
of the public and workers, Only limited research has been performed on this issue for ELF
magnetic fields, and therefore more research would be useful to policy makers.
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CAS No Agent Group Volume Year
Hexachiorocyclohexanes 2B 20,8up7 1987
000087-72-1 Hexachloroethane 28 73 1986
000142-83-8 2 4-Hexadienal 28 101 2013
000680-31-8 Hexamethylphosphoramide 2B 15,8up7,71 1999
Human iImmunodeficiency virus type 2 (infection with) = 2B 87 ' 1998
Human papiliomavirus types 5 and 8 (in patients with 2B 100B 2012
epidermodysplasia verruciformis) '
Human papillomavirus types 26, 53, 88, 67, 70, 73, 82 28  100B 2012
Human papillomavirus types 30, 34, 69, 85, 97 28 100B 12012
(NB: Classified by phylogenetic analogy to the HPV
genus alpha types classified in Group 1) -
000302-01-2 Hydrazine 2B 4, 8Sup7, 71 1999
000068-93-5 Hydrochlorothiazide 2B 50,108 in prep
000129-43-1_1-Hydroxyanthraguinone 2B 82 2002
000183-39-5 Indeno]1,23-cd]pyrene 2B 92 - 2010
009004-88-4 Iron-dextran complex 28 2 Sup7 1987
000078-79-5 isoprene 2B 80,71 1689
JC polyomavirus (JCV) 2B 104 2013
008000-38-8 Kava extract 2B 108 in prep
000303-34-4 Lasiocarpine 2B 10, Sup? 1987
007439-62-1 Lead 2B 23, Sup7? 1987
000832-99-5 Magenta 2B 67,99 100F 2012
Magnetic fields, extremely low-frequency 2B 80 2002
068006-83-7 MeA-alpha-C (2-Amino-3-methyl-9H-pyrido[2,3-blindole) 2B 40, 8up? 1987
000071-68-9 Medroxyprogesterone acetate 2B 21, 8up? 1987
077084-11-2 MelQ (2-Amino-3,4-dimethylimidazo[4,5-fjquinoline) 2B 58 1993
077500-04-0 MelQx (2-Amino-3,8-dimethylimidazol[4,5-fquinoxaline) 2B 58 1693
000531-76-0 Merphalan 2B _9,8up7 1987
000124-58-3 Methylarsonic acld 2B 100C 2012
000075-55-8 2-Methylaziridine {Propyleneimine} - 2B 9 Sup?7, 71 1989 -
000592-62-1 Methyiazoxymethanol acetate 28 10, Sup7 1987
003897-24-3 §-Methylchrysene 2B 92 2010
000838-88-0 4,4-Methylene bis(2-methylaniline) 2B 4,8up7 1987
000101-77-9 4 4-Methylenedianiline 2B 39 Sup7 1987 -
000093-15-2 Methyleugenoi 2B 101 2013
000693-98-1 2-Methylimidazole 28 101 __ 2013
000822-36-6 4-Methylimidazole 28 101 2013
000108-10-1_Methyl isobutyl ketone 2B 101 2013
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Electromagnetic fields stress living cells
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Abstract

Electromagnetic fields (EMF), in both ELF (exuemely kow frequency) andradio frequency (RF) ranges, activate the cellular stress tespanse,
a proteative mechanism thatinduces the expression of stress genes, e-g., HSPT0, and increased levels of stress proteins, e.g., bsp70.
The 20 diffecent suess protein families are evolutionarily conserved and 2ct a5 “chaperones’ in the cell when they ‘help’ repair and refold
damaged proteins ard transport them across cell membranes. Induction of the stress response involves activation of DNA, and despite the
large difference in energy between ELF and RF, the same cellular pathways respend in both frequency ranges. Specific DNA sequences on
the promoter of the HSP70 stress gene are responsive to EMF, and studies with model biochemical systems suggest thal EMF could interact
directly with electrons in DNA. While low energy EMF interacts with DNA (o induce the suess response, increasing EMF energy in the RF
range can lead to breaks in DNA strands. It is clear that in order to protect living cells, EMF safety limits must be changed from the cument
thermal standard, based on energy, 1o one based on biological responses that occur long before the threshold for thermal changes.
© 2009 Elsevier Ireland Ltd. All rights reserved.

Keywords: ONA; Biosynthesis; Electtomagnetic fields: ELF: RF

1, Eleclromagnetic fields (EMF) alter protein proteins that have broken down and those needed duting cell
division.

New insights into the structure and function of DNA have
resulted from numerous, well-done laboratory studies. The
demonstration that EMF induces gene expression and the
synthesis of specific proteins [1,2] generated considerable

synthesis

Unti) recenty, genetic information stored in DNA was
considered essentially invulnerabletochange asit waspassed
on from parent to progeny. Mutations, such as those cavsed
by cosmic radiationat the mostenergetic end of the EM spec- controversy from power companies, govemment agencies,
trum, were thought to be relatively infrequent. The model of physicists, and most recently, cell phone companies. Physi-
generegulation was believed 1o be that the negatively charged cists have insisted hat the reported resulis were not possible
DNA was tightly wrapped up in the nucleus with positively because there was not enough energy in the power frequency
charged hisiones, and that most genes were “turned off” most range (BLF) to aclivate DNA. They were thinking solely of
of the time. OFf course, different regions of the DNA code mechanical interaction with a large molecule and not of the
are being read more or less all the time to replenish essential large hydration energy tied up in protein and DNA structures

that could be released by small changes in charge (3). Of the
. - i . > biologisis who accepled such resulis [4), most thought that
s e e L ey the EMF interaction originated al, and was amplified by, the

Irm' frequency; RE m!ilo frequency; MAPK, mitogea acdvaued protein :
kinase; ERKIN2, extreccitvlar signal regulated kinase; JNK, e-Jua-teaming) cell membrane and not with DNA.
kinsse pISMAPK: SAPK. stress activated proteia kinase; NADH, nicoti- Itis now generally accepted that weak EMF in the power

namideadenine dinccleotice dehydrogensse: ROS, reactiveorygenspecies.  frequency range can activate DNA 10 synthesize proteins
* Coqesponding 2uthor at: Depariment of Physiology, Columbia Univer- 7 s g
iy, 630 West 163 Sweet, Hew York, NY 10032, An EMF reactive sequence in the DNA has been identified
(5] and shown to be transferable to other gene promoters

USA. Tel: +1212 305 3644; fax: «1 212 305 5775. . e
E-mail oddress: mb32@ columbiaedy (M. Blank). [6). This DNA sequence acis as an EMF sensitive antenna

0928-4680V8 ~ g2z frord matter © 2009 Elizvier Irehiod Lid. Al rights resenved,
d0i:10.16167 gathophys. 2009.01.006
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that responds to EMF when transfected into reporter genes.
Research at the more encrgetic levels of power frequency [7)
and in the RF [8] ranges has shown that exposure to EMF
can lead to breaks in the DNA strands. Therefore, DNA can
no longer be considered unaffected by environmental EMF
levels. Itcan be activated and damaged by EMF at levels that
are considered safe (9). The vulnerability of DNA to environ-
menlal influerces and the possible dangers associated with
EMF, had been underscored by discovery of EBMF activation
of the cellular stress response in the ELF range [10,11). The
cellular'stress response is an unambiguous signal by the cell
that EMF is potentially harmful.

2, Physlological stress and cellular stress

Discussions of physiological stress mechanisms usually
describe responses of the body to pain, fear, ‘oxygen debt’
from muscle overexertion. These responses are mediated by
organ systems. For example, the nervous system transmits
action potentials along a network of nerves to cells, such
as adrenal glands, that release rapidly acting agents such as
epinephrine and norepinephrine and slower acting mineralo-
corticoids. These hormones are transported throughout the
body by the circulatory system. They mabilize the defenses
1o cope with the adverse conditions and enable the body to
‘fightor flee’ from the noxious stimuli. The defensive actions
include changes in heast rate, breathing rate, muscle activity,
ete.

inadditionto the responses of organsystems, there are pro-
tective mechanisms at the cellular level known as the cellular
atress response. These mechanisms are activated by damage
to cellular components such as DNA and protein (12), and
the responses are chamcterized by increased levels of stress
proteins [13] indicating that stress response genes have been
upregulated in response to the stress.

The first stress response mechanism identified was the
cellular reaction to sharp increases in temperature [14) and
was referred to as ‘heat shock', a term that is still retained
in the nomenclature of the protective proteins, the hsps, heat
shock proteins. Stress proteins are designated by the prefix
*hsp® followed by a number that gives the molecular weight
in kilodaltons. There are about 20 different protein families
ranging in molecular weight from a few kilodaltons to over

100 kD, with major groups of proteins around 30kD, 70kD
and $0kD.

Research on the *heat shock” response has shown that hsp
synthesis is activated by a variety of stresses that are poten-
tially harmful ta cells, including physical stimuli lixe pH and
osmotic pressure changes, as well as chemicals such as alco-
hol and toxic metal ions like Cd?*. EMF is a recent zddition
1o the list of physical stimuli. It was initially shown in the
power frequency (extremely low frequency, ELF) range (13,
but shortly afterwards, radio frequency (RF) fickds [15) and

. amplitude modulated RF ficlds [16) were shown to activate

the same stress response.

Studies of stress protein stimulation by low frequency
EMF have focused on a specific DNA sequence in the
gene promoter that codes for hsp70, a major stress pro-
tein. Synthesis of this stress protein is initiated in a region
of the promoter (see Fig. 1) where a transcription factor
known as heat shock factor 1 (HSF-1) binds to a heat shock
element (HSE). This EMF sensitive region on the HSP70
promoter is upstream from the thermal domain of the pro-
moter and is not sensitive to increased temperature. The
binding of HSF-1 to HSE occurs at —192 in the HSPT0 pro-
moter relative to the transcription initiation site, The EMF
domain contains three nCTCTn myc-binding sites —230,
—166 and — 160 relative to the transcription inftiation site and
upstream of the binding sites for the heat shock (nGAAn) and
serum responsive elements [5,6,17,18). The clectromagnetic
response elements (EMRES) have also been identified on the
c-myc promoter and are also responsive to EMF. The sensitiv-
ity of the DNA sequences, nCTCTn, to EMF exposures has
been demonstrated by transfecting these sequences into CAT
and Luciferase reporter genes (6). Thus, the HSP70 promoter
contains different DNA regions that are specifically sensitive
to diffecent stressors, thermal and non-thermal,

Induction of increased levels of the major stress protein,
hsp70, by EMF is rapid, within Smin. Also it occurs at
extremely low levels of energy input, 14 orders of mag-
nitude lower than with a thermal stimulus (10). The far
greater sensitivity to EMF than to temperature change in
elevating the protective protein, hsp70, has been demon-
strated to have potential clinical application, preventing
injury from ischemia reperfusion [19-21). George et al. [22)
have shown the non-invasive vse of EMP-induced stress pro-
teins improved hemodynamic parameters during reperfusion
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Fig. 2, The four mitogea sctivated protela kinase (MAPK) signaling cascades identificd 10 date are: exteacellular signal regulated kinase 172 (ERK), ¢-Jon-
tenminal kinzte (INK), pISMAPK and stress activated protein kinase (SAPK). Elements of ibe theee MAPKinase pathways that have been identified as sccivated

by EMF sre shown at the shaded circles.

following ischemia. This effect occurred in the absence of
measurable increased temperature.

3. EMF interaction with signaling pathways

EMF penetrate cells unattenvated and so can interact
directly with the DNA in the cell nucleus, as well as other
cell constituents. However, biological agents are impeded by
membranes and require special mechanisms to gain access to
the cell interior. Friedman et al. [23] have demonstrated that
tha initial step in transmitting extracellular information from
the plasma membrane to the nucleus of the cell occurs when
NADH oxidase rapidly generates reactive oxygen species
(ROS). These ROS stimulate matrix metalloproteinases that
allow them to cleave and release heparin binding epidermal
growth fector. This secreted factor activates the epidermal
growth receptor, which in tum activates the extracellular sig-
nal regulated kinase 1\2 (ERK) cascade. The ERK cascade
is one of the four mitogen-activated protein kinase (MAPK)
signaling cascades that regulate transeriptional activity in
response to extracellular stimuli, ‘The elements of the three

EMF
¢ N
v DNA - hsp70

¥ ROS it? 12

Signaling Pathways

Fig. 3. The signaling pathways and the stress response are activated by EMF,
The sctivation meehanivms dircvesed in the tent are indicated by arrowa. In
ke stress response, DINA activatizn leads (9 hsp syeibesis and may be duc to
direct EMT interaction with DNA. The sigaaling pathways sre activated by
reactive anygeaspecies (ROS) that are probably gecerated by EMF. Possible
interactions betaeenthe pathways, DNA and hip ae indicated with qeestion
ks, Inany cate, EMF leads 10 activation of all the processes shown,

MAPK signaling cascades implicated in exposures to ELF
and RF are highlighted in Fig. 2.

