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To: Bureau of Land Management

Re: Gateway West Transmission Line Project

Wyoming’s environment is already impacted by numerous easements for pipelines,

utilities, etc. The best way for The Gateway project to have the least environmental impact
would be to follow existing utility right of ways without crossing additional municipal or

private property. If it is absolutely necessary to cross private property, it should be parallel
and adjacent to existing utility easements.

This approach will have the least impact upon private and public lands and will not spoil

existing uses or undeveloped terrain.

I am opposed to the project’s plan to cross Glenrock’s south municipal boundary and the

creation of a new utility corridor through the Laramie Range and Shirley Basin.
Sincerely,

Rick Bishop waj
P.0.Box 1773

833 South Second
Glenrock, WY 82637
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From: jmclain@blm.gov

Sent: Wednesday, October 19, 2011 6:53 AM
To: blm@gwcomment.com

Subject: Fw: gateway project

----- Forwarded by Joy Mclain/WYSO/WY/BLM/DOI on 10/19/2011 07:52 AM -----

"rockenc"
<rockenc@vistabea
m.com> To
<Gateway West WYMail@blm.gov>
10/18/2011 0©5:18 cc
PM
Subject

gateway project

Dear BLM

We the people that have lived here in Wyoming do not need any more junk. "transmissions
lines" We have plenty of power lines now and do not need any more lines running in, out and
through our Scenic State, that is know for its beauty. This would include personal property,
BLM grounds and government lands. These lines will only bring in a abundance of low poverty
stricken workers. The workers of the gateway transmissions lines will carry diseases, crime
and low intellectual mentality into our Wyoming communities thus, infecting and impregnating
our towns, cities and communities with this cancerous mentality. Proof of this can be seen
and felt in communities such as Arlington, Casper and Hanna Wyoming. This same synopsis also
applies to the o0il and gas industries working in and around our Wyoming communities.
Regards
Rick Cronk
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"Chris Gertschen" To <Gateway West_WYMail@blm.gov>
<cgertschen@cox.net> e
10/25/2011 03:39 PM b
Please respond to ce
<cgertschen@cox.net> Subject BLM, Gateway West Project

Walt George
Bureau of Land Management

Dear Mr. George:

Please include our comments in the record of the public poll and your
National Environmental Policy Act study concerning the Gateway West
transmission line project.

While we remain dubious about the need and the cost of the overall project,
we strongly support the alternative with the lowest deleterious
environmental impacts. We own a home and property in Hagerman, Idaho and
are particularly concerned about that portion of the project. Segment Alt.
8A has far more impact than "Segment 8". We strongly support Segment 8
which minimizes deleterious impacts on:

Plant and wildlife habitat

Public access and recreation (Billingsly State Park and Wildlife Management
Area)

Visual resources, and

Developed property.

Thank you for providing the opportunity to comment and thank you for your
time.

Sincerely,

Robert and Christine Gertschen

2567 Vineyard Alley

Hagerman, Idaho 83332

Mail to: P.O. Box 2166, Sun Valley, Idaho 83353
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From: info@gatewayeis.com

Sent: Sunday, October 23, 2011 4:19 PM
To: Gateway BLM

Subject: A comment from gatewayeis.com
Name:

Robert and Joanne Holland

Organization:

Mailing Address:
609 W Lakeshore Dr

Mailing Address 2:

City:

Cocoa
State:

FL
Zip:

32926

Daytime Phone:
321-338-0333

E-mail:
rjholle323@gmail.com

Confidential:
No

DEIS Location:

Comment:

My wife and I have been coming to Idaho since 1989 in order to paraglide and hang glide. We
fly the area south of Declo, from Mt Harrison down through the East Hills. Your lines would
impact the airspace such that we would no longer be able to pursue our sport. Our
instructor, Frank Gillette, lives at the base of the Albion grade and very frequently has
students out training in this area. Your lines need to be routed away from the hills and
mountains south of Declo, ID. Our lives would be endangered by possibly getting tangled in
your power lines. Pilots from all over the world have come here to fly. Your action would
negatively impact the tourist trade in the area relating to free flight. Please consider
routing your lines away from the hills and mountains.
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To Whom It May Concern:

My name is Robert A. Thomas, and I reside at 17947 Shortcut Rd. in Oreana, Idaho.

Here, my family ranches in the Brown and Catherine Creek valleys. This area was settled some

140-150 years ago and several early homesteads are still visible today. Typically, these
developments are crude living quarters called dugouts. There are at least four of these early
dwellings still standing today. In 1905, a family named Adcock bought this ranch and operated
it until 1996 when my family purchased it from Shirley (Adcock) Murdoch. It is my family’s
intentions to own and operate this ranch for several generations to come. I have two sons who
both live and work on the ranch. My oldest son has a 5 month old daughter and I am sure my
youngest, Logan, anticipates on having long and productive lives in stewardship of the ground.

The little community of Oreana is just one area directly and adversely affected by the

proposed route in segment 9. As a member of the Owyhee County Task Force—we were unified
in our goal of developing alternatives to the proposed route. The current proposed route

dissected valleys like ours and forever disfigures communities such as Bruneau, Little Valley,
Grand View as well as Castle Creek and Catherine Creek, which comprise Oreana. Little
thought was given to the proposed route as evidenced by the fact that this route, chosen by the
BLM—Idaho Power—Rocky Mountain power, transverses privately owned ground—where in
fact Owyhee County is nearly 80% publically owned. This astonished me, particularly when the
corridors within which this transmission line lies, according to SEC.368 Energy Right- of -Way
Corridors, should be placed on Federal grounds whenever possible. It appears to me that the
BLM in particular, was not fond at the idea of placing this on said Federal ground. Our
committee developed two routes 9D & 9E which nearly eliminated the project crossing private
property. Our belief was that since the project was of a benefit to the public, the public i.e.
BLM, should bear the burden where possible, of accommodating Gateway West. This seems
logical and we wondered why the parties concerned adopted a route so adversarial to the private
landowner. It was apparent that little consideration was given to our isolated valleys and
communities. As I have alluded to earlier, these valleys are important to us and represent the
corridors of our lives. To permanently disfigure these privately owned valleys with steel towers
of 200 feet in height and power lines transcending for miles across these ribbons of green would

be a travesty. Remember, a development of these monumental proportions is a forever project...
it will not go away with time.

=



In closing, I am optimistic that the determining bodies will look at two alternate routes
available, 9D & 9E. The proposed route, Segment 9, is definitely the least appealing. Thank you
for your time and consideration,

Sincerely yours,

Robert A. Thomas
Chad A —
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October 25. 2011

Bureau of Land Management
Gateway West Project
P.O. Box 20879

Cheyenne, WY 82003

RE: Transmission Line Project Comment

We would like to encourage the management team for the Gateway West Project to use an
alternate route for the line near Glenrock, Wyoming. Moving the line further south, Route 1 E-A,
along existing high power routes, would affect fewer people for this portion of the project.

The proposed route between the town of Glenrock and 1-25 will definitely be visible from homes
in Glenrock. This is also the main road for the residents and visitors coming into and leaving

Glenrock which commands a picture of pride. The town of Glenrock has planned development of
that area for future growth and we're pretty sure a high powered transmission line isn't in their

beautification concept. The visual impact alone will be enormous for the residents of Glenrock
and visitors alike with the current route.

We appreciate all the work you’ve done to provide power to the masses but we would not

appreciate having a high power transmission line as a part of our view of the mountains on a
daily basis.

Thank or the opportunity to comment,

/ W 4 b

Tina & Bob Harper
835 Grove

P.O. Box 844
Glenrock, WY 82637
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Draft EIS Comment Form
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Gateway West Transmission Line Project g’f’qﬁ L
Draft EIS comment period: July 29, 2011 - October 28, 2011 =L
=I5 =
= (=]
: =] =
Date: jﬂé_g/zm ] = 2
s O m}
First Name: j@c,{gg,#' Z,q ﬁ;,q n Last Name: ﬁt! rna vt
Organization or Office Name:

Mailing Address: _ P ’ d, ﬂs Ay 305 City: /é‘* rA/ < mq’ Stale@ Zip'g'é ? /
Daytime Phone: 208 —S4 8~ 2643 Emait: b rinarel=RLLEO msa. ey

[C] Please check here if you wish for your personal information to remain confidential*

{LU.5.C. elc.). See privacy note on reverse

It you wish for your contact information to remain confidential, BLM will prolect the personal information that you
submit to the extent allowed by law. However, the information may be subject 1o the Freedom of Information Act

Please submit your comments by October 28, 2011, Information submitted on this form is being voluntarily
provided solely for the purpose of commenting on the Gateway West Transmission Line Project
Comment;
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To mail this comment form please send to

7 e —
f o !
Bureau of Land Management | Gateway West Project | PO. Box 20878 | Cheyenne, WY 82003
Comments may also be submitted via email to: Gateway_West_WYMail@blm.gov or
online at www.wy.blm.gov/nepa/cfodocs/gateway_west

continued on back
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Privacy Note: Comments, including names and addresses of respondents, will be made available for public review after

the close of the official comment period. Before including your address, phone number, email address or other personal
identifying information with your comments, please be advised that your entire comment, including your personal identifying
information, may be made publicly available at any time. Although you may ask the BLM in your comment to withhold your
personal identifying information from public review, we cannot guarantee that we will be able to do so. All submissions from
organizations and businesses, and from individuals identifying themselves as representatives or officials of organizations or
businesses, will be available for public inspection in their entirety. Z"l o
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From: info@gatewayeis.com

Sent: Friday, October 21, 2011 1:33 PM
To: Gateway BLM

Subject: A comment from gatewayeis.com
Name:

Robert Love
Organization:
Mailing Address:

303 Morning Glory Lane

Mailing Address 2:

City:

Sandpoint
State:

ID
Zip:

83864

Daytime Phone:
208 255 4048

E-mail:
rblove2519@yahoo. com

Confidential:
No

DEIS Location:
chapter 2 section 4 page 2-43

Comment:

I am writing to express concern that the route proposed in the DEIS for Section 4 undermines

the state of Wyoming’s efforts at sage grouse conservation.
sage grouse habitat faced by Gateway West in Section 4,

Recognizing the problems with
the governor specifically modified

the state’s sage grouse conservation plan to establish a corridor for power lines through
sage grouse core areas. The DEIS rejects these efforts in favor of the proposed route which

destroys an entirely undamaged swath of sage grouse habitat and crosses two core areas.

is the kind of reckless exploitation of the state which has brought us to the point where
something like the listing of sage grouse as an endangered species will seriously limit
future development. Please make the responsible decision and use the 4A Alternate route

instead.

Robert Love
Homeowner - parcel number 2415-063-00-006

This
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From: info@gatewayeis.com

Sent: Wednesday, October 26, 2011 1:09 PM
To: Gateway BLM

Subject: A comment from gatewayeis.com
Name:

Robert Love
Organization:
Mailing Address:

303 Morning Glory Lane

Mailing Address 2:

City:

Sandpoint
State:

ID
Zip:

83864

Daytime Phone:
208 255 4048

E-mail:
rblove2519@yahoo. com

Confidential:
No

DEIS Location:
chapter 2 section 4 page 62

Comment:

I am writing in regard to the assertion that using the existing power line corridor (the 4A
Alternative) in Section 4 will ruin the Oregon Trail. For starters whatever is there to be
ruined was already ruined by the existing power lines. Additional lines would do minimal
additional damage and would spare areas on the proposed route which have not been damaged at
all. Secondly what could be a more fitting tribute to the brave pioneers who triumphed over
adversity, or died trying, than a massive army of towers following the path they made and
carrying electrical power west to make life easier for the descendants of the survivors. The
vast majority of these pioneers saw the Oregon Trail and particularly Wyoming as an obstacle
to be overcome not something to be cherished. If they could have, they would have built
something like an interstate highway. As it is, the scars they left with total disregard to
any environmental concerns are still clearly visible after more than 150 years. Furthermore
it’s not as though the proposed route does no damage to the Oregon Trail and other
archeologically and historically significant locations. The damage will just be in other
locations many of which are not as well identified as those in the existing corridor.

1



It seems the BLM employs certain archeologists who find glory and reward in making a fuss
about anything to do with the Oregon Trail. 1It’s the job they were hired for. They can
summon emotions which, if I were to use, would cause you to think or even say “get a grip” or
“be civil.” Don’t let these people manipulate you into a bad choice locating this power
line.

Robert Love
Homeowner - parcel number 2415-063-00-006
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Draft EIS Comment Form

Gateway West Transmission Line Project
Draft EIS comment period: July 29, 2011 - October 28, 2011

vate: /6/2/11
First Name:’_. 1} E]Mm\ Last Name? E};‘{ WL \Il,.f""\l

Crganization or Office Name: 5
Mailing Address: /(> W .'1{{;_!;}{& St ciy: Lol state:[ ] Zip: }_",.3'31:\.;
Daytime Phone: 4} /- 137§ Email: N1 oy - 22 e oot o vy
aytime Phone 5-’?Y mail: 1oy -2 ViSAblSudelam

|:| Please check here if you wish for your personal information to remain confidential®
*If you wish for your contact information to remain confidential, BLM will protect the personal information that you
submit to the extent allowed by law. However, the information may be subject to the Freedom of Information Act
(LU.S.C. elc.). See privacy nole on reverse.

Please submit your comments by October 28, 2011. Information submitted on this form is being voluntarily
provided solely for the purpose of commenting on the Gateway West Transmission Line Project.