The four MAPK cascades are: (1) ERK, (2) c-Jun-terminal
kinase (JNK), (3) stress activated protein Kinase (SAPK) and
(4) p3BSAPK. Hach of the cascades is composed of three
to six tiers of protein kinases, and their signals are trans-
mitted by sequential phosphorylation and activation of the
protein kinases in each of the tiers. The result is zctivation
of a large number of regulatory proteins, which include a set
of transeription factors, e.8., ¢-Jun, ¢-Fos, hsp27 and hsp70.
Activation of the stress response is accompanied by acti-
vation of specific signal transduction cascades involved in
regulating cell proliferation, differentiation and metzbolism
{24-26). The MAPK pathways have been characterized in
several cell types [24,27-30). Exposure to non-thermal ELIF
as well as thermal RF affects the expression of many cellular
proteins [23-25) (Fig. 3).

The elevated expression of these protein transcription fac-
tors participate in the induction of various cellular processes,
including several that are affected by cell phones, e.g., repli-
cation and cell-cycle progression [25,31] and apoptosis [32).
RF fields have been shown 1o zctivate specific transcription
factor binding that stimulate cell proliferation and induce
stress proleins [25,33]. It has been reported (31] that within
10 min of cell phore exposures, two MAPKinase cascades,
p38 and ERK1\2, are activated. Both ELF and RF ectivate
the upregulation of the HSP70 gene endinduction of elevated
levels of the hsp70 protein. This effect on RNA transcription
and protein stability is controlled by specific protein tran-
scription factors that are elements of the mitogen MAPK
cascade.

EMF also stimulate serum response factor which binds
to the serum response element (SRE) through ERK MAPK
activation and is associated with injury and repair in vivo and
in vitro. The SRE site is on the promoter of an early response
gene, c-fos, which under specifie cellular circumstances has
oncogenic properties. The c-fos promoter is EMF-sensitive; a
20min exposure to 60 Hz 80mG fields significantly increases
c-fos pene expression (34). The SRE accessory protein,
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Elk-1, contains a growth-regulated transcriptional activation
domain. ERK phosphorylation potentiates Elk-1 and trans-
activation 2t the ¢-fos SRE [29).

During the past twenty years, the growing use of cellular
phones has aroused great concemn regarding the health effects
of exposure of the brain to 900MHz RF waves. Despite
claims that the energy level is 100 low to induce changes
in DNA and that the devices are safe, the non-thermal effects
that have been demonsirated at both BLY and RF exposure
levels can cause physiological changes in cells and tissues
even 2t the level of DNA. Finally, it should be mentioned
that some of the pathways described in this section also have
rolesin protein synthesis via RNA polymerase 1, an enzyme
in oncogenic pathways [35) and could, therefore, provide a
mechanistic link between cancer and EMF exposure,

4. Cells affected by the stress response

Reviewson EMF znd the stress response have appeared for
the ELF range (13) and for the RF range [36). The mostrecent
review was published online in section 7 of the Bioinitia-
tive Report [9), ad it summarized both ELF and RF studies,
mainly at frequencies S0 Hz, 60 Hz, 900 MHz and 1.8 GHz.
Theeitationsinthatreview were notexhaustive, but the diffes-
ent frequencies and biological systems represent the diversity
of results on stimulation of DNA and stress protein synthe-
sis in many diffeent cells. It is clear that the stress response
does not occur in reaction to EMF in all types of cells, and
sometimes because of the use of tissue cultured cell lines,
even the same cell line can give opposite results in the same
laboratory [37).

Many different types of cells have been shown to respond
to EMF, both in vivo and in vitro, including epithelial,
cendothelial and epidermal cells, cardiac muscle cells, fibrob-
lasts, yeast, E. coli, developing chick eggs, and dipteran cells
(see Bioinitiative Report [9), section 7). Tissue cultured cells
are less likely to show an effect of EMF, probably because
immeortalized cells have been changed significantly to enable
them to five indefinitely in unnatural laboratery conditions.
This may also be true of cancer cells, although some (e.g.,
MCF7 breast cancer cells) have responded to EMF (38,39),
and in HL6O cells, one cell line responds to EMF while
anotherdoes not (24). Czyz etal.[16) found thatpS3-deficicnt
embryonicstem cells showed anincreased EMF response, but
the wild type did not.

A broad study of genotoxic effects (i.c., DNA damage)
in different kinds of cells [40) found no effects with lym-
phecyles, monocyles and skeletal muscie cells, but did find
elfects with fibroblasts, melanocytes and rat granulosa cells.
Other studies [41,42] have also found that the blood elements,
suchas lymphocytes and monocytes are natural cells that have
not responded, Since mobile cells can easily move away from
a strzss, there would be liule selective advantage and evolu-
tionary pressure for developing the stress response. The lack
of response by skeletal muscle cells is related to the need

Table |
Biclogical theesholds inthe ELF range.
Biological system Theshold  Refererse
(T
Acceleration of reaction rates
Na,K-ATPase 0203 Bliek 224 S0 [49]
cytochrome oxidue 03506 Blaek a=d Seo (43)
crnithine decubonylase ~1 Mullins etal. [58)
malonic a¢id oxidation <0% Blisk and Soo (59)
Biosyrahesis of stress proteing
HLAD, Sciara, yeast, <08 Goodmanetal [11)
beeast (HTB124, MCFT) <08 Linetal [39)
chick eanbeyo (asonia) =2 DiCarloctal. [60)
Breast cazzer (MCF7) cell growth
block melstonin ishibition 02<12  Liturdyelal. P§)
Leskermia epideriology 034 ARltometa). [§1)

Greenland etal |62]

* The estimated valaes ate for departures from the basefice, although
Mallins et 2\, (1999) asd DiCulo <t al, (2000) generally give inflection
poists in the dse~response cunves. The kekemis epidemiolagy valees are
rot experimenta] and aze listed for comparisoa.

to desensitize the cells to excessive heating during activity.
Unlike slow muscle fibers that do synthesize hsp70, cells con-

. taining fast muscle fibers do not synthesize hsp70 to protect

them from over-reacting to the high temperatures reached a

. during activity.

S. EMF—-DNA interaction mechanisms: electron
transfer

The biochemical compounds in living cells are composed
ofcharges end dipoles that can interact with electric end mag-
netic fields by various mechanisms. An example discussed
earlier is the generation of reactive oxygen species (ROS) in
activation of the ERK signaling cascade, The cellular stress
response leading tothe synthesis of stress proteins is zlso acti-
vated by EMF. However, the specific reaction is not known,
except that it is stimulated by very weak EMF. For this rea-
son, our focus has been on molecular processes that are most
sensitive to EMF and that could cause the DNA to come apast
1o initiate biosynthesis. We have suggested that direct EMF
interaction with electrons in DNA is likely for the following
TEasons:

o The largest effects of EMF would be expected on elec-
trons because of theie high charge to mass ratio. At
the sub-atomic level, one assumes that electrons respond
instantancously compared to protons and heavier atomic
nuclei, as in the Bomn-Oppenheimer Approximation. The
very low field strengths and durations that activate the
stress response and other s (Table 1) suggestinter-
action with electrons, and make fon-based mechanisms
unlikely. :

Weak ELF fields have been shown to-affect the rates of
electron transfer reactions (43,44). A 10 T magnetic fizld
exentsavery small forteofonly--IO‘mNomunilchuge,
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but this force can move an isolated electron more than a
bond length, ~1 nm, in ~1 n2nosecond.

o There is a specific EMF responsive DNA sequence that
is associated with the response to EMF (Fig. 1), and that
retains this property when transfected

e Displacement of elecuons in DNA would cause local
charging that has been shown to lead to disaggregation
of biopolymers [45).

v As ke eneigy in an EME siimulus increases, there is an
increzse in single strand breaks, followed by double strand
breaks, suggesting an interaction with EMF at all energy
levels [46).

Effects of EMF on electrons in chemical reactions were
detected indirecdy in studies on the Na,K-ATPase [47), 2
ubiquitous enzyme that ¢stablishes the normal Na and K
ion gradients across cell membranes. Electric and magneétic
fields, each accelerated the reaction only when the enzyme
was relatively inactive. It is reasonzble to assume that the
threshold response occurs when the same charge is affected
by the two fields, so the velocity (v) of the charge (g) could
be calculeted from these measurements and ils nature deter-
mined. Assuming both fields exert the same force at the
threshold, the electric (£) and the magnetic (8) forces should
be equal.

F = qE = quB. (1

From this v= E/B, the ratio of the threshold fields,

and by substituting the measured thresholds [48,49),

© E=$5x 107 V/m end B=5x 1077T (0.51T), we obtain

—
» eylochrome oxidase, ATP hydrolysis by the Na,K-ATPase,

v = 10°m/s. This very rapid velocity, similar to that of elec-
trons in DNA [50), indicated that electrons were probably
involved in the ion transport mechanism of the Na,K-ATPase
{47). An electron moving at a velocity of 10% m/s crosses the
enzyme (~10~% m) before the ELF field has had a chance
to change. This means that a low frequency sine wave sig-
nal is effectively a repeated DC pulse. This is true of all low
(requency effects on fast inoving electrons.

Studies of effects of EMF on electron transfer in

and the Belousov-Zhabotinski (BZ) redox reaction, have led
to certain generalizations:

e EMF can accelerate reaction rates, including electron
transfer rates

¢ EMFectsasaforce thatcompetes with the chemical forces
in a reaction. The effect of EMF varies inversely with the
intrinsic reaction rate, so EMF effects are only seen when
intrinsic rates are low. (This is in keeping with the ther-
apeutic efficacy of EMF on injured tissue, while there is
usually little or no effect on normal tissue.)
Expedmentally determined thresholds are low (~0.5 uT)
and comperable to levels found by epidemiology. See
Table 1.

Effects vary with frequency, with different optima for the
reactions studied: The two enzymes showed broad fre-

quency oplima close to the reaction turnover numbers for
Na K-ATPase (60 Hz) and cytochrome oxidase (800 Hz),
suggesting that EMF interacted optimally when in syn-
chrony with the molecular kinetics. This is not wue for
EMF interzctions with DNA, which are stimulated in both
ELF and RF ranges and do not appear to involve electron
transfer reactions with well-defined kinetics,

Probably the most convincing evidence for a frequency
sensitive mechanism thatinvolves stimulation of DNA is acti-
vation of protein syathesis in striated musele. In this natural
process, specific muscle profeins are synthesized by varying
the rate of the (electrical) action potentials in the attached
rerves [51]. The ionic currents of the action potentials that
flow along and through the muscle membranes, also pass
through the muscle cell nuclei that contain the DNA codes
for the muscle proteins, Two frequencies were studied in mus-
cle, high (100 Hz) and low (10 Hz) frequency, corresponding
to the frequencies of the fast muscles and slow muscles that
have different contraction rates and different muoscle proteins.
In the experiments, either the fast or slow muscle proteins
were synthesized at the high or low frequency stimulation
rates comesponding to the frequency of the action poten-
tials, The clear dependence of the protein composition on
the frequency of the action polentials indicates a relation
between stimulation and activation of DNA in muscle physi-
ology. The process is undoubtedly far more complicated and
unlikely to be 2 simple electron transier reaction as with
cytochrome oxidase. It is more probable that an entire region
of DNA coding for a group of related proteins is activated
simultancously.

A mechanism based on electron movement is in keeping
with the mV/m electric ficld and T magnetic ficld thresholds
that affect the Na,K-ATPase, The very small force on acharge
(~10~2N) can affect an electron, but is unlikely to have a
direct effect on much more massiveions and molecules, espe-
ciallyifthey are hydrated, lons are affected by the much larger
DC electric fields of physiological membrane processes. The
low EMF energy can move electrons, cause small changes
in charge distribution and release the large hydration energy
tiedupinproteinand DNA structures [3). Electrons have been
shown to move in DNA at great speed (50], and we have sug-
gested that RF and ELF fields initiate the stress response by
directly interacting and accelerating electrons moving within
DNA [52,53).

A mechanism based on electron movement also provides
insight into why the same stress response is stimulated by
both ELF and RF even though the encrgies of the two stim-
vli differ by orders of magnitude. A typical ELF cycle at
107Hz lasts 10725 and a typical RF cyele at 10" Hz lasts
10~ 5, Because the encrgy is spread over a different num-
berof cycles/second in the two ranges, the energy/cycle is the
same in both ELF and RF ranges. Since electron movement
occurs much faster than the change of ficld, both frequen+
cies are seen by rzpidly moving ¢lectrons as essentially DC
pulses. Each cycle contributes to electron movement at both
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frequencies, but more repidly at the higher frequency. The
fluctuation of protons between water molecules in solution
at a frequency of about 10'2 Hz [54) gives an indication of
the speed of electron movement, and may suggest an upper
limit of the frequency in which sine wave EMF zact as DC
pulses.

6. DNA biology and the EM spectrum

Research on DNA and the stress response has shown that
the same biology occurs across divisions of the EM spectrum,
and that EMF safety standards based on cellular measures
of potential harm should be much stricter. These data also
raise questions about the ulility of spectrum sub-divisions as
the basis for properly assessing biological effects and set-
ting separate safety standards for the different sub-divisions,
The frequencies of the EM spectrum form a continuum, and
division into frequency bands is only 2 convenience that
makes it easier to assign and regulate different portions of
the spectrum for practical uses, such as the different design
requirements of devices.for EMF generation and measure-
ment. Except for the special case of the visual range, the
frequency bands are not based on biology, and the separate
bands now appear to be a poor way of dealing with bio-
logical responses needed for evaluating safety. The DNA
studies indicate the need for an EMF safety standard rooted
in biolegy and a rational basis for assessing health implica-
tions.

DNA responses to EMFcan beused tocreate asingle scale
for evaluation of EMP dose because:

« The same biological responses are stimulated in ELF and
RF ranges,

o The intensity of EMF interactions with DNA leads to
greater effects on DNA as the energy increases with fre-
quency. In the ELF range, the DNA is only activated to
initiate protein synthesis, while single and double strand
breaks occur in the more energetic RF and ionizing
ranges.

A scale based on DNA biology also makes possible an
approach to a quantitative relation between EMF dose and
discase. This can be done by utilizing the data banks that
have been kept for A-bomb exposure and victims of nuclear
accidents, data that link exposure to ionizing radiation and
subsequent development of cancer. Utilizing experimental
studies of DNA breaks with {onizing radiation, it is possi-
ble in principle to relate cancer incidence to EMF exposures.
It should be possible to determine single and double strand
breaks in a standard preparation of DNA, caused by exposure
to EMF for a specified duration, under standard conditions.
Although many studies of DNA damage and repair rales
under different conditions would be needed, this appears to
be a possible experimental approach to assessing the relation
between EMF exposure and disease,

7. The slress response and safely standards

Mosl scientists believe that basic research eventually pays
off in practical ways. This has cenainly been true of EMF
research on the stress response, where EMF stimulated stress
proteins have been used to minimize damage to ischemic
tissues on reperfusion. However, more importantly, biologi-
cal effects stimulated by both ELF and RF have shown that
the standards used for developing safely guidelines are not
protective of cells,

First and foremost, it is important to realize that the stress
response occurs in reaction to a potentially harmful envi-
ronmental influence. The stress response is en unambiguous
indication that cells react to EMF as potentially harmful. Itis
therefore an indication of compromised cell safety, given by
the cell, in the language of the cell. The low threshold level
of the stress response shows that the current safety standards
are much too high to be considered safe.

In general, cellular processes are unusually sensitive to
fields in the envitonment. The biological thresholds in the
ELF range (Teble 1) are in the range of 0.5-1.0 pnT—not
very much higher than the ELF backgrounds of ~0.1 uT.
The relatively low ficld strengths that can affect biochem-
ical reactions is a further indication that cells are able to
sense potential danger long before there is an increase in
temperature.

EMF rescarch has also shown that exposure durations
do not have to be prolonged to have an effect. Litovilz et
al. [55,56), working with the enzyme omithine decarboxy-
lase, showed an EMF response when cells were exposed
for only 10s to ELF or ELF modulated 915MHz, pro-
viding that the exposure was continuous. Gaps in the sine
wive resulted in a reduced response, snd interference with
the sine wave in the form of superimposed ELF nois2 also
reduced the response [57). The interfering effect of noise
has been shown in the RF range by Lai and Singh [46),
who reported that noise interferes with the ability of an
RF signal to cavse breaks in DNA strands, The decreased
effect when noise is added to a signal is yet another indi-
cation that BMF energy is not the critical factor in czusing
a response. In fact, BMF noise appears to offer 2 technol-
ogy for mitigating potentially harmful effects of EMF in the
environmeat,

EMF research has shown that the thermal standard used
by agencies to measure safety is at best incomplete, and
in reality not protective of potentially harmful non-thermal
fields. Non-thermal ELF mechanisms are as effective as ther-
mal RF mechanisms in stimulating the stress responss and
other protective mechanisms. The current safety standard
based on thermal response is fundamentally flawed, and not
protective.

Finally, since both ELF and RF activate the same biology,
simultaneous exposure to both is probably additive and total
EMF exposure is important. Safety standards must consider
total EMF exposure and not sepasate standards for ELF and

RF ranges.




PUE 2009-00043 Direct Testimony Mariin Slank - Exhibi D, Page 7

M, Blank, R, Goodman / Fathophysiology 16 (1009) 71-78 7

References

(1] R. Goodman, CA.L. Bausei, A. Henderson, Pulsing ebesiromag-
nete fields induce cellular trmseription, Sclence 220 (1983) 1283-
1285. '

{2} R. Goodmun, A. Hendesson, Bxposure of sdivary gland cefis to low

frequency elecromagnetie flelds aliers polypeptide synthesis, PNAS

85 (1988) 3928-3932.
(3] M. Blenk, Protein and DNA (nteractions with eleciromagnstic fields,
Blol Med 28 (2008) 3-23,

(4] WR. Adey, Tissus [nteractions with non-loniring electromagnetic
fislds, Phydc) Rav 61 (1951) 438-514. .

(51 H.Lin, M, Blank, R, Goodman, A magneiic field responsive domalnn
the humsan HSPT0 promnter, I Cell Blochom 75 (1999) 110-176.

{6] H. Lin, M, Blank, K. Rossol-Haseroth, R, (oodmen, Regulating gonss
with electromagnetic mpoam elemeau. 1 Coli Biochem 8! (2001}
143-148.

(7] RBFLEX Project Report, 2004, A sumrnary of the final repon
cin be found ot htpi/vrwrw.verum-foundaton. defww w204/ htmVpdl
euprojekte0 REFLEX ProgressSummary. 231 104,pdf.

(81 H. Lai N.P. Singh, Acute exposura ta 8 60 Hz magnetic fleld increases
DNA strand brezks In rat braln cells, Bloslectromagnetics 18 (1997
156-168.

(9] Bloinitiative Report, edited by C. Sage, D, Cupmm. A Sdeminc Per-
spactive on Health Riskof Blectromagnetic Fields, published oaline 3)
August 2007 hupfiwew biolpitative orgfreport/index hitsn,

{10} M. Blank, O. Kkorkova, R, Goodman, Changes in polypeptide dis-
tribution stimulated by different lavols of BEM end therms! stress,
Bioelzctrochem Blocnerg 33 (1994) 109-114.

{11] R.Qcodman, M. Blank, H. Lin, 0. Khorkova, L. Soo, D, Welsbrot, A.S.
Hendarson, Increasedlevels of hep?0 ranscripts are induced when cells
e exposed to low frequency electromagnete flelds, Bioclectrochem
Blosnerg 33 (1554) 118120,

{12} D. Kults, Moleculsr, Evolutionary bauls of the cellular stress response,
Anp Rev Physio] 67 (2003) 225-257,

[13] R, Goodmaen, M, Blank, Magaede fleld stress induces expression of
hsp?0, Cell Stress Chaperones 3 (1998) 79-88.

{14} PM, Ritosss, A new puffing patiern induced by a wmpersiure shosk
and DNP in Drosophile, Experdentia Base] 18 (1962) 571-513,

[15] D.L de Popsersi, C. Danlels, H. David, 1. Allan, L Doce, M, Mulwakil,
D, Thomas, P. Sewel), J, Tattersal), D. Jones, Non-thermsl heat-shock
responte (o microwaves, Nature 6783 {2000) 417-413.

{186} J, Czyz, K. Guan, Q, Zeag, T. Nikolova, A, Melwer, B Schiobom, 1.
Schuderer, N. Kuster, A.M. Wobus, High frequency electromagnetic
fields (GSM signals) affect gene expression levels in humor suppres-
sor pS3-deficient embryonlc stem cells, Bloslectromagnetics 25 (2004)
286-307,

{17} T.Telra, Y. Negishi, F. Kihara, 5,M.M. Jguchi-Ariga, H. Ariga, H. ¢-myc
predein complex binds (o twg sites in human hap?0 promoler region,
Biochim Biophys Acta 1130 (1992) 166-174,

[18] J. Topol, D.M, Ruden, C.8, Parker, Sequencas required for In vivo
wanscriptional activation of a drosophila hap70 gene, Cell 42 (1983)
§37-537,

£19} A, ATbertnd, B. Zucthinl, G. Noers, R, Cedossi, C.P. Napoleone, A.
Pierangall, Prolective effect of low frequency Tow enepy policy eles-
wromegnede flelds on acuts experinental myncandis] infarets in rats,
Bioelectromagastics 20 {1999) 372-377.

{20] A, Di Carlo, I.M. Fareell, T. Litovita, A simple experiment o siudy
lectromsgnede field effects: protaction induced by short-term expo-
sures 1o 60 Hz magnetic flelds, Bioclectromagnedes 15 (1998) 458
s00.

f21] 1M, Shaflom, AL. DiCale, D, Ko, LM, Penafiel, A. Nakei,
Microwave exposure induces hepT0 and confers protection pgalnst
hypoxia in chick embryos, J Cel] Blochem 86 (2002) 490-496.

[22) 1. George, M. Geddis, Z. LI, H. Lin, T. Gomez, M, Blank, M,
0z, R. Goodman, Myocardis} function improved by eleciromagneile

Relds induction of stress protein hsp?0, J Cellwar Physiol 216 {2008)
816-823, published onlins: dol:10,1002cp.21461.

{23} 1. PAedmas, . Kraus, Y. Hauplman, Y. Schiff, R, Seger, Mechinlim of
shii-tenm ERK sctivation by elecramsgnetic fields 21 mobile phone
frequensles, Blochem ¥ 405 (2007) 559368, _

[24) M. Jin, M. Blank, R. Goodman, ERK1/2 phosphorylstion, (sduced by
electromagnetic fields, diminishes during neoplastic trem formation,
Cell Biochen 78 (2000) $71-379.

{25} D. Leszetynsld, S. Joenvaars, J. Reivinen, R, Kuokks, Non-thermal
activatica of the tup2 p3EMAPK stiess pathway by moblle phongradi-
ation I human endothelial calls: mofecular mechanlsm for cancer-and
blood. brain barier-related effects, Differentiation 70 (2002) 120-129.

[26} M. Simko, Induction of cell activation processes by low frequency elec-
tromagnede fields, ScientlficWortdToumal 4 (Suppt, 2) {2004) 4-22.

{27] R Manis, 3. Wynne, R. Trelrman, The SRP accessory proicin Blk-1
coatajny & growth fm.ormgu_lmd transeriptional activallon domain,
Cell 73 (1993) 381-393.