Comment:

H;f A__r" /6&1;'/}/} T I"f;f-'.-w iy {?_}'{ [o J.¢ g *L-_]-

5l ol gt -
rr r

i — DS s TP I8 L H J'I-r 1 ; A s J"f’—,vff}f

a i ﬁ.'f f"f’ o L{J.u" T.f{’} Vi ?{j}f i | i ."IG: nd e
—M‘LLL’ -

&-;7. v -.I]_ A s A 2 ang o K _3 AT ﬂ'lf o

gt

LI £ eop i 'I' i f_'j -{..M e L g e Lf'ﬁ e, |
! 4 =

%/J.r' 7Z A \7&;( fﬂ_.{ ol f;f"rl ; _:?,: -rl [
LN Y ovor 6 S\ + ha ]
0 14 }/:;:,&i p&ral.sa.c;f fjﬁfrVE#.ud S e NP =

e —3 : <)
/Il"'} NG O Q AN/ '—&'fnﬂ’\ :’!“Jr ,
A B D 7 :

L i_m/l £ 4 vmf \L-/fu 4 @ LA i w

ved vou e

To mail this comment form please send to:
Bureau of Land Management | Gateway West Project | P.O.Box 20879 | Cheyenne, WY 82003

Comments may also be submitted via email to: Gateway_West_WYMail@bim.gov or

online at www.wy.bim.gov/nepalclodocs/gateway_west
continued on back



Privacy Note: Comments, including names and addresses of respondents, will be made available for public review after

the close of the official comment period. Before including your address, phone number, email address or other personal
identifying information with your comments, please be advised that your entire comment, including your personal identifying
information, may be made publicly available at any time. Although you may ask the BLM in your comment to withhold your
personal identifying information from public review, we cannot guarantee that we will be able to do so. All submissions from
organizations and businesses, and from individuals identifying themselves as representatives or officials of organizations or
businesses, will be available for public inspection in their entirety.
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Draft EIS Comment Form |oo526

Gateway West Transmission Line Project
Draft EIS comment period: July 29, 2011 - October 28, 2011

Date:

FirstName Ari, p Last Nm £

: s S
Organization or Office Name: /6/,:) vy aﬂw\m / ALl ’f‘m/ ae.
7 /

=

[
Mailing Address: /¢, 9 9 p St (7%%01‘[3/: ()recnn State; /2 Zip: FZh5D
Daytime Phone: 205 S 34 -.232 % Email;

[:I Please check here if you wish for your personal information to remain confidential*

*If you wish for your contact information to remain confidential, BLM will protect the personal information that you
submit to the extent allowed by law. However, the information may be subject to the Freedom of Information Act
(U.S.C. etc.). See privacy note on reverse.

Please submit your comments by October 28, 2011. Information submitted on this form is being voluntarily
provided solely for the purpose of commenting on the Gateway West Transmission Line Project.

Comment:
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10 mail this comment form please send to:
Bureau of Land Management | Gateway West Project | P.O.Box 20879 | Cheyenne, WY 82003

Comments may also be submitted via email to: Gateway_West_WYMail@bim.gov or LI qo
online at www.wy.blm.gov/nepa/cfodocs/gateway west

continued on back
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Privacy Note: Comments, including names and addresses of respondents, will be made available for public review after

the close of the official comment period. Before including your address, phone number, email address or other personal
identifying information with your comments, please be advised that your entire comment, including your personal identifyir
information, may be made publicly available at any time. Although you may ask the BLM in your comment to withhold your
personal identifying information from public review, we cannot guarantee that we will be able to do so. All submissions from
organizations and businesses, and from individuals identifying themselves as representatives or officials of organizations or
businesses, will be available for public inspection in their entirety. 49 auj
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Real estate slowdown shutters title office | Boy hurt
Business from R ] h
Alliance’s WEEL AL
Homedale branch slams tree
moves to Caldwell

Homedale's branch of the Al-
lamce Title and Escrow Ca., ap-
parently has fallen viclim o the
slamping real catats market.

Chember of Commene secne-
ey Robin Absrastur, who was
senior escrow officer of the title
compnny s Owyhes County af-
fice formerly located 7 W, Caolo-
rado Awe., explained the closure
af the outpest last week

“{Allinnce officials) deter-
mined that the growth poten-
timl for Owyhee County looked
Bileak for ol least the mext couple
of years and chacse to re-allocate
their rescuarces to Canyon Coustty,
where there is some growth, and
potestial for growih, going on,"
Aberastur) said

The neares Allsnos Title office
now is in Caldwell. The Home-
dale office, which closed May
2, was open for about two years
Aberashen said ihe affice still in
fased on a by-appointment basis
for contraet sigaings for Ohwyhee
County customers. All phone cally
to ibe old Homedabe namber ame
forwarded 1o Caldwell, 1o,

“Essentinlly the markel in
Crwyhos County is aboist 30 per-
cent of what it was Iwo yeass
Bgo when we opened,” Aberas-
thari said,

Messages left at Alliance's cor-
pomts office seeling official com-
ment have gone unanswered for
P wieelks

Aberagiun chase ned to acoept
& transfer to Camyon County, but
she said her assistast in Home-
dale, Vicky Ramirez, has made
the move back o the Caldwell
oifice

The dive in the market was
evident a3 the number af insur-
shle transactions (property sabes)

Title and escrow closes
Abeve: Allionee Thie and Escrow Co, has closed its Qwpber County
branch at 7 B Calorada Ave., in Homedale. Right: A sign on the door
refers clients to Caldwell and says the Homedale office is open only

by appointment,

plummeted from 80 per month
throughout Dwyhee County to
abpot 30, she said.

Abecastan said the market i
Liledy to remain sluggish.

“Unfortunately, with the mort-
page-lending erisds reducing the
number of potential buyers and
the artificinlly inflaied ssles prices
duse to out-af-state investors in the
jpast cople of yesrs, this i prob-
whly mot goang to tum around for
acouple years,™ she said. “There
&5 nn adjustment that needs to take
place in the market — net just in
Orayhes County, but Treasure
Valley — s that adjustment is
gaing 1o take & bit of time."

Aberasturi saud that other foc-
tors also played a role in the
] e of the He dal

- 2

‘bramch,

She eaid that developers have
had difficulty obiaining Oveyhes
County Planning and Zoning ap-
proval to build subdivisions usless

the new homes were to be next to
exigting city impact sheas.

"As long as the county PEZ &
halding tight on ther permits to
build, making it abmost imponsi-
ble to get a subdivison appraval,
there is nof gaing to be any growth
in the cousiy,”™ Absrasturi sad
“Title companies can't swrvive in
that esvircaiment ™

Thewe may be lght a2 ibe end
of the munnel i the Alliases site-
#tian, though The company stll
has the lesse on the West Colo-
rado Avenue building snd Aber-
msturt saad the company hopes
to re-oped the office in o couple
years when the market temg the
cofmer

In the meantime, she said,
there nre plana to cithes sub-lense
or possibly sell the Homedale
building.

“l don’t want to have another
empty bullding sining in town,"
Aberastun saad.

Aberasiuri continues o serve
a8 Chamber secretary and hng
been instrumentad in the develop-
ment of the speamang Block Party
and camival, She alio serves as
Homedale's business represen-
tative n the Western Allinnce foe
Economic Development board of
dareciors

"It is my hope that Homedale
can find ways to cantinse bo grow
is this masket and kesp the for-
ward momentam that b slneady
bees stnried in ihe local business
environment,” Aberasher said,

—IFB

Meeting set for power line on BLM land

A peblio scoping meeting is
scheduled for Toesdny in Musr-
phy about the Bureau of Land
Management's West Transmidsston
Line Project

The mesting will run from 3
pm to 7 p.m, and give folks &
chance 1o review the project, mk
questions and submit commesents,

The scoping meeting will take
plaoe st the Chwyhes County His-
torical Museism, 17045 Basey 52,
in Murphy,

For moere information visit
hllp:n’fnw.w.blm.gpvfncpﬂ
cfodocs/gatewny _west or call
(307) T15-6116

A BLM notice of intent docu-

ment states, the project proposed

by Idaha Power Co. and Rocky
Mountain Power of Wyoming en-
tails 1,250 miles of 230 md 500
lalovolt {k'V) electric transmissson
lines siretching from thi proposed
Windstar Substation near Glen-
ok, Wy o, 1o the placned Heming-
wigy substation near Melba,
Thenotice of intant, which alsa
grves notice that the two wtility
companits have msked for right-
of-way on public lends, states that
sutherization aof e project could
trigger amendment of BLM re-
#oures management plans.
According to ibe documend, ap-
promisnately 500 miles of the line
would eross public lend with &
sighit-of-vay inwidth of between

150 nnd 250 fest

Saven BLM alfices in Idaho —
including Braneaw, Jarbidge mnd
Crayhee — would be affected as
300 miles of the line would edoss
BLM land in the state.

The dociznent said that threagh
the public stoping process, the
BLM wall sdentify issues, poten-
tial irnpacts, mitigsthon measures
arsd alternatives io the proposal

Same of the issues already be-
ing examined include the effccn
af wildlife habitat, plants and
threatened, endangered snd sen-
titive species; rmpact on exis-
ing view whedy; effects on Native
Amerscan ciilfiural and sacred re-
sources, the impaet of constric-

Keep up with county news
in the Aﬂalanc?:e

tne on soil and water, and (he
potential for the introdoction or
proliferation of noxious weeds
end the abilicy 1o rehabiliate land
affecied by transmissson line con-

siruction mnd location

A V5-year-old boy was sent o
the hospital early Moy 20 afier
en automobale secident that ihe
Homedale Palics Dep nt sl
is invesiigating,.

Cpl. Perry Grant respanded
fo the report of & car slamming
head-en into a tree at 620 W,
ldaho Ave., =t 12:38 a.m. on
My 20,

Ghrang said lager in the wesk that
b is "positive” that the imjured
Juvenale was driving the car. He
s imvestigaions sill are trying
to determme if o second person
wag in the vehicle,

Girant adso said that be messured
152 fieet af tire marks through the
frant lawm of the residence, which
is just east of the Hemedals LDS
church.

Homedale Ambulance
responded to the scene, but Grant
said that en adult who srived on
the scene refused 1o let the boy
be taken to West Valley Medical
Center in Caldwell

Inmtead, the bay was driven by
personal car bo S Lidka's Medical
Center in Meridian where be wai
treased and released, Grant said.

—IFB

El-Ada plans
HIV testing
in Homedale

The El-Ada Commusity Action
Pastnership hins set isp anather doy
af free HIV testing o its Crwybee
County location i Homedale.

The screening will be held
from 10 am 1o 1 p.m oo Friday,
June 6 at the El-Ada office, 15W
Crlemds Ave.

Staffers at the screening will
wse the Oraguick Rapid Test, and
clignts will be ahle fo recelve
results in 20 mimutes. There is no
blood product imvolved becauss
the test uses an ornl sample to
screen for FOV antibodies.

For more informalion, contosct
El-Ada HI'Y preventices specialist
Katy Kupmwaki ot (208) 3452820
or keatylojawaki@msn cam

i

. _ Farnam or Absorbine
| Insect Repellants
10% OFF
Catile & Horse
Wormers 10% OFF

5441 Hwy 95 + Homedale

208-337-5706

(e 40
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SEC. 368. ENERGY RIGHT-OF-WAY CORRIDORS ON FEDERAL LAND.
(a) WESTERN STATES.—Not later than 2 years after the date

of enactment of this Act, the Secretary of Agriculture, the Secretary
of Commerce, the Secretary of Defense, the Secretary of Energy,
and the Secretary of the Interior (in this section referred to collectively
as “the Secretaries”), in consultation with the Federal Energy
Regulatory Commission, States, tribal or local units of governments
as appropriate, affected utility industries, and other interested persons,
shall consult with each other and shall—

(1) designate, under their respective authorities, corridors

for oil, gas, and hydrogen pipelines and electricity transmission
and distribution facilities on Federal land in the eleven contiguous
Western States (as defined in section 103(0) of the Federal

Land Policy and Management Act of 1976 (43 U.S.C. 1702(0));

(2) perform any environmental reviews that may be

required to complete the designation of such corridors; and

(3) incorporate the designated corridors into the relevant

agency land use and resource management plans or equivalent
plans.

(b) OTHER STATES.—Not later than 4 years after the date

of enactment of this Act, the Secretaries, in consultation with the
Federal Energy Regulatory Commission, affected utility industries,
and other interested persons, shall jointly—

(1) identify corridors for oil, gas, and hydrogen pipelines

and electricity transmission and distribution facilities on Federal
land in States other than those described in subsection

(a); and

(2) schedule prompt action to identify, designate, and incorporate
the corridors into the applicable land use plans.

(c) ONGOING RESPONSIBILITIES.—The Secretaries, in consultation
with the Federal Energy Regulatory Commission, affected

utility industries, and other interested parties, shall establish
procedures

under their respective authorities that—

(1) ensure that additional corridors for oil, gas, and

hydrogen pipelines and electricity transmission and distribution
facilities on Federal land are promptly identified and designated

as necessary; and

Procedures.

Deadline.

Deadline.

42 USC 15926.
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119 STAT. 728 PUBLIC LAW 109-58—AUG. 8, 2005

(2) expedite applications to construct or modify oil, gas,

and hydrogen pipelines and electricity transmission and distribution
facilities within such corridors, taking into account

prior analyses and environmental reviews undertaken during

the designation of such corridors.

(d) CONSIDERATIONS.—In carrying out this section, the Secretaries
shall take into account the need for upgraded and new

electricity transmission and distribution facilities to—

(1) improve reliability;

(2) relieve congestion; and

(3) enhance the capability of the national grid to deliver

electricity.

(e) SPECIFICATIONS OF CORRIDOR.—A corridor designated under
this section shall, at a minimum, specify the centerline, width,

and compatible uses of the corridor.
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ERS/USDA Data - 2009 Poverty Rates for Idaho http://www.ers.usda.gov/Data/povertyrates/PovListpct.asp?st=IDé&vi
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Browse by Subject: , 2009 County-Level Poverty Rates for Idaho
o Animal Products Idaho @

o Countries & Reglons

= E’_-GLDSH ith, & Safet Percent Number
o &
% FIOIED: Benateiy Go to the map to select a State

@ Farm Economy Go to Idaho State Fact Sheet
= Farm Practices &

Management Percent of total population in poverty, 2009
= Food & Nultrition

Assistance

o Food Sector

o Natural Resources &
Environment

o Policy Topics

¢ Research & Productivity

& Rural Economy

& Trade & International
Markets

E] Less fhan 109
percent

[ 11010 142 percent

14,3 o 162 percant

B 6.3 percent & morw

Get this map as a JPG image or a PNG image.

Click a column name to sort the table by that column.

All people in poverty | Children ages 0-17 in
{2009) poverty (2009)
90% 90%
confidence confidence
interval of interval of
estimate estimate
RUC Lower Upper Lower Upper
Fips= &) Name Codet FRTIEAt bound bound fercent bound bound
1 16000 Idaho 14.4 13.5 14.9 18.5 17.5 195
2 18001 Ada County 2 118 10:7 129 13:5 11.4 15.6
Adams
3 (16003 County ] 14.9 11.4 18.4 20.9 . 16.0 25.9
Bannock
4 |16005 County 3 14.5 11.8 17:2 18.5 14.4 22.7

\”r\c‘to
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| 0O0DL e

5 |1e0p7 |BearLake 7| 13.0 10.1 16.0| 18.3 13.8 22.7
County

6 |16000 |Benewah 6| 163 12.8 198 219 16.6 27.2
County
Bingham

7 [1e011 |COEE 6| 15.9 13.2 18.7| 208 16.6 24.6
Blaine

8 |16013 [CANS 7 8.0 6.1 98| 107 8.0 13.3

9 |16015 |Boise County 2| 128 9.9 15.8| 18.7 14.2 753
Bonner

1016017 | 00NE 6| 15.8 12.8 18.8] 235 18.5 28.6
Bonneville

1116019 | ONNE 3| 119 9.6 14.1| 16.0 125 19.5
Boundary

1216021 | onn 7| 159 12.2 19.5| 23.2 17.9 28.6

i3|iG00a |Euke 8| 14.4 10.9 18.0] 18.0 13.6 22.4
County
Camas

1416025 | 2SS 9| 10.3 8.0 12:6| 157 123 19.6
Canyon

15|16027 | ot il 483 16.3 20.1| 243 20.9 2758
Caribou

1616029 | g0 6| 109 8.3 13.5| 14.7 11i.3 18.2

17{160ay |[CASSA 7| 16.3 13.0 195 221 17.2 27.0
County

1816033 [Clark County 8| 161 i35 20.0| 23.4 17.8 29.0
Clearwater

1916035 | o 6| 468 2.7 20.4| 25.9 19.8 31.9
Custer

20116037 | c= 9| 134 10.3 16.6| 19.4 14.7 24.1

21|16039 [Elmore 4| 138 '10.5 17.1| 186 14.2 254
County
Franklin

2216041 | Cont 3| 106 8.2 13.0| 15.2 11.6 18.8
Fremont

23(16043 | MY 6| 149 11.6 18.2| 21.3 16.3 26.2

24116045 Gem County 2 14.8 11.3 18.3 22.2 170 27.4
Gooding

2516047 | 0000 7| 165 19 5 19.8| 23.0 17.9 28.1
Idaho

2616049 |50 6| 210 17.2 24.8| 286 22.8 34.3

27|16051 |Jefferson 3| 111 8.5 13.7] 161 12.3 19.9
County
Jerome

28(16053 | county 7| 154 12.2 18.6| 22.5 17.6 27.4

39 | {sasy |Koatenal 3| 138 12.0 156 18.5 15.3 21.7
County
Latah

30(16057 | SN 4| 184 15.3 215! 453 11.9 18.6

31 |16059 |Lembi 7| 185 14.7 22.3| 279 21.9 33.9
County
Lewis

32|16061 | S g| 152 11.6 18.9| 26.0 19.7 32.5

33| tegs3 | Uncaln o| 12.2 9.3 151 173 13.2 21.5
County

34 |16065 |Madison 6| 289 25.6 32.2| 182 14.3 57
County
Minidoka

35(16067 | oo 7| 149 11.4 18.3| 21.7 16.7 26.8

19190

7 nf13 O/7/AN1T 1T1.00 ANA
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Mez Perce

36(16069 | oF S 3| 137 11.1 16.2] 19.1 15.3 23.0

37|16071 |Qnelda 8| 1238 8.9 15.8| 169 12.9 20.8
oty ; ; : : ; ;
Owyhee
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See the county-level poverty rates from the 1990 and 2000 Census of
Population.

¥ Download the State- and county-level data in Excel format.
See important notes about intercensal model-based poverty estimates.

‘The 2003 rural-urban continuum codes dassify metropolitan counties (codes 1
through 3) by size of the Metropolitan Statistical Area (MSA), and
nonmetropolitan counties (codes 4 through 9) by degree of urbanization and
proximity to metro areas. See rural-urban continuum codes for precise definitions
of each code.

Source: Bureau of the Census, Small Area Income and Poverty Estimates,

*See the Census Bureau web site for a description of FIPS codes.

For more information, contact: Kathleen Kassel
Web administration: webadmin@ers.usda.gov

Updated date: December 11, 2009

[ a0

3 nf3 DTSt . as s



Owyhee County QuickFacts from the US Census Bureau

1 of2

http://quickfacts.census.gov/qfd/states/16/16073 . htm

|O0H 2Ll

State & County QuickFacts
Owyhee County, Idaho
Owyhee

People QuickFacts County Idaho
Population, 2010 11,526 1,567,582
Population, percent change, 2000 to 2010 8.3% 21.1%
Population, 2000 10,644 1,293,855
Persons under 5 years old, percent, 2009 7.7% 8.1%
Persons under 18 years old, percent, 2009 28.6% 27.1%
Persons 65 years old and over, percent, 2009 14.2% 12.1%
Female persons, percent, 2009 47.0% 49.8%

* White persons, percent, 2010 (a) 760%  89.1%
Black persons, percent, 2010 (a) 0.2% 0.6%
American Indian and Alaska Native persons, percent, 2010 (a) 4.3% 1.4%
Asian persons, percent, 2010 (a) 0.5% 1.2%
Native Hawaiian and Other Pacific [slander, percent, 2010 (a) 0.0% 0.1%
Persons reporting two or more races, percent, 2010 2.4% 2.5%
Persons of Hispanic or Latino origin, percent, 2010 (b) 25.8% 11.2%
White parsurﬁ not I-isparuc persnm 2010 68.3% 84.0%

-“Lmng in same house 1 '_.re'ar agn pl::t 1 yrn’rn‘ & u'mr 20052009 544% " 80.0%
Foreign born persons, percent, 2005-2009 15.1% 5.8%
Language other than English spoken at home, pct age 5+, 2005-2009 20.6% 10.0%
High school graduates, percent of persons age 25+, 2005-2009 T4.2% B7.7%
Bachelor's degree or higher, pot of persons age 25+, 2005-2009 10.6% 23.7%
Veterans, 2005-2009 1,199 131,400
Mean Imm! tlme tn work {rnnutes} wurkm age 16+ 20{]5-2009 25.5 200
Hmmuwmrsrup rate, 2005-2009 71.9% 71.2%
Housing units in multi-unit structures, percent, 2005-2009 4.4% 14.6%
Median value of mwrﬁr-mmleﬁ houslng l.rits 2005—20(]9 $12T 800 $166,700

" Households, 20052008 T a0 s,
Persons per household, 2005-2009 270 2.64
Per capita money income in past 12 manths (2009 dollars) 2005-2009 $18,049 $22 2682
Median househald incomea, 2009 $33,753 F44 644
Persons below poverty level, percent, 2009 17.4% 14.4%

Owyhee

Business QuickFacts County Idaho
Private nonfarm establishments, 2008 188 46.246%
Private nonfarm employment, 2008 1,774 537,952°
Private nonfarm employment, percent change 2000-2008 31.3% 10.3%2
Nnrﬂmplcryer emablisl'merrts 2(}03 654 110,461

Total number of firms, 2007 99 151671
EBlack-owned firms, percent, 2007 F 0.2%
American Indian and Alaska Native owned firms, percent, 2007 s 0.9%
Asian-owned firms, percent, 2002 F 0.9%
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Native Hawaiian and Other Pacific Islander owned firms, percent, 2007 F S
Hispanic-owned firms, percent, 2007 4.0% 2.6%
Women-owned firms, percent, 200_7 21.6% 23.5%
Manufacturers shipments, 2007 ($1000) o' 18010976
Merchant wholesaler sales, 2007 ($1000) 34,609 14,286,715
F{etg;l sales, 2007 ($1000) 3 50,935 20,526,631
Retail sales per capita, 2007 $4,653 $13,691
Accommodation and food services sales, 2007 ($1000) 4150 2,415,951
Building permits, 2009 20 4,863
Federal spending, 2008 66,800 11,227,1 852
- Owyhee
Geography QuickFacts County Idaho
Land area, 2000 (square miles) 7,677.98 82,747.21
Persons per square mile, 2010 1.5 18.9
FIPS Code 073 16
Metropolitan or Micropolitan Statistical Area Boise
City-Nampa, ID
Metro Area

1: Counties with 500 employees or less are excluded.
2: Includes data not distributed by county.

(a) Includes persons reporting only one race.
(b) Hispanics may be of any race, so also are included in applicable race categories.

D: Suppressed to avoid disclosure of confidential information

F: Fewer than 100 firms

FN: Footnote on this item for this area in place of data

NA: Not available

S: Suppressed; does not meet publication standards

X: Not applicable

Z:Value greater than zero but less than half unit of measure shown

Source U.S. Census Bureau: State and County QuickFacts. Data derived from Population Estimates, Census of Population and Housing,
Small Area Income and Poverty Estimates, State and County Housing Unit Estimates, County Business Patterns, Nonemployer Statistics,
Economic Census, Survey of Business Owners, Building Permits, Consolidated Federal Funds Report

Last Revised: Friday, 03-Jun-2011 15:26:35 EDT

18] 0

Qr7Mon11 1n-NN ANA



Ada County QuickFacts from the US Census Bureau

1 of2

http://quickfacts.census. gov/qfd/states/16/16001 htm

lOOD2(p
State & County QuickFacts
Ada County, Idaho
People QuickFacts Ada County Idaho
Population, 2010 392 385 1,667,582
Population, percent change, 2000 to 2010 30.4% 21.1%
Population, 2000 300,906 1,293,955
Persons under 5 years old, percent, 2009 7.6% B.1%
Persons under 18 years old, percent, 2009 25.9% 27.1%
Persons 65 years old and over, percent, 2009 10.2% 12.1%
Female ;IBFS-DFE percent, 2009 49.7% 49.8%
* White persons, percent, 2010 (a) 903%  89.1%
Black persons, percent, 2010 (a) 1.1% 0.6%
American Indian and Alaska Native persons, percent, 2010 (a) 0.7% 1.4%
Asian persons, percent, 2010 (a) 2.4% 1.2%
Mative Hawaiian and Other Pacific Islander, percent, 2010 (a) 0.2% 0.1%
Persons reporting two or more races, percent, 2010 2.8% 2.5%
Persons of Hispanic or Latino origin, percent, 2010 (b) 7.1% 11.2%
White persons not Hspar-c: persons, 2010 86.5% 84.0%
I.mng in same house 1 ',rear agc |;H:t1 'fl' old & o'mr 2005-2009 ??a%suu%
Foreign born persons, percent, 2005-2008 6.2% 5.8%
Language other than English spoken at home, pct age 5+, 2005-2009 8.3% 10.0%
High school graduates, percent of persons age 25+, 2005-2009 92.5% B7.7%
Bachelor's degree or higher, pct of persons age 25+, 2005-2009 34.2% 23.7%
Veterans, 2005-2009 32,975 131,409
Mean travel time to wurk {mmhtes} wnrkers aga 1E+ 2005-2{)09 19.4 200
" Housing units, 2009 T s1418 e4r.802
Homeownership rate, 2005-2009 70.1% 71.2%
Housing units in multi-unit structures, percent, 2005-2009 18.3% 14.6%
Median value of mvmr-umpled hGuamg ums 2005—201’.‘!9 $207 800 $168.700
" Households, 2005-2009 ST e T ss278
Persons per household, 2005-2009 2.54 2.64
Per capita money income in past 12 months (2008 dollars) 2005-2009 £27,805 £22.262
Median household income, 2009 $53,828 £44 B44
Persons below poverty level, percent, 2009 11.8% 14.4%
Business QuickFacts Ada County Idaho
Private nonfarm establishments, 2008 12,871 46,248
Private nonfarm employment, 2008 179,549 537,052
Frivate nonfarm employment, percent change 2000-2008 17, 20 19,35
Nmamplnyer esl:ahlrshnems EEDB 29,999 110,461
Black-owned firms, pen;:ent, 2007 0.4% 0.2%
American Indian and Alaska Mative owned firms, percent, 2007 1.0% 0.9%
Asian-owned firms, percent, 2002 1.2% 0.9%
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Native Hawaiian and Other Pacific Islander owned firms, percent, 2007 ] S
Hispanic-owned firms, percent, 2007 2.1% 2.6%
Women-owned firms, percent, 2007 25.4% 23.5%
“Manufacturers shipments, 2007 ($1000) T 4942388 18,010,976
Merchant wholesaler sales, 2007 ($1000) 6,006,918 14,286,715
Retail sales, 2007 ($1000) 5,855,102 20,526,631
Retail sales per capita, 2007 $15,720 $13,691
Accommodation and food services sales, 2007 ($1000) 795,953 2,415,951
I?»L_J@_iding permits, 2_009_ 1,438 4,863
Federal spending, 2008 2,259,639  11,227,185"
Geography QuickFacts Ada County Idaho

Land area, 2000 (square miles) 1,054.99 82,747.21
Persons per square mile, 2010 371.9 18.9
FIPS Code 001 16

Metroholi_tén or Micropolitan Statistical Area Boise

City-Nampa, 1D

Metro Area

1: Includes data not distributed by county:

(a) Includes persons reporting only one race.
(b) Hispanics may be of any race, so also are included in applicable race categories.

D: Suppressed to avoid disclosure of confidential information

F: Fewer than 100 firms

FN: Footnote on this item for this area in place of data

NA: Not available

S: Suppressed; does not meet publication standards

X: Not applicable

Z: Value greater than zero but less than half unit of measure shown

Source U.S. Census Bureau: State and County QuickFacts. Data derived from Population Estimates, Census of Population and Housing,
Small Area Ihcome and Poverty Estimates, State and County Housing Unit Estimates, County Business Patterns, Nonemployer Statistics,
Economic Census, Survey of Business Owners, Building Permits, Consolidated Federal Funds Report

Last Revised: Friday, 03-Jun-2011 15:26:26 EDT
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Sclence Selections

After binding to the VDR, vitamin D is known to increase
intestinal absorption of lead. [t is possible that the influence of vita-
min D an lead absorption from the gut differs by genotype, and that
people with the VDR B allele have greater absorption of lead via the
intestines and greater uptake and subsequent release of lead from
bone. The scientists note, however, that tibia lead measurements by
X-ray fluorescence were complicated by the fact that such analyses are
standardired to bone mineral content. Thus, higher tiba lead read-
ings could be attributed to higher lead content, lower calcium con-
tent, or bath.

Subjects with the ALAD? allele showed higher blaod lead con-
centrations but no differences in tibia or chelatable lead concentra-
tions compared with subjects lacking this allele. The results reinforce
observations that the ALAD? allele increases red blood cell binding of
lead, and so probably decreases the relative depasition of lead in criti-
cal target organs, possibly protecting against the toxicity of lead by
increasing the amount of lead excreted in urine.

All studies to date suggest that the ALAD! allele is more likely 1o
confer health risks from Jead exposure. The researchers also found
that lead workers homozygous for the ALAD! allele were much less
likely to have the VDR bb genotype; the two genes are apparently
linked despite the fact that they are located on different chromo-
somes. Although the VDR gene may play a role in susceptibility to
the health effects of lead, there are not enough data to indicate
whether its pelymorphisms will modify health risks, and If so, which
allele brings about such risks. Compared with controls, lead workers
seem to have a higher prevalence of ALAD? and VDR B. It may be
that the ALAD? and VDR B alleles are protective, and there might be
selection by genotype among lead workers—perhaps because workers
who become symptomatic upon exposure to lead would choose to
leave the occupation—but this speculation requires further study.
=lulian Josephson

A New View of ELF-EMFs

Are They Linked with Cancer Promotion?
The debate aver a possible link between cancer and extremely
low frequency electromagnetic fields (ELF-EMFs) began with
a 1979 study that found excess cancer in people who lived near
large electrical wires. It has continued through subsequent in
vitre, i viva, and epidemiological studies that often produced
conflicting results. In this issue, Gang Chen of the
Department of Pediatrics and Human Development at
Michigan State University and colleagues used an experimental
model developed to test cancer-promoting chemicals to exam-
ine whether ELF-EMFs might play a role in cancer promotion
[EHP108:967-972].