(28) R. Janecht, W.H. Emst, V. Pigoud, A Non!hm Aeﬁmlon of TCF
8ik-1 by MAP kinases, EMBO J 12 (1993) 3097-5104,

129} H. Gilie, M, Kottenjann, O, Thomae, C. Maomaw, C. Staughter, M.H.
Cobb, BE, Shaw, BRK phosphotylstion potentistes Elk: |-medizted
{emary complex formation vt tesntzctivation, EMBO J 14 (999)
931-962,

[30) V. Sgambalo, P. Vashouuie, C._Pases. M. Rogard, L. Ripskind, M.J,
Beaston, 1. Ceboche, Invive expression end regulation of Elk-1, & target
of the extrucellulerregulated kinase signaling pathway, in the rat braln,
J. Nearosej 18 (1998) 214-216.

[31) D. Lesztzynski, R. Nyfund, 8. Joovasre, J. Reivinen, Applicabllity of
discovery sclence upprosch to detenmnine blological effects of mobile
phone radiation, Proteonomics 4 (2004) 426-431.

§32) O.J, Hook, P. Zhang! 1. Lagroye, L.B, L1, R, Higashikubo, E.G. Moros,
WL, Starube, W.E Pickard, 1.D, Baty, J.L. Roti-Roth, Meagurement of
DNA damage and apoptoals in Moltd cells afier fn vitro exposure to
radio frequency tedistion, Redist Res 161 (2004) 193204,

133) D, Weisbrol, H. Lin, L. Ye, M. Blank, R, Goodman, Effects of
mobiie phone radistion on growth and development in Dmsophtla
melanagasier, § Cell Blochem 89 (2003) 48-55.

[34] §. Rao, A.S. Henderson, Regulation of c-fos is affected by clecromag-
neve fiekds, § Colt Biockem 63 (1596) A58-365.

{35) D.L. Johnson, 5.A.S. Johnson, RNA melzbolism and oncogenesis, Sei-
ente 320 (2008) 451-462.

{36) 1.A. Cotgreave, Biologica) stress responses to radio frequenty electro-
magnelic radiztion: are moblle phones really so (heai) shocking? Arch
Biechem Blophys 435 (2008) 227-240.

(371 M. Jia, H. Lip, L. Han, M. Opler, 5. Maurer, M. Blank, R, Goodiman,
Blological and technice) varisbles in mye expression [n HLGO cells
exposed (0 60 Hz electromagnetic flelds, Bloglecirochem Blosneig 44
{1997) 1 1-120.

{38) R.P.Liburdy. TR. Slama, R, Sokolic, P Yaswen, ELF magnetic fiekids,
breasi cancar, and melstonin: 60 Hz fields block melatonin's oncostaiic
action on ER+ breast cancer cell proliferation, I Pinea) Res 14(1993)
89-97.

{38} H.Lin, M. Head, M, Blank, L. Han, M. Jin, R. Goodman, My¢-mediated
tronsactivatlon’ of HSPI0 eapression following caposure o magastic
fields, J Cell Blochem 69 (1998) 181-188.

[40] §. Wvanctits, A, Pilger, . Diem, 0. ftho, H. Rudiger, Cell type-specific
gonatoxle ¢ffects of intermittent extremely low-frequency elecoromag-
netlc fields, Mutedon Res 583 {2005} 184-188,

(41} M. Lantow, M. Lupke, 1. Frahm, M.O, Mattson, N. Kuster, M, Simko,
ROS rejease and Hsp?0 expression after exposure 10 1,800 MHz
radiofrequency ciectromagnetie fields in primaty human monocyies
and lymphocytes, Radist Environ Biophys 45 (2006) 55-62.

(42} M. Simko, C. Hasrtwig, M. Laniow, M. Lupke, M.0, Malisson, Q.
Rahman, J. Rolhwitz, Hsp?0 expression and free radical release after
exposure 10 non-thermal redio-frequeney electromagnetie fiekds and
viinfine pardeles inhuman Mono Mac 6 cells, Toxicol Lett 161 {2006)
7382

” —




PUE 200900043 Direct Teslimony Marlin Blank - ExhibitD, Page 8

% M. Blank, R. Goodman / Fathophyslology 16 (2009) 7118

143} M. Biank, L. §00, Enhancement of cytochrome oxidase activity in 60
He magnedc Belds, Bioelectrochern Bloenerg 45 (1598) 253-259.

{#4) M, Blask, L, Soo, Electromagneic acceleratlon of the Belousoy-
Zhabotingki reaction, Bloelectrochem 51 (2003) 93-97,

{43} M. Blenk, L. 300, Surfeco fies entrgy as the potzatial In oligomeric
equilibrin: prediction of bemoglobin disaggrogation constaas, Bioelec-
trochem Blosnerg 17 (1987) 349-260.

{46) H. Lai, N.P, Singh, Interaction of microwaves ada umporauy Inco-
herent magnetie field on eingls md doubls DNA strand breaks in
brain cells, Electromagn Blol Med 24 (2005) 23-29.

[47) M. Blank, A proposed explanation for effects of electric and mag.
netic fields o the Na,K-ATPasa In terms of interections with electrons,
Bloslectromagnetics 26 (2005) 591-597. .

148) M, Blank, 1. 500, The threshold for altemasting current inhibition of
the Nl.K-ATPﬁe. Blostectromegnetics 13 (1992) 329-333, .

143) M, Blank, L, 800, The threahold for Na, K-ATPuse siimulnion by elec-
wromagnetic fields, Bicelectcochem Bloenerg 40 (1596) 63-65,

150} C. Wen, T. Fiebig, $.0. Kelley, C R, Teegdway, K., Barton, Femiossc.

ond dynamics of DNA-medisted elsctron transfer, Proc Nt Acad Sel

US A 95(1999) 6014-6019.

{51} M. Blink, Eleetric stimulation of pmeln symhcsts in musele, Adv
Chém 250 (1995) 143-133.

[52] M. Blank, R. Goodman, Taits) inierscians In dwﬂomqgnedc field-
induced blosynthesiy, § Cell Physlc) 199 (2004) 359353,

{53) M. Blank, R. Goodman, A mechaniom for stimulsiion of Mosynthe-
sis by clectromagnetic flelds: charge ransfer in DNA and base pair
separation, § Cell Physlel 214 (2008) 20-26.

{54) CJ. Pecko, J.D. EBaves, 1), Lopaso, A. Tokmakoff, P.L. Geissier,
Ultrafast hydrogen-bond dynamies in (nfrared spectroscopy of water,
Science 301 (2003) 1698-1701.

[55) T.A. Litovite, D, Kraus, LM, Mulling, Effect of coherencs Ume of the
spplied magnetic He1d on omithine decarboxylase activity, Blochem
Biophys Res Coms 178 (1931) 862-868.

{56] T.A. Livovite, D. Kraus, M, Penafiel, B.C. Blson, JM, Mullins, Therole
of coherence time In the effect of microwaves on omithing dmrboxy
1as2 2etivity, Bioelu:mmwu 14 (1993) 395403,

i .l T e el B A
chnua ‘4 (1998) 237242,

[58) JM. Muliing, L.M. Penafiel, J. Juutilainen, T.A. Litovilz, Dose-
responts of tlectromagnetic field-induced omithine decasbonylase
activity, Bloelestrochern Bloenerg 48 (1999) 193-199. '

[59) M. Blank, L. So0, Blectromagnetio gccelerstion of elecuun transfer
teastions, J Cell Blochem 8) (2001) 278-283.

[60) AL. Di Casfo, LM, Mulling, T.A. Litevitz, Thresholds ro: EM field-
induced hypoxin protection: evidence for aprimary, electre ﬂdde.f!w.
Bloslectrochem 52 (2000} 9-16.

[61] B. Ahibom, M. Day, M. Peychting, 5. Roman, J. Skinser, J. Dock
ey, M, Linct, M. McBride, J, Michatlis, J.H, Oleen, T. Tynzs, -
PR, Verkasalo, A pooled analysis of magnetichicids and chitdhood
Teukemis, Brit J Cancer 83 (2000) 692-698, ’

{61] 5. Greenland, AR, Sheppard, W.T. Kawne, C. Poole, M.A.A. Kelsh,
Pooled Anslysis of Magnetic Fields, Wire Codes, and Childhood
Leukemis, Epfderdology 11 (2000) 624634,




FULL PAPER

Keywords: childhood leukaemia; epidemiology; incidence; case—control; high-voltage overhead power lines

Childhood leukaemia close to high-voltage
power lines — the Geocap study, 2002-2007
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Background: High-voltage overhead power lines (HVOLs) are a source of extremely low-frequency magnetic fields (ELF-MFs),
which are classified as possible risk factors for childhood acute leukaemia (AL). The study was carried out to test the hypothesis of
an increased AL incidence in children living close to HVOL of 225-400kV (VHV-HVOL) and 63-150kV (HV-HVOL).

Methods: The nationwide Geocap study included all the 2779 cases of childhood AL diagnosed in France over 2002-2007 and
30000 contemporaneous population controls. The addresses at the time of inclusion were geocoded and precisely located
around the whole HVOL network.

Results: Increased odds ratios (ORs) were observed for AL occurrence and living within 50 m of a VHV-HVOL (OR=1.7 (0.9-3.6)).
In contrast, there was no association with living beyond that distance from a VHV-HVOL or within 50m of a HV-HVOL.

Conclusion: The present study, free from any participation bias, supports the previous international findings of an increase in
AL incidence close to VHV-HVOL. In order to investigate for a potential role of ELF-MF in the results, ELF-MF at the residences

close to HVOL are to be estimated, using models based on the annual current loads and local characteristics of the lines.

High-voltage overhead power lines (HVOLSs) are one of the major
sources of extremely low-frequency magnetic fields (ELF-MFs),
considered a possible risk factor for childhood leukaemia. In the
absence of any underlying biological hypothesis, the International
Agency for Research on Cancer (IARC) classified ELF-MF as
possible carcinogens (group 2B), based on epidemiological
observations over more than two decades (IARC, 2002). The first
meta-analyses concluded that exposure to ELF-MF levels of at least
0.3 uT was significantly associated with an increased incidence of
childhood acute leukaecmia (AL) (odds ratio (OR)=1.7 (1.2-2.3)
for exposures =03 T (Greenland ef al, 2000) and OR=2.0
(1.3-3.3) for exposures >=0.4 uT (Ahlbom ef al, 2000)). A recent
meta-analysis of the studies published after 2000 (Kheifets ef al,
2010) generated consistent but weaker results (OR= 1.4 (0.9-2.4)
for exposures >0.3 uT). The large British study by Draper et al
(2005) focused on the proximity of VHV-HVOL and showed an

association between AL and residence at birth <200m from a
VHV-HVOL (OR = 1.7 (1.1-2.5)) and, to a lesser extent, between
200 and 600 m from a VHV-HVOL (OR = 1.2 (1.0-1.5)). With the
same data, the relative risk was not significantly increased for
estimates of ELF-MF >0.4 uT (Kroll et al, 2010). High-voltage
overhead power lines account for only a fraction of ELF-MF
exposure, but, in their near vicinity, constitute the main source of
background exposure (Schiiz et al, 2000; Maslanyj et al, 2007).
The aim of the present study was to test whether the risk of AL
was increased in the vicinity of HVOL, where children were
expected to encounter higher residential exposure to ELF-ME.
We followed a two-step approach. The present one aims at
investigating the relationship between AL and distance to HVOL.
The second step will rely on calculated residential exposure to
ELF-EMF based on characteristics of the neighbouring HVOL. The
study, the first in France, was based on the geolocation of the last
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address and covered the entire mainland over a recent period
(2002-2007), on an exhaustive basis, free from participation bias,
and was based on a geographic information system (GIS) using
precise and recent databases to locate the dwellings and HVOL.

MATERIALS AND METHODS

The Geocap case-control study. The Geocap case-control study
included all the 2779 French childhood AL cases aged < 15 years at
the end of the year of diagnosis, diagnosed between 1 January 2002
and 31 December 2007, residing in mainland France (excluding
Corsica for which HVOL information was not available). The cases
were obtained from the French National Registry of Childhood
Hematopoietic Malignancies (Lacour ef al, 2010).