The development of cancer is a multistage process, During
norrmal development, immature cells undergo a process called
differentiation in which they become highly specialized (devel-
oping, for instance, into red blood cells) and are less able to
continue proliferating. In the first stage of cancer, initiation, a
cell's DINA is damaged through mutation, causing a differenti-
ated cell to resemble an immature one, in effect reversing the
process of differentiation. In the second stage, promotion, nor-
mial cellular controls go awry, and the mutated cell multiplies,
ELF-EMFs are too weak to kill cells or (most scientists agree)
to cause mutations and thus initiate cancer. However, they

could play a role during the promotion stage of cancer, Which'. \\ gifrerant role for eiectromagnetic fields? A 1978 study found that chiidren
who lived near power lines (2nd consequently had higher ELF-EMF exposurnes) had a

involves so-called epigenetic mechanisms (those that affect

In the laboratary, differentiation—which can be stimulated by
chemical treatment—can transform initiated cells into mature cells,
converting cells that had started to become cancerous into normal-
seerning adult cells. In this case, differentiation seems to be a healing
process that nullifles the mutation. What the group was testing was
whether ELF-EMFs could prevene differentiation in cells that had start-
ed down the road to cancer,

The research used mouse leukemia cells that, when treated with
dimethyl sulfexide (DMS0), differentiate into red blood cells. The
researchers group compared control cells, cells treated with DMSO,
and cells treated with DMSO and maintained inside a culture chamber
exposed to a B0-hertz ELF-EMF at varying strengths. In a systern used
o investigate the epigenetics of cancer promotion, the sclentists mea-
sured three end points, Proliferation, or cell growth, was determined by
measuring DNA concentration. Differentiation was measured by
detecting hemoglobin, a sign that the cell had developed into a red
blood cell. Youthfulness was gauged by measuring telomerase, the
enzyme that bullds telomeres, which keep chromosomes “young” and
able to divide.

Starting at a threshold dose of about 20 milligauss. (a measure of
the strength of the electrical field), the 60-hertz ELF-EMF caused a
dose-dependent reduction of differentiation, as well as an increase in
telomerase and proliferation. These effects resernble those of chemical
eancer promaters. (Under a power line, fields measure roughly 300
milligauss, and near home appliances they can exceed | gauss.)

While the study showed that ELF-EMFs could conceivably play a
biologieal role in carcinogenesis, cancer-promoting chemicals require a
long expasure to promote cancer, and human exposures to ELF-EMFs
are hard to gauge. Because electric flelds change so radically from point
to point, it's too early to say if typlcal exposures actually promote can-
cer. But by stressing the importance of promotion, the study could
focus future research on the environmental health effects of ELF-
EMFs. -David 1. Tenenbaum

gene expression rather than gene structure) and induce cancer higher incidence of cancer. Although most sclentists balieve ELF-EMFs are too weak

in cells that have already mutated.

Environmental Health Perspectives « vowwme 108 | nusaer 10 | October 2000

to initiate cancer, new research suggests they could play a role as cancer promaoters,
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Childhood leukemia and magnetic fields in Japan: A case-control study of
childhood leukemia and residential power-frequency magnetic fields in Japan
Michinori Kabuto'®, Hiroshi Nitta', Seiichiro Yamamoto?, Naohito Yamaguchi®, Suminori Akiba®, Yasushi Honda®,

Jun Hagihara"’, Katsuo Isaka’, Tomohiro Saitos, Toshiyuki Ojimag, Yosikazu Nakamura®, Tetsuya Mizoue®®, Satoko Ito“,
Akira Eboshida'', Shin Yamazaki'?, Shigeru Sokejima'?, Yoshika Kurokawa' and Osami Kubo®

'National Institute for Environmental Studies, Ibaraki, Japan
2National Cancer Center, Tokyo, Japan

*Tokyo Women's Medical University, Tokyo, Japan
*Kagoshima University, Kagoshima, Japan

>University of Tsukuba, Ibaraki, Japan

“Miyagi University, Miyagi, Japan
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55, . .
ks yoto University, Kyoto, Japan

Residential power-frequency magnetic fields (MFs) were labeled
as a possible human carcinogen by the International Agency for
Research on Cancer panel. In response to great public concern,
the World Health Organization urged that further epidemiologic
studies be conducted in high-exposure areas such as Japan. We
conducted a population-based case-confrol study, which covered
areas inhabited by 54% of Japanese children. We analyzed 312
case children (0-15 years old) newly diagnosed with acute lympho-
blastic leukemia (ALL) or acute myelocytic leukemia (AML) in
1999-2001 (2.3 years) and 603 controls matched for gender, age
and residential area. Weekly mean MF level was determined for
the child’s bedroom. MF measurements in each set of a case and
controls were carried out as closely in time as possible to control
for seasonal variation. We evaluated the association using condi-
tional logistic regression models. The odds ratios for children
whose bedrooms had MF levels of 0.4 pT or higher compared with
the reference category (MF levels below 0.1 uT) was 2.6 (95% CI
= (.76-8.6) for AML + ALL and 4.7 (1.15-19.0) for ALL only.
Controlling for some possible confounding factors did not alter
the results appreciably. Even an analysis in which selection bias
was maximized did not fully explain the association. Most of the
leukemia cases in the highest exposure category had MF levels far
above 0.4 uT. Our results provided additional evidence that high
MF exposure was associated with a higher risk of childhood leuke-
mia, particularly of ALL.

© 2006 Wiley-Liss, lnc.

Key words: residential magnetic  fields; childhood leukemia;

population-based; case-control study; Japan

Exposure to residential power-frequency magnetic fields (MFs)
has been suspected to increase the risk of childhood leukemia,
although the risk suggested by the first regortl has not consistently
been supported by the following ones.>™'® Recently, however,
pooled analyses conducted by Ahlbom et al.!' used geometric
means of MF levels and showed that the estimated summary rela-
tive risk was 2.00 (95% CI = 1.27-3.13) when 0.4+ uT was com-
pared with < 0.1 uT. Another pooled analysis by Greenland
et al.'? used arithmetic means of MF levels and showed that the
Mantel-Haenszel odds ratio comparing 0.3+ uT with < 0.1 uT
was 1.7 (95% CI = 1.2-2.3).

Still, the small number of cases in high-dose ranges remains
one of the limitations of these pooled analyses, and the causal
inference remains tenuous because of little evidence from animal
experiments and lack of appropriate biologic models. Thus, the
World Health Organization recommended conducting one or more
epidemiologic studies to evaluate the risk with more subjects
exposed to high MF levels in 1999,'* although the International
Agency for Research on Cancer (JARC) rated the power-fre-

@UECC Publication of the International Union Against Cancer

siotual Lancer it

quency MF as a possible human carcinogen in 2002 mainly
based on the above finding by the pooled analyses.

Thus, the present nationwide case-control study of childhood
leukemia was conducted in Japan, where high MF exposures were
expected to be more common than in the previously studied coun-
tries. This expectation was devived from Japan’s high population
density and the proximity of residences 1o electric power transmis-
sion lines (which refers not only te high-voltage power lines but
also to distributing transmission lines to the residences) and other
facilities as major sources of high residential MF levels, although
detailed data on residential MF levels and exposures were not
available when the present study was initiated in 1999,

Compared to the previous studies, this study is characterized by
more precise week-long exposure measurements, shorter intervals
between the diagnosis and the MF measurements both in cases
and controls, as well as a rigorous selection bias assessment. We
believe this study, the first elaborately conducted study from non-
Western countries, will add substantial evidence to the body of
scientific knowledge concerning this controversial issue.

Material and methods

The present study was approved by the Ethics Committee for
Human Studies of the National Institute for Environmental Stud-
ies, Tsukuba, Japan.

Subjects

We identified newly diagnosed childhood leukemia cases
through the following 5 major children’s cancer study groups in
Japan: Tokyo Children’s Cancer Study Group (TCCSG), Child-
ren’s Cancer and Leukemia Study Group (CCLSG), Tohoku
Children’s Leukemia Study Group, Japan Association of Child-
hood Leukemia Study (JACLS) and Kyushu/Yamaguchi Child-
ren’s Cancer Study Group (KYCCSG). Participating hospitals in
these groups numbered 245 in total. More than half of the hospi-

Grant sponsor: Speciul Coordination Funds for Promoting Science and
Technology from the Ministry of Education, Culture, Sports, Science and
Technology for 1999-2001.

*Correspondence to: National Institute for Environmental Studies,
16-2 Onoguwa, Tsukuba, Tbaraki, 305-8506, Japan.
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Frcure 1 = Catchment area.

tals were located in the areas with megalopolis. Our cases were
restricted to acute lymphoblastic leukemia (ALL) and acute mye-
locytic leukemia (AML) for the sake of comparability with the
previous stndies.3!11* The diagnoses of ALL and AML were
made on the basis of morphologic, immunologic, as well as cyto-
genic and molecular genetic features of the peripheral blood and
bone marrow aspirate. Children with diseases or conditions known
to increase the risk for leukemia were excluded from this study.
These conditions included chromosocmal abnormalities such as
Down’s syndrome, DNA fragility syndromes such as Fanconi’s
anemia and immunodeficiency syndromes such as Wiscot-Aldrich
syndrome.

Although the case ascertainment through the 5 groups virtually
covered the entire nation, we restricted our study area, or catch-
ment area, to 5 regions, including Tokyo, Nagoya, Kyoto, Osaka
and Kitakyushu metropolitan areas (Fig. 1). This was because
other areas than the catchment area were mainly sparsely popu-
lated and we expected that the proportion of residents with high
levels of MF exposure would be very low. The calchment area
consisted of 18 prefectures in the 5 regions covering 10.7 million
(53.5%) of the total 20.0 million children aged 0-15 years in
Japan.

Reguests for participation in the interview survey were sent to
781 (ALL + AML) cases living in the catchment area through the
children’s physicians; 381 families agreed to participate. Thus, the
participation rate for the overall cases was 381/781 = 0.49. Sixty
out of the 381 (AML + ALL) cases who initially agreed were
excluded. Among the 60 cases, 25 were excluded due to moving

after diagnosis and 35 were excluded due to measurement failure.
The reasons for the MF measurement failure were the following:
instrument trouble occurred in the houses of 5 cases, and 30 cases
changed their minds and stopped participating.

Once informed consent for participation was obtained from the
patient’s family, we randomly sclected controls from the Japanese
resident registration system in the catchment area by matching for
gender, age (= 25% for age < 4 years; * 1 year for age above 4
years), region and population size of the municipality (4 classes).
We selected 10 control candidates for each case to achieve 3
matched controls, because the participation rate for mail surveys
in Japan is usually less than 30%.'® Multiple letiers requesting
participation were sent until 3 controls were set for each case. In
total, 3,833 candidates in the catchment area were requested to
participate and 1,097 (28.6%) agreed. Among them, interview and
MF measurements were completed for 634 subjects. We excluded
23 controls due to incomplete MF measurements. Further, we did
not interview the remaining 440 contro] candidates since the num-

~ber of controls to be interviewed was reduced to 2 for each case

later in the study because of the difficulty of arranging interview
schedules for a set of 1 case and 3 matched controls within a short
study period.

Interviews

One or 2 trained interviewers were allocated for each of the 5
regions in the catchment area. The questionnaire was based on that
used in the National Cancer Institute study® and modified for this
Japanese study. In brief, the modified questionnaire consisted of
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TABLE J -RISK OF ALL + AML WITH COVARIATES LISTED BELOW

Bedroom MF
level (uT)

All subjects
included

Subjects lived
in current residences
for more than
6 months

All subjects
included
(nighttime
measurements)

Below 0.1 1.00 1.00 1.00

0.1-0.2 0.93 (0.51-1.71) 0.97 (0.52-1.79) 0.90 (0.47-1.72)
0.2-04 1.08 (0.51-2.31) 1.08 (0.47-2.47) 1.09 (0.50-2.38)
Above 0.4 2.77 (0.80-9.57) 2.87 (0.84-9.88) 3.20 (0.87-11.7)

Covariates: father's education and mother’s education.
"Time-weighted average for 1 week, except for the middle column, for which only nighttime (19:00—

06:00) measurements were used,

demographic profiles, medical history of family members, history
of moves (from conception to leukemia diagnosis), type of resi-
dence, mother’s education, child’s history of vaccinations, moth-
er’s and child’s histories of clectric appliance use, mother’s his-
tory of X-ray examination during pregnancy, drug use, smoking,
alcohol drinking, pesticide and other agricultural chemical uses, as
well as mother’s and father’s employment history. We interviewed
one of the parents of the cases/controls; the interviews were pre-
dominantly with mothers (97.8% for cases and 96.2% for
controls).

MF and other measurements

Two types of MF measurements were conducted: -week-long
continuous measurement at 30-sec intervals with the EMDEX-Lite
(40 Hz to 1 kHz; Enertech, Cambell, CA) in the child’s bedroom
and 5-min-long spot measurements with the EMDEX-II (40 to
800 Hz; Enertech) at several points inside and outside of the
house. The study by Friedman er al.'” as well as ours'® showed
that a 24-hr bedroom measurement was a good surrogate for 24-hr
personal exposure.

Thus, we selected the MF level in the child’s bedroom as a
measure of residential exposure. However, instead of 24-hr mean
levels, we used weekly mean levels, since residential MF levels in
many of the residences examined were lower during weekends
compared with weekdays, especially among residences where
indoor MF levels highly correlated with outdoor levels generated
by nearby power lines. It was also apparent that those weekly var-
iations were reflecting those in the power supply through the lines.

It has been suggested that MFs generated by transmission lines
may show a seasonal variation, depending on the extent of air con-
ditioning use.'? In order to reduce a possible bias due to seasonal
variation of MF levels, the dates of MF measurements in controls
and their cases were arranged as closely in time as possible; the
mean difference between case and controls within each set was
2.6 * 13.0 days.

Residential history

Based on the residential history of the families, we obtained the
length of stay at the current residence where the MF levels were
measured. This information allowed us to consider possible expo-
sure misclassification due to moving.

Statistical analyses

Among the subjects with MF measurements and interviews con-
ducted, 9 cases lost their matched controls and 31 controls lost
their matched cases. We excluded these 40 subjects. The remain-
ing 312 cases (251 ALLs, 61 AMLs) and 603 controls (495 ALLs,
108 AMLs) were subjected to conditional logistic regression anal-
yses. The association between residential MF exposure and child-
hood leukemia was measured in odds ratio {OR). We used
PHREG procedure of the PC-SAS (version 8.2; SAS Institute,
Tokyo, Japan) and computed ORs and their 95% confidence
intervals.

Because of the possibility of an inverse dose-response relation
even in the low-exposure range, 9 we first evaluated the associa-
tion between ALL risk and MF levels with 0.05 pT intervals using

the method of Greenland.*' Since this evaluation did nat indicate
any necessity for finer categorization, the MF level was then cate-
gorized with cut-points of 0.1, 0.2 and 0.4 uT for the sake of com-
parability with the pooled analyses.' ">

A possible confounding effect was examined by adding the
potential confounders (Table 1) to the logistic regression model as
covariates, In some models, we restricted the subjects to those
who had lived at their present residence for more than 6 months.

Evaluation of selection bias

Because we had expected low participation proportions for both
cases and controls, evaluation of the selection bias was planned in
the study protocol. We evaluated the selection bias in the follow-
ing 4 different ways.

GIS-based evaluarion. Differential participation, if any, prob-
ably comes from the suspicion of high MF exposure in case fami-
lies. It is natural to assume that their suspicion of high exposure
comes from living in close proximity to the high-voltage power
lines, not from the actual MF measurements. Thus, for the cases
and the controlg, we evaluated the difference in the distribution of
the distance from the closest power line among cases and controls
by the participation status.

For controls, we estimated the distribution of the distance from
the residence to the closest power line by the participation status in
the study. We were able to calculate the distance for all the control
candidates even if they did not agree to participate because their
names and addresses in the Japanese registration system are open to
the public. As for the cases, we could calculate the distribution of
the distance for those who agreed to participate in the study. Also,
we obtained maps indicating power lines from the 10 power compa-
nies in Japan. From these data, we calculated the distance between
a subject’s house and the closest power line (22-500 kV) using a
geographic information system (GIS) sofiware (ArcInfo; ESRI,
Tokyo, Japan). If the maps showed that a power line was located
within 100 m from the house, the distance was actually measured
with a laser-beam distance meter (Yardage Pro Model 20-1000:
Bushnell, Overland Park, KS) for ascertainment in the field.

Possible influence of selection bias on relative risk parame-
fer. In addition to the above evaluation, we evaluated the possible
influence of sclection bias on the ORs due to differential participa-
tion by sensitivity analysis. Detailed explanation can be found in
the Appendix. In brief, we evaluated whether or not the possible
most extreme scenario, in which all nonparticipant cases have low
exposure, could reduce the apparent positive risk to the null.

Subgroup investigation on participation among cases. For case
candidates identified through TCCSG, the largest children’s can-
cer study group among the 5 groups, we investigated the reasons
for nonparticipation by asking the physicians. By this investiga-
tion, we could evaluate whether or not there was a systematic bias
in participation among subjects by exposure levels.

Matching failure. Some subjects were excluded from the con-
ditional logistic regression analyses due to matching failure, i.e.,
the situation in which a case-control set loses the case or the catire
controls due to insufficiency of necessary data. To evaluate the
effect of this matching failure, we did unconditional logistic
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TABLE Tl - SOME DESCRIPTIVE CHARACTERISTICS OF CASES AND CONTROLS
ALL AML
Total number’ Cases Controls Cases Controls
n =251 % n =495 % n =061 % n= 108 %
Sex
Male 146 58.2 287 58.0 32 52.5 56 51.9
Female 105 41.8 208 42.0 29 475 52 48.2
Age at diagnosis (years)
=2 28 11.2 63 12.7 10 16.4 16 14.8
2-3 69 275 133 26.9 12 19.7 15 154
4-5 43 17.1 85 17.2 10 16.4 22 204
6-9 58 231 115 232 14 23.0 30 27.8
>10 53 211 99 20.0 s 24.6 23 21.3
Father’s education
< junior high school 18 i) 24 49 6 9.8 2 1o
Senior high school 88 358 154 312 27 443 26 24.1
> college/university 140 56.9 316 63.9 28 459 80 74.0
Mother’s education
< junior high school 18 72 21 42 4 6.6 1 0.9
Senior high school 102 40.6 180 36.4 26 42.6 40 37.0
> college/university 131 522 294 564 31 50.8 67 62.0
Mother’s history during pregnancy
Smoking
Yes 3% 13.2 42 8.5 T I1:3 9 8.3
No 217 86.8 452 91.5 54 885 99 91.7
Alcohol drinking
Yes 67 26.8 152 30.8 16 26.2 36 333
No 183 732 342 69.2 45 73.8 72 66.7
Passive smoking
Yes 109 434 189 383 31 50.8 40 37.0
No 142 56.6 305 61.7 30 49.2 68 63.0
Type of residence
Single-family house 141 56.2 283 572 32 52.5 67 62.0
Apartment 106 422 205 41.4 27 443 41 38.0
Length of stay at current house (months)
<6 16 6.4 27 5.4 3 4.9 12 11.1
6-11 23 9.2 Al 6.3 2 4.9 5 4.6
=12 212 84.5 437 88.3 55 90.2 91 84.3

"Individual variable totals may not equal the total number of cases and controls due to missing values.

regression analyses, including those who were excluded from the
conditional analyses.

Results
Basic profiles of subjects

Selected basic profiles of the subjects arc summarized in
Table II. Mothers of the ALL cases had lower educational levels
and a higher proportion of smokers (including passive smokers)
during pregnancy than those of the controls. Mothers of AML
cases had the same distributions of the attributes except for pas-
sive smoking, which was more prevalent among AML controls’
mothers than among AML cases’ mothers. The mean lime
between the diagnosis and the MF measurements was 13.3 = 5.8
months for ALL + AML cases and 13.2 * 5.6 months for con-
trols. (Controls do not have dates of diagnosis; the case’s diagno-
sis date was assigned to the corresponding controls.)

One-week MF measurements and spot measirements

Table III shows the correlations between 1-week MF measure-
ments and spot measurements. The [-week measurements had
high correlations with the spot measurements of detached houses,
whereas the correlations with the spot measurements of condomin-
iums were a little lower.

Risk of MF levels for childhood leukemia

As shown in Table [V, leukemia risk was associated with the
highest MF category, 0.4+ puT. The OR for ALL + AML was
2.56 (95% CI = 0.76-8.58) and that for ALL was 4.67 (95% CI =
1.15-19.0) against the reference category (MF levels below
0.1 pT). As shown in Table I, controlling for the potential con-

founding factors or using nighttime (from 19:00 to 06:00) meas-
urement only did not alter the ORs substantially, and restricting
the subjects to those who lived for more than 6 months in a given

residence yielded an even higher OR for the highest MF category.

When the distance from the power lines was used as a surrogate
for residential MF level, the ORs for ALL for 50-100 m and <
50 m were 1.61 (95% CI = 0.88-2.95) and 3.06 (95% CI = 1.31-
7.13), respectively, against the reference category (100+ m). The
corresponding ORs for AML were 3.11 (95% CI = 0.71-13.6)
and 1.25 (95% CI = 0.1{-14.9).

Variations in MF levels

The large hour-to-hour and day-to-day variations in MF levels
were observed especially among those with high exposure levels
as shown in Figure 2. Specifically, the weekend levels were lower
than the weekday levels, This weekday-weekend difference was
also observed for the subjects with lower exposure levels,
although the difference was smaller; the average MF level for
weekends was 0.051 uT and that for weekdays was 0.054 uT.

Profiles of highly exposed subjects

There were only 6 out of 312 cases and 5 out 603 controls
exposed to more than 0.4 uT MF. All high-exposure cases and 3
controls are for ALL and no cases and 2 controls are for AML.
Table V shows the sex and age at diagnosis, and Figure 2 shows
bedroom MF level for the cases and the controls in the highest-
exposure category. Most of ALL cases in this group had MF levels
much higher than 0.4 uT. The ages at diagnosis of the cases were
mostly less than 7 years old.
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TABLE III - CORRELATIONS BETWEEN 1-WEEK MF MEASUREMENTS AND SPOT MEASUREMENTS
One-week measurement Spot measurement (detached houses) S(%Ziﬂ:?;?:i?;?)n
(all houses)
BR1 BR2 ac1 ocz2 0ocC3 oc4 Entrance Window
One-week 1.000 0.938 0.826 0.914 0.910 0.874 (.895 0.712 0.632
< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
915 914 013 530 526 502 477 375 312
BRI (0.938 1.000 0.894 (.891 0.880 0.863 0.891 0.735 0.726
< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
914 914 913 530 526 502 477 374 371
BR2 0.826 0.854 1.000 0.868 0.856 0.852 0.878 0.444 0415
< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
913 913 913 529 525 501 476 374 371
0OCl 0.914 0.891 0.868 1.000 0.937 0.842 0.886
< 0,000t < .0001 < 0.0001 < 0.0001 < 00001 <0.0001
530 530 529 530 519 492 470
QCc2 0.910 0.880 0.856 0.937 1.000 0.894 0.839
< (.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
526 526 525 519 526 492 463
0C3 0.874 0.863 0.852 0.842 0.894 1.000 0.882
< 0.0001] < 0.0001 «< 0.0001 < 0.0001 < 0.0001 < 0.0001
502 502 501 492 492 502 470
ocC4 0.895 .891 0.878 0.88%6 0.839 0.882 1.000
< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
477 477 476 470 463 470 477
Entrance 0.712 0.735 0.444 1.000 0.538
< 0.0001 < 0.0001 < 0.0001 < 0.0001
3T 374 374 &5, 372
Window 0.632 0.726 0415 0.558 1.000
< (.0001 < 0.0001 < .0001 < 0.0001
372 371 371 372 372

The 3 numbers in each cell are correlation coefficient, p-value, and number of pairs. BR1 (bedroom 1) and BR2 are 2 places in the bedroom,
the former being the center of the room and the latter being at the head of the sleeping child. OC1 (outside comner 1) through OC4 are 4 comers

of the houses, Window is the one opposite to the entrance,

TABLE 1V - RISK OF ALL + AML AND ALL AND CHILD'S BEDROOM MF MEASUREMENTS CONDITIONAL LOGISTIC
REGRESSION ANALYSES WITH NO COVARIATE

ALL + AML ALL
Cases Controls OR (95% CI) Cases Controls OR (95% CI)
Bedroom MF level (pT)'

Below 0.1 276 542 1.00 223 447 1.00 !
0.1-0.2 18 36 0.91 (0.50-1.63) 14 29 0.87 (0.45-1.69)
0.2-0.4 12 20 1.12 (0.53-2.36) 8 16 1.03 (0.43-2.50)
Above 0.4 6 5 2.56 (0.76-8.58) 6 3 4.67 (1.15-19.0)
Total 312 603 251 495

'Timc-weighted average for 1 week.

Evaluation of selection bias: GiS-based evaluation and
sensitivity analysis
No association was found between participation status of con-
trols and proximity to power lines; according to Appendix Table II,
the participation proportion for < 50, 50-100, 100-300 and 300+
m were 0.15, 0.16, 0.16 and 0.16, respectively (p = 0.98).
Assuming the worst possible case scenario in which all highly
exposed cases participated and cases not participating had low
exposure levels (details are explained in the Appendix), we
obtained 1.84 for the lowest possible odds ratio for subjects
exposed to MF levels 0.4+ uT against levels < 0.1 uT.

Evaluation of selection Dias: investigation of nonparticipation
(aimeng cases

Among the letters sent to the cases identified through TCCSG,
40% were not delivered to patients’ families, and 12% were deliv-
ered but the families did not agree to participate. Therefore, the
participating proporfion among requests delivered was 80%. The
reasons for nondelivery included patients’ serious medical condi-
tions and failure to contact the families by the physicians due to
various reasons, such as a long interval between our request to the
physician and the patient’s visit to the hospital.

Evaluation of selection bias: marching failure

The unconditional logistic regression analysis of ALL showed
that the OR for the 0.4+ uT category was 4.45 (95% CI = 1.10-
17.9) controlling for age, sex and population size of the city. Sub-
stantial difference was not observed for different combination of
potential confounders, The value of OR was not substantially dif-
ferent from the results of the conditional logistic regression
analysis.

Discussion

Our study found a statistically significant association between
high residential MF levels (0.4+4 uT) and childhood ALL in
Japan. The dose-response pattern and magnitude of the ORs of
ALL + AML in the present study were generall_} in good agree-
ment with those of published pooled analyses.'"'* A meaningfully
increased risk was observed in none of the studies up to the level
of 0.4 T, and the ORs for 0.4+ pT against < 0.1 uT were 2.00
{(95% CI = 1.27-3.23) in the study by Ahlbom er al.'' and 1.60
(95% CI = 1.03-2.48) in the study by Greenland ef al."?

Our study has several methodologic advantages over the pre-
vious studies. First, MF levels were measured for an entire week.
Although Friedman et al."” reported that 24-hr bedroom spot MF
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FiGure 2 —~ Hourly mean bedroom MF level in the highest exposure category.

level used in the previous studyf’ was a useful predictor of personal
dosimetry measurements, the hour-to-hour variation and day-to-
day variation as demonstrated for the high bedroom MF level
-group may raise concern about measurement crrors and possible
biases. In this sense, our results using [-week-long bedroom MF
level as a measure of exposure are more precise and less biased.

To show this point, we evaluated the fluctuation of the OR esti-
mates (adjusted for mother’s and father’s education) using 1-day
MF level by restricting the MF measurements only to the first day,
the second day, ..., or the seventh day of the weeklong measure-
ments; the results showed that the point estimates of the OR com-
paring 0.4+ uT with < 0.1 pT ranged from 1.48 to 2.61. Although
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TABLE V - SEX AND AGE AT DIAGNOSIS OF ALL CASES AND CONTROLS
IN THE CATEGORY OF BEDROOM MF LEVEL > 04 uT

Sex Type Age al diagnosis (years)
Controls
Male ALL 24
Female ALL 3.1
Male ALL [1.5
Female AML 9.5
Male AML Al
Cases
Female ALL 22
Male ALL 5.0
Male ALL 5.7
Male ALL 6.2
Male ALL 6.4
Male ALL 12

the results are considered to be consistent, we might have obtained
incidentally a lower or higher OR estimate if we had used [-day
MF level, instead of I-week MF level. Second, the MF measure-
ments for cases were taken close in time to those [or matched con-
trols. The short interval between the measurement dates for a case
and matched controls should have reduced the seasonal variation
in MF measurements between the case and controls. Third, the
interval between the diagnosis and the interview was even shorter
than the previous study that tried to reduce the interval.® With a
longer interval, we would expect a lower correlation between the
MF levels measured in the study and the actual MF levels that
might have caused the disease in the past.