Over the same period (2002-2007), six yearly sets of 5000
control addresses were randomly sampled from the paediatric
population of mainland Prance by the National Institute for
Statistics and Economic Studies (INSEE), using the income and
council tax databases of the French households. These databases
contain the addresses and income information of all the house-
holds in France, irrespective of employment status, and list the
children in each houschold by year of birth. The sample was
stratified on the 94 French mainland administrative areas
(Départements). The individual variables available for the controls
were the year of birth, number of children in the household and
last address. Demographic and socioeconomic characteristics of the
municipality (Commune) of residence were also used as contextual
variables. The sample of 30000 controls was closely representative
of the source population in terms of age and number of children in
the household, and in terms of contextual variables, that is, size of
the urban unit, median income, proportion of blue-collar workers,
proportion of subjects who successfully completed high school
(baccalaureate holders) and proportion of homeowners in the
Commune of residence (Sermage-Faure ef al, 2012).

Geocoding. The residence considered for geolocation was the
residence at the time of diagnosis for the cases and that at the time
of inclusion for the controls. Residential histories, particularly
addresses at birth, were not available. The method for geocoding
the addresses of cases and controls was compiled, checked for
consistency and corrected when necessary by GEOCIBLE,
an outside service provider, in close cooperation with the
epidemiology research team. The addresses were geocoded blind
to case/control status, using the MAPINFO GIS, NAVTEQ street
databases and detailed vectorized maps from the National
Geographic Institute (IGN). Automatic processes were checked
and completed by visual inspection of maps when necessary.
Ultimately, only 3% of the cases and 1% of the controls could not
be located more precisely than by their Conmune of residence and
were allocated the coordinates of their Commune town hall.

In the Navteq and IGN databases, the geocodes are given at
the middle of the strect in front of the number in the street (i.e., the
front door, the entrance of the plot or the projection of centre of
the plot along the street), generally corresponding to the mailbox
residence. Most often in urban areas and in collective housing, the
mailbox is attached to the building of residence. However,
especially in countryside, the house can be at a distance from the
entrance of the plot, where the mailbox is.

Depending on whether the databases enabled location of the
home directly or by extrapolation from the nearest or more distant
neighbours, the coordinates were assigned a degree of uncertainty
along the street ranging from 20 m (exact number in the database)
to the size of a Commune (Table 1). The scale of uncertainty
provided by Geocible had been determined previously, based on
the size of the objects to locate and on the mean differences
between estimated and measured geocodes. The best geocoded

| cases I controls |
Category of
accuracy of
address location
for geocoding Uncertainty | N % N %
At the exact number 20m 1946 | 700 | 23171 77.2
In a section of a short 50m 173 62 1658 55
street
At a close number 100m 130 47 801 27
In @ medium street or 300m 394 14.2 3693 12.3
in a hamlet
In a leng street 500m 54 19 383 1.3
In a Commune 82 30 292 1.0
Total 2779 | 100.0 | 30000 | 100.0

addresses were assigned an uncertainty of 20 m, equal to the mean
value of the estimated coordinates given by the GIS and the center
of the house. Altogether, 1946 cases (70%) and 23171 controls
(77%) were located by their exact number in the street (best
geocoded addresses, uncertainty of 20 m), whereas 303 cases (11%)
and 2459 controls (8.6%) were located by a segment of a short
street or by a close number (uncertainty of 50-100 m).

In addition to the coordinates obtained for all the postal
addresses of the Geocap sample, another set of coordinates was
also estimated using photographic views obtained from Street View
(Google Maps), Geoportail (IGN data) and the French cadaster,
when available. This was possible for 72% of the cases and 69% of
the controls living <200m from a HVOL, considering the
uncertainty, and used to position the building of residence.

HVOL characteristics and distance from the nearest HVOL.
There are 77 400 km of HVOL in France. There are five main types:
HVOL of 400kV (13350km), 225kV (21200km), 150kV
(1050 km) and 90 or 63kV (41800km). The HVOLs have been
precisely mapped by RTE (Résean de Transport d’Electricite), the
French utility in charge of electricity transmission, based on the
utility’s own database, in which pylons and sections of lines are
accurately located, and on the most precise local maps of the
national geographic institute (IGN). The distances from the closest
HVOLs were estimated by GEOCIBLE.

Statistical analysis. All the statistical analyses were performed
using the SAS software package (version 9; SAS Institute Inc., Cary,
NC, USA). The ORs, their 95% confidence intervals and two-sided
P-values were estimated by unconditional logistic regression
adjusted for age in 5-year categories and Département. Additional
analyses stratified by age category were adjusted for age in years.

The subjects were classified in terms of their distance from the
closest HVOL (< 50, 50-99, 100-199, 200-599 and =600 m). The
very high voltage lines, 225 and 400kV (VHV-HVOL), and the
high voltage lines, 63, 90 and 150kV (HV-HVOL), were separated
as dwellings located <50 m from VHV-HVOL are expected to be
more frequently exposed to higher ELF-MF than those located
<50m from HV-HVOL (Maslanyj et al, 2009). The inverse
distance function was used to test for the existence of a trend in AL
incidence, assigning 0 to the dwellings located at least 600 m from
an HVOL.

All the main analyses were conducted on the whole study
sample, without any selection by address uncertainty. The analyses




Table 2. O

| Distance from the closest HYOL |
225-400kV HVOL 63-150kV HVOL

0-49m 50-199m >200m 0-49m 50-199m =2200m Total
Gender
Female 4 12 1246 7 26 1229 1262
Male 5 12 1500 7 28 1482 1517
Age
<5 years 6 1" 1291 8 24 1276 1308
5-9 years 3 10 858 2 18 851 871
10-14 years 0 3 597 4 12 584 600
Down's syndrome 0 0 43 0 0 43 43
AL type
ALL 8 21 2250 13 46 2220 2279
B-cell precursor ALL 6 12 1056 8 25 1041 1074
Tcell ALL 0 0 173 1 4 168 173
Other ALL 2 9 1021 4 17 1011 1032
AML 1 2 428 1 424 431
Other AL 0 1 68 0 67 69
Abbreviations: AL = acute leukaamia; ALL = acute lymphaoblastic leukaemia; AML=acute myeloblastic leukaamia; HVOL = high-volage overhead power line.

were conducted on all the cases and also stratified by age group -
<5 years old covering most of the incidence peak and =5 years
old - and for acute lymphoblastic leukaemia (ALL) alone.

All the analyses were performed taking the same baseline as
reference category, that is, the group of children who lived in
Communes with no part of their territory within 600 m of a HVOL,
after accounting for geocoding uncertainty. Thus, the baseline
included all the residences definitely located >600m from a
HVOL, even if they were geocoded with the highest uncertainty.
Additional sensitivity analyses also included the subjects
living at least 600 m from a HVOL in the reference category, even
when the Commune had a part of its territory within 600 m of a
HVOL, in order to account for the possibility that the
baseline category might select residences in relation with an AL
risk factor.

The 67 cases and 203 controls who lived in a Commune partially
located within 600 m of a line but who could not be individually
located better than at the town hall were considered to have
missing data for the distances from HVOL.

Supplementary analyses were performed to test the robustness
of the results and account for the spatial extent of the house, by
restriction to the best geocoded addresses (uncertainty <20m), or
by modifying the distance cutoffs around the a priori value of 50 m
(30, 40, 60 and 70 m). In addition, for sensitivity analyses, when the
distances using the main geocoding and the photographic views
were available, the cases and controls were classified in the category
‘<50m from a HVOL', either when the distance from photo-
graphic views was <50m, or when at least one of the two
estimated distances was <50m, or when both the estimated
distances were <50 m.

The analyses were also stratified by contextual socioeconomic
variables extracted from the 1999 census data for the Commune of
residence, including the urban status of the Commune, median
income of the households, proportion of blue-collar workers and
proportion of baccalaureate holders. Additional analyses were
performed after excluding the cases and controls who lived <5km

from a nuclear power plant, in order to rule out possible
confounding by residence in the proximity of a nuclear power
plant, which was associated with AL in the present study (Sermage-
Faure et al, 2012).

RESULTS

Table 2 describes the cases registered from 2002 to 2007 by age,
gender and leukaemia subtype, on the basis of the distance of their
residences from the closest VHV-HVOL or HV-HVOL.

The 610 cases (22.0%) and 7061 controls (23.5%) who were
living in a Commune entircly located at least 600m from any
HVOL constituted the baseline of the models. Living within 50 m
of the closest HVOL, all voltages considered together, was not
associated with AL (OR=1.2 (0.8-1.9)) (Table 3). However, while
no association was observed with residences close to HV-HVOL
(OR=1.0 (0.6-1.7)), an association was evidenced for children
who lived within 50 m of a VHV-HVOL (OR= 1.7 (0.9-3.6)). In
contrast, the ORs were close to one for the residences located
=250m from a HVOL, even a VHV-HVOL, and no statistically
significant trend was observed with the inverse of the distance
(P=0.28 for distance from VHV-HVOL). The results for ALL
were very similar (OR=1.9 (0.9-4.0) at <50m from a VHV-
HVOL).

Splitting the sample into children aged <5 years and those aged
=5 years showed that the association was only observed for the
younger group (Table 4). In that age group, living within 50 m of
the closest VHV-HVOL was significantly associated with AL
(OR=2.6 (1.0-7.0)), with a significant trend with the inverse of
the distance (P=0.03), wherecas there was no association for the
older group (OR=1.0 (0.3-3.3) living within 50 m of the closest
VHV-HVOL).

Living within 50 m of a VHV-HVOL was not associated with
AL in the Communes of urban units with a population > 100000
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Table 3. od acute leukaemia and distance to

siation between
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(63150 kV ver the pariot

I Distance to HVOL
225-400kV HVOL 63-150kV HVOL Any HVOL

Cases Controls Cases Controls Cases Controls

n %o n % | OR* | 95% CI n % n % | OR* | 95% CI n % n % | OR*| 95% CI
Baseline® 610 220| 7061]235| 1.0 | Reference| 610|220 7061 | 235| 1.0 | Reference| 610|220 7061 [ 235| 1.0 | Reference
Unknown 67 203 &7 203 67 203
>600m 19241 69.2 | 20896 | 69.7 [ 1.0 | (0.9-1.2) | 1792 | 64.5[ 19168 | 63.9| 1.1 | (1.0-1.2) | 1665| 59.9| 17937 | 59.8| 1.1 | (0.9-1.2)
200-599m 145 5.2 1416 47| 1.2 | (1.0-1.4) 242 | 87| 2740| 91| 1.0 | (0.8-1.2) 345|124 3633|121 11 0.9-1.2)
100-199m | 16| 06| 267| 09 07 [ 0412 | 33| 12| 41| 15| 08 | 0612 | 44| 16| es9| 22| 08 | 0510
50-99m 8] 03 97| 03] 1.0 | (05-2.1) 21| 08 203 07 12 | (0.7-1.9) 25| 09 284 | 09| 1.0 | (0.7-1.8)
0-49m 9] 03 60 02| 1.7 | (0.9-3.6) 14| 05 1641 05| 1.0 | (0.6-1.7) 23| 08 2131 07| 1.2 (0.8-1.9)
Total 2779 30000 2779 30000 2779 30000
Abbraviations: Cl=confidance interval; HVOL =high-voltaga averhaad power line; OR = odds ratio.
®OR and 95% Cls estimated by lagistic regression adjusted for aga at the end of the year (S-year aga groups for the 0-14-yaar-old children, 1-year aga groups for tha 0-4-year-old children) and
Département of residanca.
BResidanca in a Commune sntirely located 2600 m from an HVOL

(Table 4), but an association was observed for the less urban
categories of Commune. The same pattern was observed for the
under-5-year age group (data not shown). The association between
AL and living <50 m from a VHV-HVOL appeared more marked,
although not significantly so, in the Communes with less-favorable
contextual socioeconomic characteristicss median income or
percentage baccalaureate holders lower than the median value
for the controls; percentage blue-collar workers greater than the
median value for the controls. Adjustments for those contextual
variables, either separately or jointly, did not change the estimates.

No case and only two controls lived within 5km of a nuclear
power plant and <200 m from a VHV-HVOL; excluding them did
not modify the results.