As we expected at the study outset, the participation rate for the
mail questionnaire survey for controls was low (28.6%), and this
may be an important source of concern. In Japan, this level of
response rate is not uncommon. Since people seldom encounter
mail surveys for real scientific studies, people may be weary of
commercial direct mails that pretend to be mail surveys. Whatever
the reason for the poor participation rate, the key question is
whether the differential participation led (o significantly biased
results regarding the relation with exposure, and hence the rigor-
ous analysis of selection bias was performed in this study. We
found no difference in participation proportion between those con-
trols living close to the power line and those living not close to the
power line by GIS-based analysis. Unfortunately, the same analy-
sis could not be conducted for cases because the information was
not available for cases that did not participate in the study. How-
ever, as shown in the results, low participation rate in cases (0.49)
was due not to the cases’ intentional rejection of the study, but to
the low accessibility to patients through physicians. Although the
low accessibility may still be related to exposure level, our sensi-
tivity analysis showed the minimum true OR for subjects with
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0.4+ pT MF is 2.32 and the maximum true odds ratio under the
null hypothesis is 2.04 if selection bias is taken into consideration.
Although the actual OR suffers from random variation, this calcu-
lation shows that the selection biag per se cannot fully explain our
positive finding.

In addition, our bias evaluation, such as controlling for potential
confounding factors including socioeconomic factors like moth-
ers’ education, the subject restriction by residence history and the
unconditional logistic regression analyses, revealed no substantial
difference in the results. .

Another limitation of our study is the lower than expected pro-
portion of subjects who were exposed to high MF exposures. Pos-
sible reason for the lower proportion seems to be related to the fol-
lowing characteristics in Japan: towers for high-voltage overhead
transmission lines are higher (laller) than other countries in gen-
eral; the power lines have been paired such that the MFs of the
lines cancel out (this system was adopted in the 1970s).

In conclusion, the present study, the first large-scale case-con-
trol study conducted outside of Europe and the United States,
based on weekly measured MF levels in children’s bedrooms,
showed an increased risk of MF level above 0.4 uT for ALL +
AML or ALL only, but not for the lower MF levels. We consider
the above results were not due to bias alone, although these may
be due to chance.

Acknowledgements

The authors thank Dr. Martha Linet and Dr. Kiyohiko Mabuchi,
Radiation Epidemiology Branch, Division of Cancer Epidemiol-
ogy and Genetics, National Cancer Institute, for their helpful com-
ments and are indebted to the advisory commitiee (Dr. Fumimaro
Takaku, Jichi Medical University; Dr. Mutsuro Ohira, National
Cancer Center; Dr, Sadanobu Kagamimori, Toyama Medical and
Pharmaceutical University; Ms. Midori Kaneko, Consumer Union;
Dr. Jun Komiyama, University of Shinshu; Dr. Takeshi Shiga,
Kinran Junior College; Dr. Kintomo Takakura, Tokyo Women’s
Medical University; Dr. Masao Taki, Tokyo Metropolitan Univer-
sity; Dr. Isamu Nagano, University of Kanazawa; Mr. Tadashi
Negishi, Central Research Institute of Electric Power Industry; Dr.
Kazuhiro Nomura, National Cancer Center; Dr. Masayoshi Yana-
gisawa, National Center for Child Health and Development; Dr.
Takesumi Yoshimura, University of Occupational and Environ-
mental Health) of the project for the constructive comments. They
are deeply grateful to the children’s families, data managers and
responsible physicians in the member hospitals of the 5 children’s
cancer study groups, academic societies concerned and also all of
the other staff members in the central and local offices for their
kind collaborations and laborious efforts.

References

1. Wertheimer N, Leeper E. Electrical wiring configurations and child-
hood cancer. Am J Epdemiol 1979;109:273-84.

2. Feyching M, Ahlbom A. Magnetic fields and cancer in children resid-
ing near Swedish high voltage power lines. Am J Epidemiol [993;
138: 46781,

3. Olsen JH, Nielsen A, Schulgen C. Residence near high voltage facili-
ties and risk of cancer in children. Br Med J 1993;307:891-3.

4. Verkasalo PK, Pukkala E, Hongisto MY, Valjus JE, Tlirvinen PI,
Heikkild PV, Koskenvuo M. Risk of cancer in Finnish children living
close to power lines. Br Med J 1993:307:895-9.

5. Dockerty JD, Elwood JM, Skegg DCG, Herbison CP. Electromagnetic
field exposures and childhood cancers in New Zealand. Cancer Cause
Control 1998:6:299-309.

6. Linet MS, Hatch EE, Kleinermann RA, Robinson LL, Kaune WT,
Friedman DR, Severson RK, Haines CM, Hartsock CT, Niwa S,
Wacholder S. Tarone RE. Residential exposure to magnetic felds
and acute lymphoblastic leukemia in children. N Engl J Med 1997,
337149,

7. Michaelis J, Schuez J, Meinen R, Zmann E, Grigat JP, Kaatsch P,
Kaleisch U, Meisner A, Brinkman K, Kalkner W, Karner H. Com-
bined risk estimates for two German population-based case-control

studies on residential magnetic fields and childhood leukemia. Epi-
demiclogy 1998;9:92-4.

8 UK Childhood Cancer Study Investigators, Exposures [0 power-fre-
quency magnetic fields and the rsk of childhood leukemia, Lancet
1999;354:1925-31.

9. McBride ML, Gallagher RP, Theriault G, Ammstrong BG, Tamaro S,
Spinelli JJ, Deadman JE, Fincham S, Robson D, Choi W, Power fre-
yuency electric and magnetic fields and risk of childhood leukemia in
Canada. Am J Epidemiol 1999;149:831-42,

10. Tynes T. Haldorsen T. Electromagnetic fields and cancer in children
residing near Narwegian high-voltage power lines. Am J Epidemiol
1999; 145:219-26.

1. Ahlbom A, Day N, Feyching M, Roman E, Skinner J, Dockerty J,
Linet M, McBride M, Michaelis J, Olsen JH, Tynes T, Verkasalo PK,
A pooled analysis of magnetic fields and childhood leukemia. Br J
Cancer 2000;83:692-8.

12. Greenland S, Sheppard AR, Kaune WT, Poole C, Kelsh MA. A
pooled analysis of magnetic fields, wire codes, and childhood leuke-
mia. Epidemiology 2000;1 1:624-34,

3. Repacholi MH, Albhom A, Link between electromagnetic fields and
childhood cancer unresolved. Lancet 1999;354:1918-9,

20\|q0



e

| 0022l

650 KABUTO ET AL.

14, 1ARC.Monographs on the evalnation of carcinogenic risks to humans.
Non-ionizing radiation: I, static and extremely low-frequency (ELF)
electric and magnetic fields. vol.80. Lyon: [ARC, 2002.

15. Statistics and Informarion Department, Ministry of Health and Wel-
fare. The results of prompt sample tabulation of national census of
2000. In: Japanese statistical yearbook. Tokyo: Printing Bureau, Min-
istry of Finance, 2000.46—49,

16. Statistics Section, Department of Social Sciences, College of Arts and
Sciences, University of Tokyo. Sratistical methods for the social and
behavioral sciences (basic statistics 2). Tokyo: University of Tokyo
Press, 1994, 8-10.

17. Friedman DR, Hatch EE, Tarone R, Kaune WT, Kleinerman RA,
Wacholder S, Boice ID Jr, Linet MS. Childhood exposure 1o magnetic
fields: residential area measurements compared to personal dosimetry.
Epidemiology 1996;7:151-5.

18. Kabuto M, Nitta H, eds. Health risk assessment of exposure to
extremely-low-frequency electromagnetic fields: NIES SR report
(SR-35-2001). Tsukuba: National Institute for Environmental Studies,
2001.

19. Swanson J. Residential power-frequency electric and magnetic fields:
sources and exposures. Radiat Prot Dosim [999;83:9—14.

20. Sokejima S, Kagamimori S, Tatsumura T. Electric power consump-
tion and leukemnia death rate in Japan. Lancet 1996;348:821-2.

21. Greenland S. Analysis of polytomous exposures and outcomes. In:
Rothman KJ, Greenland S, eds. Modem epidemiology, 2nd ed. Phila-

Ty

delphia: Lippincott Williams and Wiikins, 1593, 306-13.

Appendix

Sensitivity analysis of selection bias on relative
risk parameter

The data layout for formulations for the bias evaluation is
shown in Appendix Table I, which shows the counterfactual situa-
tion in which all the case and control candidates participate, as
well as the actual situation in the present study. The true odds ratio
estimate (OR,) and observed odds ratio estimate (OR,) in this
instance would be calculated as

. AD

Othﬁ
. ad (1)
Ry =—

O be

The OR, would be rewritten as follows using Equation 1 and
participation proportions:

(a/Pcan)(d/PcoL)
(b/Peon){c/Pcar) 2)

— OR, Pea Peon

OR, =

Pean Peal

where Py is the participation proportion for the cases with high
exposure, Pey, that for the cases with low exposure, Peoy that for
the controls with high exposure and Pc, that for the controls with
low exposure. That is, Peuy = /A, Peoyg = b/B, Peur = ¢/C and

APPENDIX TABLE I- DATA LAYOUT FOR FORMULATIONS
OF THE BIAS EVALUATION

Exposure level Cases Controls
Situation in which all the eligible subjects are included
High A B
Low G D
Observed situation in which part of the eligible subjects are
included
High 4 b
Low c d

APPENDIX TABLE II - DISTRIBUTION OF THE DISTANCE
FROM THE CLOSEST POWER LINE

Distance from power line Cases Controls

Situation in which all the eligible subjects are included (column
percent in parentheses)

< 50m 190 (5.0)
50-100 m 231 (6.1)
100-300 m 735 (19.4)
300+ m 2,626 (69.4)
Total 791 (100) 3,782 (100.0)
Observed situation (column percent in parentheses)

<50m 20 (6.4) 29 (4.8)
50-100 m 25 (8.0) 37(6.1)
100-300 m 55(17.6) 115 (19.1)
300+ m 212 (67.9) 422 (70.0)
Total 312 (100.0) 603 (100.0)

Some subjects were excluded because their GIS information was
not available.

APPENDIX TABLE HI - SELECTION BIAS EVALUATION WITH ‘GOMF
OBTAINED DATA: ALL AS AN EXAMPLE

Exposure level Cases Controls

Observed situation reconstructed from Table 2-1, ALL panel®
High (0.4+ pT)

Low (0.4 uT <) 245 492

Total 251 495
Situation in which all the eligible subjects are included

High (0.4+ pT) A B

Low (04 uT <) (2 D

Total 626 B-tD
Situation with Py = 1 ie, A=a=46

High (0.4+ uT) 6 B

Low (0.4 1T <) 620 D

Total 626 B+D
10R, = 4.02.

Peo, = d/D. Therefore, sensitivity analysis can be conducted by
evaluating OR, with Equation 2 and some obtained results.

Appendix Table II shows the distribution of the distance from
the closest power line by selection status. The controls studied had
almost identical distance distribution as those who were requested
to participate, i.e., there was no selection bias among the control
candidates, This gbservation implies that Pcou = Pgo can be
assumed for controls, and Equation 2 can be reduced to

A . P
Of— OR, -2t 3)
PCaH

We tried to evaluate the minimum value of OR, in the sensitiv-
ity analysis in order to maximize the bias. The above formula says
OR, is the smallest when Pg,y = | (meaning that all the cases
who were exposed to the high MF levels were included in the
study). If this value is applied to the ALL panel of Table 21, then
a= A = 6 for Appendix Table III. Since the total number of ALL
cases we requested to participate was 626, then C = 626 — 6 =
620, as shown in Appendix Table II1. From these data, Pgy = ¢/C
= 245/620 = 0.40. Since OR, for the ALL was 4.02 (using
Appendix Table L), substituting 0.40 for P, into Equation 3
yields the minimum OR, being 1.61. In the same line of reasoning.
minimum observable OR, 2.53 under the null hypothesis of OR,
being unity. Hence, OR, should be greater than unity when OR,
2.53. Although the above analysis neglects matching, doing so did
not appear to influence the estimation of ORs in our study, as men-
tioned in the main body of the article.
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Residential exposure to electromagnetic fields
and childhood leukaemia: a meta-analysis

|.F. Angelillo" & P, Villari 2

Although individual epidemiological investigations have suggested associations between residential exposure to
electromagnetic fields (EMFs) and childhood leukaemia, overall the findings have been inconclusive. Several of these
studies do, however, lend themselves to application of the meta-analysis technique. For this purpose we carried out
searches using MEDLINE and other sources, and 14 case—control studies and one cohort study were identified and
evaluated for epidemiological quality and included in the meta-analysis. Relative risk estimates were extracted from
each of the studies and pooled. Separate meta-analyses were performed on the basis of the assessed EMF exposure
{wiring configuration codes, distance to power distribution equipment, spot and 24-h measures of magnetic field
strength (magnetic flux density) and calculated magnetic field). The meta-analysis based on wiring configuration codes
yielded a pooled relative risk estimate of 1.46 (95% confidence interval (Cl) = 1.05-2.04, P=0.024) and for that for
exposure to 24-h measurements of magnetic fields, 1.59 (95% Cl = 1.14-2.22, = 0.006), indicating a potential
effect of residential EMF exposure on childhood leukaemia. In most cases, lower risk estimates were obtained by
pooling high-quality studies than pooling low-quality studies. There appears to be a clear trend for more recent studies
to be of higher quality. Enough evidence exists to conclude that dismissing concerns about residential EMFs and
childhood leukaemia is unwarranted. Additional high-quality epidemiological studies incorporating comparable
measures for both exposure and outcomes are, however, needed to confirm these findings and, should they prove to
be true, the case options for minimizing exposure should be thoroughly investigated to provide definitive answers for

policy-makers.

Keywords: electromagnetic fields; leukaemia, radiation induced; meta-analysis; risk factors.

Voir page 913 le résumé en frangais. En la pagina 913 figura un resumen en esparol

Introduction

In 1979 Wertheimer & Leeper (7) published the first
report that showed an increased frisk of cancer
mortality among children living near electrical wiring
configurations and which were consistent with the
presence of high currents. Although many studies
linking exposure to electromagnetic fields (EMFs)
with health effects have been conducted, there is still
much debate over whether this exposure at the levels
that occur in domestic settings can cause cancer,
particularly childhood leukaemia. Some workers have
recently called for an end to further research on
exposute to magnetic fields (2), whereas others
believe that abandoning research on this topic is
premature (3, 4).

Meta-analysis is a quantitative approach for
systematically combining the results of previous
studies in order to arrive at conclusions that cannot
be drawn from the results of any one study alone.
Although it has been applied most often to combine

! Associate Professor, Chair of Hygiene, Medical School, University
Magna Graecia, Via Tommaso Campanella, 88100 Catanzaro, Italy.
Correspondence should be addressed to this author

(e-mail: igiene@thebrain.net).

2 Assistant Professor, Department of Health and Preventive Sclences,
University Federico II, Naples, Italy.

Ref. No. 0062

the results of randomized trials, use of meta-analysis
is not confined to the synthesis of information from
expetimental studies. A large number of studies that
involve meta-analysis of nonexpetimental data have
been published in recent years, although such use of
the technique is less accepted than it is in the analysis
of data from clinical trals (3). Meta-analyses of
observational epidemiological studies have also
previously been carried out to examine the relation-
ship between residential EMF exposure and child-
hood leukaemia (6—77). In general, such analyses
have shown a significant increased risk of childhood
leukaemia when residential exposure is assessed
through the use of wirng configuration codes
(a categorical exposure rating scheme based on wire
size and distance from the residence), whereas the
association with other related markers of exposure,
such as proximity to power lines and calculated
magnetic fields from power lines, appears less
evident,

Several well-conducted epidemiological stu-
dies on'the association between EMFEs and childhood
leukaemia were published after the above -mentioned
meta-analyses appeared. The purpose of the present
investigation was to reassess the tisk of childhood
leukaemia associated with residential EMF exposure
in the light of these morte recent publications. In so
doing we hoped to be able to provide answers to the

following questions.
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« Could the association between wire codes and
childhood leukaemia be confirmed?

« Is there an association between childhood
leukaemia and other markers of residential EMF
exposure?

«  Whatis the overall quality of existing studies and is
there a relationship between the quality of studies
and the magnitude of risk?

+ What recommendations can we make for further
studies, if warranted?

Materials and methods

Identification of relevant studies

Studies pettaining to the relationship between EMFs
and childhood leukaemia were identified using a
MEDLINE seatch of the medical literature pub-
lished in English over the petiod 1966-98. Copies of
the relevant articles were obtained and reviewed to
identify additional teferences.

To be eligible for inclusion in the meta-
analyses, studies had to satisfy the following critera:
be primary studies, not reanalyses or reviews; be of
case—control, cohort, or cross-sectional design;
examine residential-based exposutes through witing
configuration codes, distance to power distribution
equipment, spot and 24-h measures of magnetic field
strength (magnetic flux density), and calculated
magnetic fields; examine childhood lenkaemia; report
an odds ratio and its vatiance or sufficient data to
estimate them; be in English, and be published before
January 1999,

Quality assessment

Each article was blinded with tegard to authors,
institution, and journal. The articles were read and
scored for quality by two independent readers using a
system that incotporates elements of methods
developed by Chalmers et al. (72), Longnecker et al.
(13), Mortis et al. (74) and Villari et al. (75). The
criteria employed are shown in the results section
below. A quality score was calculated as the
percentage of applicable ctiteria that were met in
each study. Items concerned with efforts to minimize
potential bias were given twice the weight of those
evaluating data analysis.

Data extraction

A number of different methods were used to
measure EMF exposure in the studies examined. In
the absence of a unique criterion, not all studies
examining EMF exposure and childhood leukaemia
tisk could be included in a single analysis. Exposure
assessment methods were aggregated into the
following categories: witing configuration codes;
distance to power distribution equipment; spot and
24-h measures of magnetic field strength; calculated
indices of magnetic field strength using distance to
power distribution equipment; and historic load data.
To aggregate exposute categoties across studies, we

dichotomized exposutre strata using the cut-off
points that wete common to most of the studies.
Mote specifically, in studies where the exposure
status was assessed through the wiring code ot
distance criterion, subjects wete considered exposed
if they were living in homes with high current
configurations orat a distance of less than 50 m from
any electrical sources, respectively. Similarly, in
studies where the assessment of exposure was made
via spot, 24-h measurements or historical calculation
of magnetic field strength, 2 cut-off point of 0.2 uT
was used.

For each blinded study, data were extracted ina
contingency table format, and odds ratios (ORs) with
95% confidence intervals (CIs) wete calculated. Data
extraction was carded out independently by two
readers. After completing data extraction, the two
readers met to resolve any differences and artive ata
consensus.

Statistical pooling

The random effects model described by DetSimo-
nian & Laird (76) was used to combine the collected
values. This procedure yields a single estimate of the
OR for leuksemia in children exposed to EMFs
compated with nonexposed children. It also enables
testing the homogeneity across the individual studies
(using the Q statistics); the heterogeneity, if not zero,
is then incorporated into the pooled variance
estimate.

We avoided pooling results obtained through
the use of different exposure criteria, and instead
carried out separate meta-analyses based on exposure
assessment methods, using the cut-off points
specified above. Studies that used more than one
method of EMF measurement were included in
more than one meta-analysis. In order to test all
decision rules that we used in extracting OR data, we
petformed additional meta-analyses using, for each
exposure assessment method, data that in the single
studies gave the lowest OR (best scenatio) and the
highest OR (worst scenario).

Finally, studies were also divided into two
groups and analysed according to their quality score:
the potential impact of the guality of studies on the
results was assessed by comparng pooled results
from studies with scores zbove the median to studies
whose scotes were equal to ot below the median.

Results

Literature search

The literature search identified 14 case—control
studies (7, 77-29) and one cohort study (30) that
investigated the telationship between residential
magnetic-field exposures and childhood leukaemia
and which met our inclusion criterda. Of these
studies, 10 employed only one method of EMF
measiurement (7, 17, 18, 20, 22, 24, 26, 27, 29, 30),
three used two methods (79, 25, 28), and two studies
used three methods (27, 23). Thus, six studies were

%ZIQD




|00 D2 L

Research

available for the meta-analysis evaluating exposure
through wiring configuration codes (7, 77, 19, 21, 25,
27) and five studies for the meta-analysis in which the
exposure was determined by spot measures (78, 19,
21, 23, 28), whereas meta-analyses based on distance
from electrical sources (20, 23, 24, 26), 24-h
measurements of magnetic fields (27, 25, 28, 29)
and calculated magnetic fields (22, 23, 25, 30)
comprised four studies each.

The inclusion of the studies by Tomenius (7§)
and Feychting & Ahlbom (23) in the metz-analysis
based on spot measurements of magnetic fields was
problematic, since a partial overlap of theit data cannot
be excluded. Therefore, we included in our main
analysis only the Feychting & Ahlbom study, testing
the impact of this choice in a sensitivity analysis,

Magnetic field strength was not dichotomized
at the 0.2 UT level in four studies reporting spot or

24-h measures and calculated indices (Tomenius (78)
=0.3uT; Londonetal, (27) = 0.125 and 0.264 uT for
spot and 24-h measurements, respectively; Olsen et
al. (22) = 0.25 uT; Tynes & Haldorsen (26) = 0.14
UT). In order to include in the meta-analyses all
available data, we assumed that the exposure cut-off
points used in these studies were comparable to the
0.2 uT exposure.

Quality assessment

Table 1 shows the results of the quality scoring
procedure. The potential for selection bias may be a
concern in the individual studies considered.
Although 11 of the 14 case—control studies used
population-based cancer registries to identify cases,
there are a number of important concerns about the
control selection. Only five studies used a population
register to identify controls. If the ascertainment of

Table 1. Items used in quality scoring for studies of the association between exposure to residential
electromagnetic fields (EMF) and childhood leukaemia

Quality scoring item

% of studies complying®

Case—control studies

Appropriate statistical analysis

Cases either randomly selected or selected to include all cases in a specific population 79
Cases identified without knowledge of exposure status 100
Response rate for identified cases > 75% 64
Control drawn randomly from the same population of cases 36
No known association between control status and exposure 93
Response rate for identified controls > 75% 50
Cohort studies
Initial response rate > 75% 100
Comparison of persons who did and did not participate 0
Follow-up rate > 75% 100
Comparison of who were and were not lost ta follow-up 0
Exposed/nanexposed subjects identified without knowfedge of disease status 100
No known association between nonexposed status and disease 100
All studies
Subjects unaware of specific associations of interest insofar as possible 67
Exposure/disease assessment made blindly with respect to the case—control/exposure
status of subjects 53
Specific disease criteria given 33
Disease validated by histology or other gold standard 53
Exposure evaluations made in relation to the time of diagnosis 67
Differential mobility among cases and controls (or among exposed and nenexposed)
considered 80
Age cansidered as potential confounder 100
“Sex considered as potential confounder 93
Socioeconomic status considered as potential confounder 87
Parental occupational exposure to EMF considered as potential confounder 20
-Indicaters of air quality (e.q. traffic density) considered as potential confounder 40
Competing carcinogenic exposures cansidered as potential confounder 40
Demographic data listed 53
Statistical analysis of demographic data 7
Power calculations performed 13
Precise Pvalues and/or confidence interval given 87
Test statistic specified 93
80

* If compliance was not spacifically indicated in the text, noncompliance was assumed.
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cases as well as the population register is complete,
these studies should be free of selection biases. In
most studies, howevert, controls wete selected in less
desirable ways, such as using regional birth certificate
files, random digit dialing or other cancer cases.
Response rates for cases and controls were frequently
less than 75%, particularly in studies requiring subject
interviews ot magnetic field measurements.
Misclassification bias cannot be considered
negligible. Although few smdies specified disease
ctiteria or cleatly stated that cancer diagnosis was
validated by histology or some other gold standard,
diseases like leukaemia are subject to relatively little
misclassification (false negatives are unlikely given
the severity of the disease, and false positives ate
unlikely given the medical scrutiny of suspected
cases). By contrast, exposure misclassification is a
pervasive concern in case—control studies of the
effect of exposure to EMFs. Unfortunately, not all
studies made serious efforts to collect as much of the
exposure data as possible while being unaware of the
case—control status of the subjects. Use of such a
procedute does not ensute the absence of errors but
makes it highly probable that errors would be
independent of case or control status and therefore
that the results would be biased towards the null.
Information bias associated with failure to
consider confounding variables may have been more
of a problem. With the exception of age (100% of
studies), sex (93%) and socioeconomic status (87%),
less than half of the studies considered potentally
confounding variables such as traffic density (40%),
parental occupational exposure to EMFs (20%) or
other competing catcinogenic exposures (40%).
Although attempts made to adjust for those variables
have produced evidence against the presence of
substantial confounding, such attempts ate severely
hampered by the scarcity of established ot even
strongly suspected causes of childhood leukaemia.
Statistical analysis was judged approprate in
most studies. Although the majority of studies listed
Pvalues and /ot 95% CI, very few listed or analysed
demographic data. Only two studies provided power
calculations.
Quality scotes for the individual studies ranged
from 0.33 to 0.82, and there was a clear tendency for
more recent studies to be of better quality (Fig. 1).

Statistical analysis

Table 2 lists the OR estimates with their respective 95%
CIs extracted from each study and shows the results of
pooling data from all studies according to the five
different methods of exposure assessment. Although
17 of these 23 estimates (73.9%) had ORs greater than
1.00, only 5 (21.7%) wete significantly greater than this
(P < 0.05). The overall OR estimates of these meta-
analyses were always greater than 1.00, indicating a
potential effect of residential EMF exposure on
childhood leukaemia risk. However, this effect is
statistically significant only for meta-analyses based on
wiring configuration codes (pooled OR = 1.46;95% CI

Fig. 1. Relationship between year of publication and quality score
of studies relating electromagnetic field (EMF) and childhood
leukaemia. Individual studies are identified by the name of the first author

(figures in parentheses are the literature references).
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= 1.05-2.04; P = 0.024) and 24-h measurements of
magnetic fields (pooled OR = 1.59; 95% CI = 1.14—
2.22; P=0.006). In the meta-analysis of studiesin which
the exposure assessment was made through spot
measurements of magnetic field, the exclusion of the
Feychting & Ahlbom study (23) and the inclusion of
that by Tomenius (78) decreased the overall OR below
1.00 (pooled OR = 0.94; 95% CI = 0.50-1.77; P =
0.850). Individual studies included in the different
meta-analyses appear heterogeneous (P < 0.05) enlyin
the case of exposute assessment performed with witing
configuration codes ot by distance.

Even in the presence of predefined and well-
established criteria, we encountered in many studies
more than one possibility for data extraction, For
example, in the study by Wertheimer & Leeper (7),
exposute assessment was performed both at birth
and death addresses, which resulted in OR estimates
of 2.28 and 2.97, respectively; Linet et al. (25)
calculated results using unmatched analysis as well as
analysis of matched case—control pairs, with corre-
sponding OR estimates of 1.19 and 1.39. To test the
sensitivity of our results to the different choices of
data extraction, we performed separate meta-analyses
using, for each exposute assessment method, data
that gave the lowest (best scenatio) and the highest
(worst scenario) OR estimates. The impact of the
different choices of data extraction did not seem to
be substantial (Table 3). The overall ORs resulting
from studies based on witing configuration codes
and 24-h measurements of magnetic fields were
always significantly different from 1.00, ranging from
1.33 to 1.58 and from 1.50 to 1.95, respectively.
Interestingly, the heterogeneity of studies included in
the meta-analysis based on witing configuration
codes, compared with the baseline analysis, tended
to dectease, and in the best-scenario hypothesis,
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Table 2. Summary of studies included in the meta-analyses relating electromagnetic fields (EMFs) and childhood
leukaemia according to EMF measurement methods