Sensitivity analyses restricted to the best geocoded subjects
(uncertainty <20 m) generated slightly stronger results (OR =2.1
(0.9-4.7) for living within 50 m of a VHV-HVOL) (Table 5). The
results were also unchanged when the cutoffs were 10 and
20m above or below the a priori value of 50m, and when the
baseline was extended to include the subjects living > 600 m from
a HVOL, even if their Commune of residence had parts located
<600m from a line (data not shown). Lastly, in the sensitivity
analyses using the main geocoding distance and that based on
photographic views when both were available (Table 5), the ORs
remained of the same order of magnitude but the associations were
no longer significant (OR = 1.3 (0.5-3.7) for distance <50 m based
on photographic views, OR=1.7(0.6-4.8) for both distances
<50m and OR= 1.5 (0.8-3.1) for at least one distance <50m
from a VHV-HVOL). For 0-4-year-old children, this was also the
case (OR=25 (0.6-10.5) for distance <50m based on photo-
graphic views, OR=3.5 (0.8-15.1) for both distances <50 m and
OR=2.3 (0.9-6.0) for at lcast one distance <50 m).

DISCUSSION

The present analysis of the Geocap nationwide case-control study
was carried out to test the hypothesis that living close to HVOL,
particularly VHV-HVOL, was associated with an increased
incidence of childhood AL. The study focused on HVOL, a

major source of exposure to ELF-MF in neighbouring residences
(Schiiz et al, 2000; Maslanyj et al, 2007). The proximity of HVOL
to the residence of all the subjects was reliably evaluated without
any selection and using the same process over all mainland France
and over the 2002-2007 period. The results for living <50 m from
a 225 or 400kV HVOL were compatible with the TARC
conclusions. There was no association beyond that distance. The
association at a short distance was not observed for children aged
=5 years or those living in the most urban Communes.

The study covered a recent and relatively short period, and
historical databases were therefore available for the entire period.
One of the main strengths of the Geocap study is that it was
designed to avoid selection biases. The cases were identified by the
national registry, which complies with the international criteria
required for cancer registration and classification, and achieves a
high degree of completeness, by active research with almost three
sources per case on average (Clavel et al, 2004; Lacour ef al, 2010).
Similarly, the recruitment of the controls did not require their
active participation, preventing self-selection by socioeconomic
status, De facto, the control sample was closely representative of the
paediatric population on the basis of the sociodemographic
contextual criteria (Table 1).

All the cases’ and controls’ addresses were obtained and
geocoded, and the distances were calculated from objective
databases free from any recall bias and blind to case/control
status. This is another strength of the Geocap study in that it
enabled minimisation of differential misclassifications. The dis-
tances estimated from the GISs were assumed to rank, as
adequately as possible, the cases and controls by the true distance
of their dwellings from the HVOL. The databases used to locate the
lines were very precise. In particular, pylons were located with an
uncertainty of 2.5m in the RTE database.

Interestingly, the results were strengthened when the analyses
were restricted to the best geocoded addresses. The 67 cases and
203 controls (<2% of the subjects) whose addresses were not
precise enough to enable their location close to the HVOL
probably had no substantial impact on the results, given the
expected distribution of the few subjects with respect to the
distance from VHV-HVOL (about 0.2% of the controls <50m
from VHV-HVOL). For the association to have been due to the




Table 4. Association botweoen chiidhoo d distance from HVOLs over the o d 20022607 { by age and of the Commune of

roesiclonce

Address-based distance from HVOL
225-400kV HVOL 63-150kV HVOL
Ca Co OR? 95% ClI Ca Co OR? 95% Cl
n % n % n % n %

Age

0-4 years
Baseline® 31 238 2326 239 1.0 Reference 3N 238 2326 239 1.0 Reference
Unknown 35 85 35 85
2600m 870 66.6 6734 69.3 0.9 (0.8-1.1) 814 623 6146 63.2 0.9 (0.8-1.1)
200-599m 74 5.7 444 4.6 1.2 (0.9-1.6) 115 8.8 902 9.3 0.9 (0.7-1.1)
100-199m 5 0.4 87 0.9 04 (0.2-1.0) 13 1.0 145 1.5 0.6 (0.4-1.2)
50-99m 6 0.5 27 0.3 1.6 (0.7-4.1) " 0.8 61 0.6 1.3 (0.7-2.5)
0-49m 6 0.5 14 0.1 2.6 (1.0-6.9) 8 0.6 52 0.5 1.1 (0.5-2.3)
Total 1307 9717 1307 9717

5-14 years
Baseline P 299 20.3 4735 233 1.0 Reference 299 208 4735 233 1.0 Reference
Unknown 32 118 32 118
=600m 1054 71.6 14162 69.8 1:2 (1.0-1.4) 978 664 13022 64.2 12 (1.0-1.4)
200-599m 71 4.8 972 4.8 1.2 (0.9-1.5) 127 8.6 1838 9.1 1.1 (0.9-1.4)
100-199m 11 0.7 180 0.9 1.0 (0.5-1.8) 20 1.4 316 1.6 1.0 (0.6-1.6)
50-99m 2 0.1 70 0.3 0.5 (0.1-2.0) 10 0.7 142 0.7 1.1 (0.6-2.1)
0-49m 3 0.2 46 0.2 1.0 (0.3-3.3) 6 0.4 12 0.6 0.9 (0.4-2.1)
Total 1472 20283 1472 20283

Size of urban unit®

<5000 inhabitants
Baseline® 309 341 3415 355 1.0 Reference 309 341 3415 355 1.0 Reference
Unknown 36 67 36 67
>600m 525 57.9 5630 58.6 1.0 (0.9-1.2) 482 53.1 5221 54.3 1.0 (0.9-1.2)
200-599m 30 33 393 4.1 0.9 (0.6-1.3) 68 7.5 724 75 1.0 (0.8-1.4)
100-199m 2 0.2 Al 0.7 0.3 (0.1-1.4) 7 0.8 109 1.1 0.7 (0.3-1.8)
50-99m 1 0.1 20 0.2 0.6 (0.1-4.6) 4 04 45 0.5 1.1 (0.4-3.0)
0-49m 4 0.4 19 0.2 25 (0.8-7.7) 1 0.1 34 04 0.4 0.1-2.9)
Total 907 9615 907 9615

5000-100 000 inhabitants
Baseline® 71 111 756 10.9 1.0 Reference 71 1141 756 10.9 1.0 Reference
Unknown 18 63 18 63
>600m 513 80.3 5811 84.1 0.8 (0.6-1.1) 451 72.7 4942 7.6 0.9 (0.7-1.2)
200-599m 27 4.2 219 3.2 1.2 (0.7-2.0) 72 11.5 876 12.7 0.8 (0.5-1.1)
100-199m 5 0.8 33 0.5 1.5 (0.5-3.9) 15 2.4 144 21 1.0 (0.5-1.8)
50-99m i 0.2 19 0.3 0.6 (0.1-4.8) 5 0.8 73 141 0.7 (0.3-1.7)
0-49m 4 0.6 ] 0.1 4.9 (1.3-19.2) 7 1.1 53 0.8 1.2 (0.5-2.7)
Total 639 6907 639 6907

>100000 inhabitants
Baseline® 230 18.7 2890 214 1.0 Reference 230 18.7 2890 21.4 1.0 Reference
Unknown 13 73 13 73
=600m 886 71.9 9455 70.2 1.1 (0.9-1.4) 859 69.7 9005 66.8 1.2 (0.9-1.4)
200-599m 88 71 804 6.0 1.3 (1.0-1.8) 102 8.3 1140 8.5 1.1 (0.8-1.4)
100-199m 9 0.7 163 1.2 0.7 (0.4-1.4) 11 0.9 208 1.5 0.7 (0.4-1.3)
50-99m 6 0.5 58 04 1.4 (0.6-3.3) 12 1.0 85 0.6 17 (0.9-3.3)
0-49m 1 0.1 35 0.3 0.4 (0.1-2.9) 6 05 77 0.6 1.0 (0.4-2.4)
Total 1233 13478 1233 13478

Abbraviations: AL = acute leukaamia; Ca= number of cases; Cl = confidence interval; Co=number of controls; HVOL = high-veltage overhead power line; OR =odds ratio.

2ORs and 95% Cls estimated by logitic regression adjusted for ags at the end of the year (S-year age groups for the O-14-yezr-old children, 1-year age groups for the 0-4-year-old children) and

Département of residancs.

PBaceline = recidence in a Commune entirely located =600m from any HVOL.

SAn urban unit is dafinad by the INSEE {National Institute of Statistics and Ecanomic Studies) as a group of Communes in which the distanc between dwellings is nowhere more than 200m.




==y ears

| Main results || Sensitivity analyses
¢ . (1) GIS with
GIS with any uncertainty uncertainty of 20m (2) Photographic views available
Photograph only | <50m by GIS or photo | <50m by GIS and photo
Ca | Co I ORI 95% Cl Ca| Co|0R| 95% ClI Cal Co|0R| 95% Cl Cal Col ORI 95% Cl Cal Col ORI 95% CI
0-14 years
Baseline | 610’ 7061 | 1.0 | Reference | 5101 mm] 1.0 I Referencel mol 7051[ 1.0 l Referencel 61D| 7061' 1.0 | Refe(ence[ 610| mm! 10 | Reference
Any HVOL
100-199m | 44| &9] 08 | (05-1.0) | 32| 499 0.7 | 05-1.1) | 36| 455] 0.9 | (0.46-1.3) il
50-99m 25 284 | 1.0 | (07-1.8) 20 212) 1.1 | (0.7-1.8) 22| 184 1.4 | {09-2.2)
0-49m 23 213 | 1.2 | (08-1.9) 16] 152 1.2 | (0.7-2.0) 14 158] 1.1 | (0.6-1.9) 24| 243| 1.2 | {0.7-1.8) 13 128 | 12 | ©.7-2.1)
VHV-HVOL
100-199m 16 267 | 07 | (04-1.2 13| 200| 0.8 | (0.4-1.3) 18| 172 1.2 ]| {0.7-1.9)
50-99m 8 97 10 | {(05-2.1) [ 68| 1.0 | (04-2.4) 8 74 1.3 | (0.6-2.7)
0-49m 9 60| 1.7 | 0.9-3.4) 7 39| 2.1 | {0.9-4.7) 4 38| 1.3 | 05-37) 9 68| 1.5 | (0.8-3.1) 4 30| 1.7 | (0.6-48)
HV-HVOL
100-199m 33 451 08 | {06-1.2) 22| 346 0.7 | (05-1.1) 241 322| 0.9 | (0.6-1.3)
50-99m 21 2031 12 | 07-1.9 16| 155] 1.2 | (0.7-2.0) 14 121 1.3 | (0.7-2.3)
0-49m 14 164 10 | (0.6-1.7) 9| 120| 0.8 | (04-1.7) 10 127| 0.9 | (0.5-1.8) 15 188 | 0.9 | (0.5-1.8 9 103 ] 10 | (05-2.0)
0-4 years
Baseline | 3 I 2326[ 1.0 | Reference [ 311| 2326[ 1.0 ] Re!erenml 311| 2326' 1.0 I Referencel 3 | 2325[ 1.0 | Re?erencel 311 I 23251 10 I Reference
Any HVOL
100-199m 17 213 | 046 | {0.3-1.0) 9] 160| 04 | (0.2-0.8) 16| 146 0.9 | (05-1.5)
50-99m 14 84| 12 | (07-2.1) 1 62| 1.2 | (046-2.4) 13 551 1.7 | (0.9-3.3)
0-49m 14 62 15 {0.8-2.8) 9 42 1.3 | (046-2.8) 8 38| 1.5 | (0.6-3.3) 14 &6 1.4 | (0.8-2.8) 8 34| 1.7 | (0.8-39)
VHV-HVOL
100-199m 5 87| 04 | {02-1.0 4 63| 05 | (02-0.4) g 58| 1.3 | 06-298)
50-99m 6 27 1.6 | {(0.7-4.1) 4 19| 1.6 | (05-5.0) 6 21| 2.1 | (0.8-5.8)
0-49m 6 14 246 | (1.0-69) 5 8| 4.1 (1.3-13.3) 3 7] 25| (0.6-10.5) & 16| 2.3 | (0.9-6.00 3 5| 35 | (0.8-15.1)
HV-HVOL
100-199m 13 108 | 046 | (04-1.2) & 145| 0.4 | (0.2-0.9) 10 99| 0.7 | (0.4-1.4)
50-99m 11 45 1.3 | (0.7-2.9 8 61 1.2 | (05-2.6) 7 35| 1.5 | (0.6-3.4)
0-49m 8 36 1.1 (05-2.3) 4 52| 0.6 | (02-1.8) 5 33| 1.1 ] (0.4-2.9) 8 551 1.0 | (0.5-2.1) 5 30| 13 | (0.5-34)
Abbrevistions: Ca=number of cases; Cl=confidanca interval; Co=number of contrals; GIS = gsographic information system; HV-HVOL =high voltags high-voltags averhead power lines
(63-150kV); HVOL =high-voltags overhead pawer line; OR=odds ratio; VHV-HVOL =vary high voltage high-vcltage overhead power lines {225-400kV). The first sensitivity analysis {1) is
restricted to the addresses best geocadad (GIS ebtained with uncertzinty of 20m) and the second one () to the addresses for which a photographic view was available. The results shown in
Tables 4 and 5 are recalled in the first calumns.

Unknown category, the true addresses would have to have been
within 50m of a VHV-HVOL for none of the unclassified
cases and for about 15% of the unclassified controls, which is very
unlikely. The sensitivity analyses were consistent with the main
results.

The Geocap study was designed to avoid sclection and
differential misclassification biases, which are common short-
comings of case-control studies on environmental factors,
particularly ELF-MF (Mezei and Kheifets, 2006; Kheifets and
Oksuzyan, 2008; Schiiz and Ahlbom, 2008). The study included no
individual data other than age and address, which were obtained
for all the cases and controls. Therefore, potential AL risk factors
such as birth order, breastfeeding, day-care attendance and
pesticide exposure were not available. However, conditionally on
age and the sociodemographic characteristics of the Conmune of
residence, which were accounted for in adjusted or stratified
analyses, known or suspected risk factors are not likely to differ
markedly within vs outside the 50-m distance from the VHV-
HVOL. The study may have suffered from non-differential
misclassifications, particularly because of the uncertainty of the
geolocation of the homes, or because the period considered, that is,
residence at diagnosis or interview, may not belong to the most
relevant time window, or because the small numbers did not enable

separation of the 400- and 225-kV VHV-HVOL or splitting the
smallest category of distance. Therefore, the relationship between
living close to VHV-HVOL and AL is probably not overestimated.
As a registry-based study, the Geocap study considered the
addresses at the time of diagnosis for the cases and at the time of
inclusion for the controls. It did not cover the whole residential
history since conception, and earlier or longer time windows may
be more relevant in childhood AL. In the Escale case-control study
(data collected in 2003-2004), the household had not moved
during the index pregnancy or childhood for 46% of the controls
< 15 years, and 60% of those <5 years (Amigou et al, 2011). In the
present study, the relationship was only observed for children
<5 years, which might be compatible with a smaller impact of
misclassifications, due to moves, of early exposures related to the
proximity of VHV-HVOL. The relationship was not observed in
children living in the most populated urban Communes.

The present study exclusively addressed the question, recurrent
in France, of the risk of childhood AL close to HVOL. If living
<50m from HVOL is causally related to AL, it is expected to
induce an excess of less than one new case <15 years per year in
France, under steady conditions of residency close to VHV-HVOL.
The distance of the residence from a HVOL is by no means a
perfect surrogate for individual exposure to ELF-MF because of the




proximity of the lines. Individual in situ measurements would be
more suitable exposure indicators, provided that they were
standardized, accurate and precise measurements, and that no
selection bias (and no participation bias) limited their interpreta-
tion. Residential proximity of a VHV-HVOL was considered
an indicator of increased probability of high residential exposure to
ELF-MF, with the hypothesis that other sources of exposure to
ELF-MF would be independent of the presence of the line and thus
would be distributed similarly for the children living <50 m from
a VHV-HVOL and those living further away (Schiiz et al, 2000;
Maslanyj ef al, 2007). The study combined stringent voltage
(=225kV) and distance (<50 m) conditions with a high degree of
accuracy in the geocoding process, in order to identify the
individuals who most probably had the highest exposures to
ELF-MF in the population study. Exposure to ELF-MF depends on
many sources and, regarding power lines, on many other
parameters than distance, particularly current load and type of
pylon (also related to the line voltage). Conversely, the distance
from VHV-HVOL might also be an indicator of environmental
exposures and lifestyle factors related to the vicinity of lines other
than ELF-MF.

In a descriptive analysis of studies of ELIF-MF exposure in
4452 homes in the United Kingdom (UKCCS, 1999) and 1835
homes in Germany (Schiiz ef al, 2000), only a small number of
dwellings were located within 50 m of a HVOL (93 homes), 16 of
which were close to a 220-400kV HVOL (Maslanyj et al, 2009).
Extremely low-frequency magnetic field exposure >0.4 uT was
more prevalent in the latter homes (18.8%) than in those close to
11-132kV HVOL (6.5%), even though the absolute numbers of
dwellings with ELF-MF exposure >0.4 p'T were similar (three and
five homes, respectively). Therefore, in this study, the absence of an
association close to HV-HVOL lines, where the prevalence of
exposed residences is assumed to be lower, is poorly informative
with respect to the hypothesis that ELF-MF may have a role in
childhood AL,

This hypothesis will be investigated more precisely in a future
stage of the Geocap study. RTE is to calculate individual estimates
of the exposure to ELF-MF for all the Geocap subjects located close
to a HVOL, blind to case/control status. The exposure estimates
will take into account the particular characteristics of each of the
neighbouring lines (pylons geometry, height and type of cable,
ground wires and so on), the average annual current load for each
of the identified lines, the time-distribution percentiles of the
current load and the particular location of the residence with
respect to the closest line spans (Bessou ef al, 2013).

This is the first French contribution to the issue of ELF-MF,
HVOL and childhood AL. The results are compatible with the first
meta-analyses published in 2000 (Ahlbom et al, 2000; Greenland
et al, 2000), the recent review by Schiiz and Ahlbom (2008) and the
most recent meta-analysis summarizing the studies of the last
decade (Kheifets ef al, 2010). While no underlying biological
mechanism has been advanced to date in support of the
epidemiological observation (WHO, 2007), the IARC classification
of ELF-MF as a possible carcinogen (IARC, 2002) has not been
strongly challenged. The study by Draper et al (2005) based
on residence at birth and covering more than three decades
(1962-1995) revealed associations with longer distances from
power lines than previously envisaged, far above the threshold
usually recognised as generating ELF-MF greater than background
exposures, and with a positive trend with decreasing distance.
Extremely low-frequency magnetic fields were estimated second-
arily in the same study, and then considered unlikely to be the only
explanation (Swanson, 2008; Kroll et al, 2010) for the observed
relationship with distance. Overall, the number of exposed
newborns was small because five AL cases and three controls
resided at birth within 50m of a HVOL (imainly VHV-HVOL)
(Draper et al, 2005), and two AL cases and one control were

assumed to be exposed to at least 0.4 uT (Swanson, 2008). In the
present study, we observed no significant trend with decreasing
distance to VHV-HVOL.

Recently, in a commentary on the most recent papers by Kroll
et al (2010) and Kheifets ef al (2010), Schmiedel and Blettner
(2010) drew attention to the current limitations of epidemiology
with regard to affording new insights in the field and answering
questions in the absence of satisfactory biological models. Geocap
was designed for quantitative modelling and the study of
coexposures, and may thus be considered an appropriate tool for
contributing to knowledge in the field.

CONCLUSION

In conclusion, the present study has generated additional findings,
based on a recent nationwide unselected population-based study,
that support the hypothesis that living <50m from a 225 or
400kV HVOL may be associated with an increased incidence of
childhood AL. No increase in risk was observed further from those
lines and no increase in childhood AL risk was detected within
50 m of the 63-150 kV HVOL. Model-based estimates of ELF-MF
exposures will be used to investigate for potential involvement of
ELF-MF in the observed association.
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o Infroduciion o Ca®*/nilric oxide/peroxynitrite and
» Possible madas of action following pathophysiological
voltaga-gated calelum channel stimulation responses 1o EMF exposures; 1he example of
« Therapeutic hone-growth stlmulation stngte-strand DNA breaks
via Ca®*/niiric oxide/cGMP/protein kinase G » Discussion and conclusions
Abstract

The direct targets of extremely low and microwave frequency range electromagnetic fields (EMFs) in producing nen-thermal effects have not
heen clearly established. However, studies in the literalurs, reviewed here, provide substaniial support for such direct targets. Twenty-thres
studies have shown that vollage-gated calcium channals (VGCCs) produce these and other EMF effects, such that the L-lype or other VGGG
blackers block or greatly lower diverse EMF effects. Furthermore, the voltage-gated proparties of these channsls may provide biophysically
plausible mechanisms for EMF biological effects. Downstream responses of such EMF exposures may be mediated through Ga®*/caimodulin
stimutation of nitric oxide synthesis. Polentially, physiologicalfherapaulic responses may be fargely as a resutt of nitric oxide-cGMP-profein
kinase G pathway stimulation. A well-studied example of such an apparent therapeutic rasponse, EMF stimulation of bene growth, appears o
work along this pathway. However, pathophysiofogical responses to EMFs may be as a restll of nitri¢ oxide-peroxynitrite-oxidative stress path-
way of action. A single such well-documented example, EMF induction of DBNA single-strand breaks in celis, as measured by alkaline comet
assays, is reviewed here, Such single-strand breaks are knowm to be praduced through the action of this pathway, Data on the mechanism of
EMF induction of such breaks are fimited; what data are available suppart this proposed mechanism. Other Ca®*-madiated regulatory changes,
indepandent of nitric oxide, may also have roles. This arlicle reviews, then, a substantially supporied set of fargets, VGCCs, whese stimulation
produces non-thermal EMF responses by humans/higher animals with devmstream effecls involving Ca®*/calmodutin-dependent nitric oxide
increases, which may explain therapeutic and palhophysiclogical effects.

Keywords: intraceliular Ca%* e voltage-gated calcium channefs e low frequency electromagnetic field exposure e nilric
oxide e oxidative siress e calcium channel blockers

Introduction

An understanding of the complex biofogy of the effects of electromag-  may lead to the complex biological responses to EMFs composed of
netic fields (EMFs) on humanvhigher animal bielogy inevitably must  low-energy photons. The great puzate, here, is that these EMFs are
be derived from an understanding of the target or fargets of such  comprised of iow-energy pholons, those with insufficient energy to
fields in the impacted cells and tissues. Despite this, no vnderstand-  individually influence the chemistry of the cell, raising the question of
ing has bean forthcoming on what those fargels are and how they  how non-thermal effects of such EMFs can possibly occur. The author
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has found that there is a substantial literature possibly pointing to the
direct targets of such EMFs and it is the goal of this study to review
that evidence as well as review how those targets may lead to the
complex biology of EMF exposuse.

The fole of inceeased intracellular Ca%* following EMF exposure
was already well docurmented more than 20 years ago, whan Wallec-
zek [1] reviewed the role of changes in calcium signalling that were
produced in response EMF exposures. Other, more recent studies
have confirmed the role of increased intracellular Ca®* following EMF
exposure, a few of which are discussed below. His review {1]
included two studies |2, 3] that showed that the L-typs voltage-gated
channet blocker, verapamil could lovzer or block changes in response
lo EMFs. The proparties of voltage-gated calcium channels (VGCCs)
have been reviewed slsevhere [4), Subsequently, exlensive avidence
has been published clearly showing that the EMF exposure can act to
produce excessive activity of the VGCGs in many cell types [5-26]
suggesting that these may be direct targets of EMF exposurs. Many
of thase studiss implicate specifically the L-type VGCCs such that var-
ious L-type calcium channel blockers can block responses to EMF
exposure (Table 1), However, other studies have shown lowered
responses prodused by other typas of calcium channel blockers
including N-type, P/Q-type, and T-lype blockers {Fable 1), showing
{hat other VGCGs may have imporiant roles. Diverse responses o
EMFs are reporled to be biocked by such calcium channel blockers
{Table 1}, suggesting thal most if not all EMF-medialed responses
may be preduced through VGCC stimulation, Voltage-gated calcium
channels are essential 1o the responses produced by extremely low
frequency (including 50/60 Hz) EMFs and also to microwave fre-
quengy range EMFs, nanosecond EMF pulses, and static electrical
and magnetic fiefds {Table 1}. _

In a recent study, Pilta [27] showad that an increase in intracellu-
lar Ca® must have ocourred almost immediakely after EMF exposure,
producing a Ca®*/catmodulin-dependent increase in nitic oxide
occurring in less than 5 sec. Although Pilla [27] did nol lest whether
VGCC stimulation was involved in his study, thare are faw alternatives
that can producs such a rapid Ca®* rasponse, none of which has been
implicated in EMF responses. Other studies, each involving VGGGs,
summarized in Table 1, alse showed rapid Ca®* increases following
EMF exposure [8, 16, 17, 19, 21]. The rapidity of thase responses rule
out many lypes of regulatory interactions as being involved in produe-
ing the increased VGCE activity following EMF exposure and sug-
gests, therefore, that VBCC stimulation in the plasma membrang is
direclly produced by EMF exposure.

Possible modes of action following
VGCC stimulation

The ingreased intracellular Ca® produced by such VGCC activation
may lead to multiple regulatory responses, including the increased
nitric oxide tevels preduced through the action of the twa Ga®/cal-
modukin-dependent nilric  oxide synthases, nNOS and eNOS.
Increased nitric oxide levels typically acl in a physiclogical context
through increased synthesis of cGMP and subsequent aclivation of

protein kinase G [28, 29]. In contrast, in most pathophysiological
contexts, nitric oxide reacts with superoxide to form peroxynitrite, a
potent non-radical oxidant [30, 31], which ¢an produce radical prod-
vels, including hydroxyl radical and NO, radical [32].

Therapeutic bone-growth stimulation
via Ca?*/nitric oxide/cGMP/protein
kinase G

An example of a therapeutic effect for bone repair of EMF exposure in
various medical situations includes increasing osteoblast differentia-
fion and maturation and has been reviswed repeatedly [33-44]. The
effects of EMF exposure on bone cannot be challenged, although
there is slill considerable question about the best ways o apply this
clinically {33-44]. Our focus, here, is to consider possible mecha-
nisms of action. Mulliple studies have implicated increased Ca?* and
nitig oxide in the EMF stimulation of bone growth [44-49]; three
have also implicated increased cGMP and protein kinase G activity
[48, 48, 49]. In addition, studies on other regulatory stimuli leading to
increased bone growth have also implicated increased cGMP levels
and protein kinase G in this response {50-56]. In summary, then, il
can be seen from the above that thare is a very well-documented
action of EMFs in stimuiating osteoblasts and bone growth. The avail-
able data, atthough limited, support the action of the main pathway
involved in physiological responses fo Ca® and nitric oxide, namely
Ca’*fnitric  oxide/cGMP/proiein kinase G in producing such
stimutation,

Ca*/nitric oxide/peroxynitrite and
pathophysiological responses to EMF
exposures: the example of single-
strand DNA breaks

As veas noted above, most of the pathophysiclogical affects of nitric
oxide are mediated through peroxynitrite elevation and censequent
oxidative stress. There are many reviews and other studies, implicat-
ing oxidative stress in generaling pathophysiological effacts of EMF
exposure {sea for example 57-64]. In some of these studies, th rise
in oxidative stress markers parallels the rise in nifric oxide, suggest-
ing a peroxynitrite-mediated mechanism [64-67).

Peroxynitrite elevation is usually measured through a marker of
peroxynitrite-mediated pretein nitration, 3-nitrotyrosine (3-NT}. Thers
are four studies where 3-NT levels were measured before and after
EMF exposure (66, 68--70]. Each of these studies provides some evi-
gence supporting the view that EMF exposure increases levels of per-
oxynitrite and therefore 3-NT levels [66, 68-70]. Allhough these
cannol be taken as definitive, when considered along with the evi-
dence on oxidative stress and elevated nilric oxide production in
response to EMF exposure, they strengly suggest a peroxynilrite-
mediated mechanism of oxidative stress in response fo EMFs.

® 2013 The Author.
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Such a peroxynilsite-madiated mechanism may explain the many
studies showing tha single-stranded breaks in DNA, as shewn by
alkaline comet assays or the similar microge! electrophoresis assay,
following EMF exposures in most sugh studies [71-89), but not in all
[9C-97]. Some of the factors Whal are raported 1o influence whether
such DNA single-sirand breaks are detected after EMF exposuie
include the typa of cell studied |79, 86], desage of EMF exposure
[78] and the fype of EMF exposure studied [73, 77). Oxidative
stress and free radicals have roles, both because there is a con-
comitant increase in oxidalive Stress and bscause antiexidants
have been shown to greatly lower the generation of DNA single-
sirand breaks folfowing EMF exposure [72, 75, 81, 82] as has
also been shown for paroxynilrite-mediated DNA breaks produced
utider other conditions. it has also been shown that one can block
the generation of DNA single-strand breaks with a nitric oxide
synthase inhibitors [82}.

Peroxynilrite has been shown to produce singla-strand DNA
breaks [98-100], a process that is inhibited by many but not afl an-
tioxidants {99, 100}. It can be seen from this that lhe data on ganera-
tion of singte-strand DNA breaks, althougir quile limiled, supporl a
mechanism involving nitric oxide/peroxynitriteffree radical (oxidative
stress). Although the data on the possible role of peroxyniirite in
EMF-induced DNA single-strand breaks are limited, what data are
available supperls such a peroxynilrite role.

Discussion and conclusions

How do EMFs composed of low-energy photons produce non-thermal
hiological changes, both pathaphysiclogical and, in some cases,
polentially therapeutic, in humans ang higher animals? 1t may be sur-
prising that the answer to this question has been hiding in plain sight
in the scientific literature. However, in this era of highly focused and
highly spacialized science, few of us have the fima to read the relevant
literature, let afone organize the information found within it in usefut
and critical ways.

This study shows that:
1 Twenly-three different siudies have found {hal such EMF
exposures act vz activation of VGCGs, such that VGGG channel
blockers can prevent responses {o such exposures (Table 1).
Most of the studies implicate L-type VGCGs in these responses,
bul there are also other studies implicating three other classes
of VGCCs.
2 Both extremely low frequency fields, including 50/60 cycle
axposures, and microwave EMF range exposures acl via activa-
tion of YGCCs. So do static electric fields, static magnetic fields
and nanosecond pulses.
3 Voltage-gated calcium channel stimulation leads to
increased intraceliular Ga®*, which can act in turn to stimulate
the two calcium/calmodulin-dependent nitric oxide synthases
and increase nitric oxide. It is suggested here that nitric oxide
may act in therapeutic/potentially therapeutic EMF responses
via its main physiological pathway, stimulating ¢cGMP and pro-
tein kinase G. It is aiso suggested that mitric oxide may act in
pathophysiological responses 0 EMF exposurs, by acling as a

4

precursor of peroxynitrite, producing both oxidative stress and
free radical breakdown products.

4 The interpretation in three above is supported by two spe-
cific well-documented examples of EMF effects. Electromagnetic
fields stimulation of bons growih, modulaied through EMF
stimufation of ostaoblasts, appears to involve an elevation/itric
oxide/proiein kinase G pathway. In contrast to that, it seems
likely that the EMF induction of single-stranded DNA breaks
involves a Ca®felevaiion/nitric oxide/peroxynitriteffree radical
{oxidative stress) pathway.

it may be asked why we have evidence for invoiventent of VGCCs
inn response fo EMF exposure, but no similar evidence for invoivement
of vollage-gated sodium channels? Perhaps, tha reason is that there
are many important biolagical effects produced in increased intracel-
lular Ga®, including but not fimited to nitric oxide elevation, but much
fewer are produced by elavated Na*.

The possible role of peroxynilrite as opposed to prelein kinase G
in producing pathophysiological responses to EMF exposure raises
the question of whether there are practical approaches to avoiding
such responses? Typically peroxynitrite levels can be highly etevated
when both of its precursors, nitric oxide and superoxide, ar¢ high.
Consequently, agents that lower nitdc oxide synthase aclivity and
agents that raise superoxide dismutases (SODs, the enzymes that
degrade superoxide} such as phenolics and olher Nrf2 activators that
induce SOD activity {101], as well as calcium channel blockers may
be useful. Having said that, this is a complex area, where others
approaches should be considered, as well.

Although the various EMF exposures as well as static electrical
field exposures can acl to change the electrical voltage-gradient
across the plasma membrane and may, therefore, be expected to
stimulate VGCCs through their vollage-gated properties, it may be
surprising that static magnetic fields also act to aclivale VGCCs
because static magnefic fields do not induce elactrical changes on
static objscts. However, cells are far from static. Such phenomena as
cell ruffling [102,103] may be relevant, where thin cyloplasmic sheats
bounded on both sides by plasma membrang move rapidly. Such
rapid movement of the efectrically conducting cyloplasm, may be
expecied to influence the glectrical charge across the plasma mem-
brane, thus poteniially stimulaling the VGCCs,

tarlier modeliing of electrical effects across plasma membranes
of EMF exposuses suggested that such electrical effects were likely to
be top small to explain EMF effects al fevels reperted o produce bio-
logical changas (ses, for example [22}). However, more recent and
presumably more biologically plausible modelling have suggested
that such electrical effecls may be much more substantial {104--109)
and may, therefore, act to directly stimulate VGGCs.

Direct slimulation of VGGCs by partial depolarizalion across the
plasma membrane is suggasted by the following observalions dis-
cussed in this review:

1 The very rapid, aimost instantangous increase in intracellular
Ga® found in soma studies following EMF exposure (8, 16, 17,
19, 21, 27]. The rapidily hiere means that most, it not all indi-
rect, regulatory effects can be ruled out,

2 The fact that not just L-type, but three additional classes of
VGCCs are implicated in generating biological responses to EMF

© 2013 The Author,
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exposure (Table 1), suggesting that their vollage-gated proper-
ties may be a key feature in their ability to respond lo EMFs.

3 Most, if not all, EMF effects are blocked by VGCC channel
blockers (Table 1).

4 Modelling of EMF efiects on living cells suggests that plasma
membrang vollage changes may have key rofes in such effects
[104-109). Saunders and Jefferys staled [110] that ‘It is well
establishad that electric fields ... or exposure to low frequency
magnetic fields, will, if of sufficient magnitude, excile nerve lissue
through their interactions with ... vollage gated ion channels’.
They further state [110] that this is achieved by direct effects on
the electric dipole voltage sensor within the icn channel.

One question that is not answared by any of the availabla data is
whether what is known as ‘dirty electricity’ [111-113], generated by
rapid, in many ¢ases, square wave transients in EMF exposure, also
acts by stimutating VGCCs. Such dirty electricity is inherent in any
digital technotogy because digital technology is based on the use of
such square wave transients and it may, therefare, be of spacial con-
cern in this digital era, but there have been no tests of such dirly elac-
Iricity that determine whether VGCGs have roles in response to such
fields, to my knowledga. The nanosecond pulses, which are essen-
tiafly very brief, but high-intensity dirly electricity do act, at least in
part, wia VGGG stimutation (Table 1}, suggesting that dirty electrisily
may do likewise. Clearly, we need direct study of this question.

The only detailed aliamative to the mechanism of non-thermal
EMF effects discussed hars, to my knowledgs, is 1he hypothesis of
Friedman ef al. [114] and supported by Desai et al. {115] whers the
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apparent initial response 1o EMF exposure was proposed {o be NADH
oxidase activalion, leading to oxidative stress and dovmnstream regu-
latory effects. Although they provide some correlative evidence for a
possible rola of NADH oxidase [114], the only causal evidence is
based on a presurned specific inhibitor of NADH oxidase, diphenyle-
neiodonium {DPI). However, DPI has been shown fo be a non-specific
eation channe! blecker [116], clearly showing a lack of such specific-
ity and suggesting that it may acl, in part, as a VGCG btocker. Conse-
quently, a causal role for NADH oxidase in responses lo EMF
exposure must be considered to be undocumented.

tn summary, the non-thermal actions of EMFs composed of low-
energy photons have been a great puzzie, because such photons are
insufficiantly energetic to directly influgnce the chamistry of cells. The
gurrent review provides support for a pathway of the biological action
of ultralow frequency and microwave EMFs, nanosecond pulses and
static elactrical or magnetic figlds: EMF activation of VGCCs leads to
tapid efevation of inlracellular Ca®, nilsic oxide and in some cases at
least, peroxynitrite. Potentially therapeutic effects may be mediated
through the Ca®*/nitric oxide/cGMP/protein kinase G pathway, Patho-
physiological effects may be mediated through the Ca®/nitric oxide/
peroxyniliite pathway. Other Ca®*-mediated efects may have roles as
well, as suggested by Xu &t al. [26].
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