Study Country  Age of No. of cases® No. of controls? OR®
study
subjects
(years)
Wiring configuration codes®
Wertheimer & Leeper (ref. 1, 1979) USA <19 155 (63, 40.6%) 155 (29, 18.7%) 2.98; 1.78-4.98
Fulton et al. (ref. 77 1980) USA <21 198 (103, 52.0%) 225 (112, 50.0%) 1.09; 0.75-1.60
Savitz et al. (ref. 79 1988) USA <15 97 (27, 27.8%) 259 (52, 20.1%) 1.54; 0.90-2.63
London et al. (ref. 27, 1991) USA <17 211 (122, 57.8%) 205 (92, 44.9%) 1.68; 1.14-248
Linet et al. {ref. 25 1997) USA <15 402 (111, 27.6%) 402 (113, 28.1%) 0.98; 0.72-1.33
Petridou et al, {ref. 27 1997) Greece <15 117 (11, 9.4%) 202 (14, 6.9%) 1.39; 0671-3.18
Overal] 1180 (437, 37.0%) 1448 (412, 28.4%) 1.46; 1. 05-2,044
Distance from power distribution equipment®
Coteman et al. (ref. 20, 1989) England <18 84 (14, 16.7%) 141 (15, 10.6%) 1.68; 0.77-3.68
Feychting & Ahlbom (ref. 23, 1993) Sweden <16 38 (6, 15.8%) 554 (34, 6.1%) 287, 1.12-733
Petridou et al. (ref. 24 1993) Greece <15 136 (96, 70.6%) 187 (132, 70.6%) 1.00; 0.62-1.62
Tynes & Haldorsen (ref. 26, 1997) Norway <15 148 (3, 6.1%) 579 (55, 9.5%) 0.62; 0.30~1.28
Overall 406 (125, 30.8%) 1461 (236, 16.1%) 1.23; 0.70-2.18"
Spot measurements of magnetic fields?
Tomenius (ref. 78 1986) Sweden <19 243 (4, 1.6%) 212 (10, 4.7%) 0.34; 0.710-1.09
Savitz et al. (ref. 79, 1988) USA <15 36 (5, 13.9%) 207 (16, 7.7%) 1.93; 0.66-5.63
London et al. (ref. 27, 1991) USA <11 140 (16, 6.7%) 109 (11, 10.1%) 1.15; 0.51-2.59
Feychting & Ahlbom (ref. 23, 1993) Sweden <16 24 (4, 16.7%) 344 (70, 20.3%) 0.78; 0.26-2.36
Michaelis et al. (ref. 28 1997) Germany <15 176 (6, 3.4%) 414 (16, 3.9%) 0.88; 0.34-2.28
Overall 376 (31, 8.2%) 1074113, 10.5%) 1.11; 0.68-1.79"
24-h measurements of magnetic fields®
London et al. (ref, 27, 1991) USA <11 164 (20, 12.2%) 144 (11, 7.6%) 1.68; 0.78-3.64
Linet et al. (ref. 25, 1997) USA <15 463 (58, 12.5%) 463 (44, 9.5%) 1.36; 0.90-2.07
Michaelis et al. {ref. 28 1997) Germany <15 176 (9, 5.1%) 414 (8, 1.9%) 2.74; 1.04-7.21
Dockerty et al. (ref. 79, 1998) New Zealand <15 40 (7, 17.5%) 40 (3, 7.5%) 2.62; 0.63-10.95
Overall : 843 (94, 11.1%) 1061 (66, 6.2%) 1.59; 7.74-2.22¢
Calculated magnetic fields®
Feychting & Ahlbom (ref, 23, 1993) Sweden <16 37 (7. 18.9%) 554 (46, 8.3%) 2.58; 1.07-6.19
Olsen et al. (ref. 22 1993) Denmark 15 833 (3, 0.4%) 1 666 (4, 0.2%) 1.50; 0.34-6.73
Verkasalo et al. (ref. 70, 1993) Finland <20 35(3, 8.6%) 134797 (7297, 5.4%) 1.64; 0.50-5.35
* Tynes & Haldorsen (ref. 26, 1997) Norway <15 148 (1, 0.7%) 579 (14, 2.4%) 0.27; 0.04-2.10
Overall 1053 (14, 1.3%) 137596 (7 361,5.3%) 1.55; 0.73-3.32"

* Figures in parentheses are the number and percentage of exposed subjects.

b Figures in italics are 35% confidence intervals,

© Exposure strata dichotomized in low current configuration vs high current configuration.

d Random effacts model, as described by DerSimonian & Laird (ref. 76).

¢ Exposure strata dichotomized as distance <50 m vs =50 m.

" Summary odds ratio (random effects model, as described by DerSimonian & Laird (ref. 76)).

9 Exposure strata dichotomized as magnetic field strength <0.2 uTvs 0.2 uT.

R Calculation performed excluding the study by Tomenius (ref. 78, because of data overlapping with Feychting & Ahlbom's study (ref. 23).

became not significant (P < 0.05). In contrast, the
heterogeneity of studies in which the exposure was
assessed by 24-h EMF measures, although not

significant, tended to increase slightly either in the

best-case or worst-case scenaro.
The quality of the studies does seem to have a

substantial impact on our summary estimates,

particularly in meta-analyses based on wiring config-
uration codes, 24-h measurements of magnetic fields,

Discussion

By the end 0f 1998, 15 studies had been published that
provided relevant data on the association be

20|

and calculated magnetic fields, since high-quality-
score studies have lower risk estimates than low-
quality-scote studies (Table 4).

tween

40



RoloR-X 27,

Residential exposure to electromagnetic fields and childhood leukaemia

Table 3. Sensitivity of summary results of meta-analyses relating electromagnetic fields (EMFs) and
childhood leukaemia, according to choices of data extraction

EMF measurement method No. of Summary OR® P-value Heterogeneity
studies %* test P-value
Wiring configuration codes
Best scenario 6 1.33; 1.00-1.756° 0.048 10.86 (5)° 0.054
Baseline analysis 6 1.46; 1.05-2.04 0.024 16.00 (5) 0.007
Worst scenario 6 1.58; 1.14-2.21 0.007 14.65 (5) 0.011
Distance from power distribution equipment
Best scenario = = — - -
Baseline analysis 4 1.23; 0.70-2.18 0.47 8.46 (3) 0.037
Warst scenario - = - = -
Spot measurements of magnetic fields
Best scenario 4 1.03; 0.63-1.70 0.9 0.81(3) 0.847
Baseline analysis 4 1.11; 0.68-1.79 0.68 1.733) 0.63
Worst scenario - = - - -
24-h measurements of magnetic fields
Best scenario 4 1.50; 1.03-2.19 0.034 3.96 (3) 0.266
Baseline analysis 4 159; 1.14-222 0.006 2.55(3) 0.466
Worst scenario 4 1.95; 1.11-3.40 0.019 6.04 (3) 0.109
Calculated magnetic fields
Best scenario -~ = - - -
Baseline analysis 4 1.55; 0.73-3.32 0.25 6.10 (3) 0.107

Worst scenario -

2 Symmary odds ratio {random effects model, using the method described by DerSimonian & Laird, ref. /6).

b Figures in italics are 95% confidence intervals.
© Figures in parentheses are degrees of freedom,

residential exposute to EMF and childhood leukaemia:
nine in Burope, five in the USA, and one in New
Zealand, The majority of these studies appeared
between 1986 and 1993, and five studies wete
published in the period 1997-98. All but one were
case—control studies, most of which were based on a
comprehensive case ascertainment in a geographically
defined population. Exposure assessment was based
on a varety of methods, including witing configura-
tion codes, distance to power distribution equipment,
spot and 24-h measures of magnetic field strength, and
calculated indices using distance to power distribution
equipment and historical load data, One-third of the
studies employed more than one method of EMF
measurement.

In the present investigation, pooling results
arising from the use of different exposute criteria was
avoided, and we petformed separate meta-analyses
for each method of exposure assessment. The meta-
analysis based on witing configuration codes con-
firmed the 1.5-fold statistically significant excess of
childhood leukaemia alteady documented in previous
studies (7—77). The exposute rates among control
subjects in the individual studies varied from 6.9% to
50%, and the heterogeneity was found to be
statistically significant. The ca. 1.5-fold risk of
childhood leukaemia was also reported in meta-

analyses based on calculated magnetic fields and 24-h
measurements of magnetic fields. This excess risk
was significant only in the analysis of studies relying
on 24-h measurements of magnetic fields, in which
the exposute rate among controls varied from 1.9%
to 9.5%, and the heterogeneity was not statistically
significant. Meta-analyses based on distance and spot
measurements of magnetic fields produced ORs of
lower magnitude and not significantly different from
unity.

Other meta-analyses of the association be-
tween exposute to residential electromagnetic fields
and childhood leukaemia have been carried out. Fot
example, Washburn et al. (6), combining results of
studies published before 1992, found increased risks
for leukaemia, lymphoma, and nervous system
cancers, although the fisk of lymphoma was not
significant. Millet et al. (7), in separate meta-analyses
of studies published before 1993 according to EMF
measurement methods, documented statistically
significant increased tisks for childhood leukaemia
for witing configuration codes, and distance and
calculated indices, whereas spot measures consis-
tently showed non-significant odds ratios. On the
basis of studies published before 1994, Meinert &
Michaelis (§) confirmed the significant association
between childhood leukaemia and residential EMF
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Table 4. Sensitivity of summary results of meta-analyses relating electromagnetic fields (EMFs) and
childhood leukaemia to quality scores of individual studies

EMF measurement method No. of Summary OR*  P-value Heterogeneity

studies 2

y © test P-value

Wiring configuration codes
All studies 6 1.46; 1.05-2.04° 0.024 16.00 {5)° 0.007
Low-quality studies 3 1.72; 1.01-2.93 0.045 9.29 (2) 0.009
High-quality studies 3 1.15; 0.85-1.55 037 242 (2) 0.298
Distance from power distribution equipment
Al studies 4 1.23; 0.70-2.18 0.47 8.46 (3) 0.037
Low-quality studies 2 1.18;, 0.73-1.89 0.68 1.24 (1) 0.265
High-quality studies 2 1.29; 0.29-5.81 0.74 6.93 (1) 0.008
Spot measurements of magnetic fields
All studies 4 1.11; 0.68-1.79 0.68 1.73 3) 0.63
Low-quality studies 2 1.03; 0.55-1.91 0.93 0.18(1) 0.671
High-quality studies 2 124, 051-299  0.63 147 (1) 0.225
24-h measurements of magnetic fields
All studies 4 1.59; 1.714-2.22 0.006 2.55(3) 0.466
Low-quality studies 2 2.03; 1.11-3.71 0.022 0.93 (1) 0.335
High-quality studies 2 143, 096-2.14  0.08 0.71 (1) 0.399
Calculated magnetic fields
Al studies ' 4 1.55; 0.73-3.32 0.25 6.10 (3) 0.107
Low-quality studies 2 2.21; 1.07-4.58 0.033 0.65 (1) 0.42
High-quality studies 7 0.74; 0.14-3.83 0.72 L57(1) 0.21

# Summary odds ratio (random effects model, calculated using the method described by DerSimenian & Laird, ref. 76).

® Figures in italics are 95% confidence intervals,
© Figures in parentheses are degrees of freedom.

exposure measured through witing configuration
codes, whereas no association was found with
distance; the meta-analysis of studies in which the
EMF exposure was either measured directly or
calculated did not show an increase of childhood
leukaemia with higher cut-off points. More recently,
Wartenberg (9, 77) documented that witing codes
and related markers of exposure, such as proximity to
power lines and calculated magnetic fields from
power lines, were associated with an approximate
1.5-fold excess risk of childhood leukaemia, whereas
the evidence of an association with magnetic fields
measured directly was not, in the aggregate,
supported. None of these previous meta-analyses
provided overall risk estimates from studies in which
the exposure assessment was petformed through
24-h measurements of magnetic fields.

The quality of the individual studies included in
our meta-analyses was assessed on the basis of their
statistical analyses and the efforts made to minimize
potential for selection bias, misclassification bias
related to exposute as well as disease, and informa-
tion bias due to failure to consider potential
confounding vatizbles. Items concerned with efforts
to minimize potential bias were given twice the
weight of items evaluating data analysis. Since there
appeats to be no “gold standard” at present for EMF

measutement, we did not evaluate the operational

definition of exposure (e.g., all EMF measurements

methods were assumed to be equally valid). It is well

known that all quality assessment systems have a

subjective component, none have yet been validated,

and efforts to cotrelate quality scores with direction

or size of effect have had mixed findings (37, 32).

Therefore, we did not use quality scores to determine

studies to be included in the meta-analysis or to assign

statistical weights.

Despite these limitations, assessment of the
quality of the individual studies used in our meta-
analysis allowed us to draw the following conclu-
sions:

— thete has been improvement in study design and
reporting, since findings published more recently
tended to receive a higher quality rating;

— the possibility of selection bias, misclassification
bias related to exposure, and information bias
related to failure to consider potential confoun-
ders cannot be ruled out;

— most importantly, pooling high-quality-score
studies resulted in lower risk estimates than did
pooling low-quality-score studies.

If high-quality studies are mote likely to yield valid
information than low-quality studies, we can cen-
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clude that currently available data do not permit exact

quantification of the true excess tisk of childhood

leukaemia due to residential EMF exposure.

An important limitation of the meta-analytical
approach is related to publication bias. This occurs if
positive results are more likely to be published than
negative ones (33—35). In the case of residential EMF
exposure and childhood leukaemia, there is an
important factor that may mitigate the tendency for
negative findings to be excluded from the published
literature. In view of the considerable interest in this
topic, it seems unlikely that any investigator would
have trouble in getting even a negative study
published. Indeed, the great majority of the studies
that we included in our meta-analyses reported risk
estimates with P values greater than 0.05, suggesting
that non-significant results ate readily publishable.

Several conclusions may be drawn from the
results of this study.

. Fitst, an association between tesidential EMF
exposure and childhood leukaemia may exist. This
possibility is supported by the statistically sig-
nificant risk estimates obtained by pooling results
of studies in which the exposure was assessed not
only indirectly with markers such as wiring

configuration codes but also through direct
measurements of magnetic field for at least a
24-h period.

» Second, the magnitude of this excess risk, if any, is
at present unknown, given the possibility of
selection bias, exposute misclassification, and
the existence of confounding varables in the
individual studies.

o Thitd, there appears to be a clear trend for the
more recent publications to be of better quality. If
this trend continues, new good-quality studies can
be expected in the future.

« Finally, enough evidence exists to lead us to
conclude that dismissing concerns about EMF
and childhood leukaemia is unwarranted. What is
required is the publication of new state-of-the-art
epidemiological studies that incorporate compar-
able measures for both exposure and outcomes in
order to facilitate future meta-analyses. If this
excess risk of childhood leukaemia is confirmed,
we should thoroughly investigate, also from a
cost-effectiveness point of view, possible options
for minimizing exposure in order to provide
definitive answers for policy-makers. W

Résumé

Méta-analyse de la relation entre leucémie de |'enfant et exposition a des champs
électromagnétiques du fait du lieu de résidence

Les études épidémiologiques consacrées a la relation
entre leucémie de I'enfant et exposition a des champs
électromagnétiques du fait du lieu de résidence sont
suggestives sans toutefois étre concluantes. Un certain
nombre d'entre elles se prétent cependant a la technique
de la méta-analyse. Nous avons effectué une recherche
bibliographique au moyen de MEDUNE et d'autres
sources de données paur retenir 14 études cas-témoins
et une étude de cohorte dont nous avons évalué la
qualité épidémiologique et que nous avons soumises
ensuite & une méta-analyse, Nous avons tiré de chacune
d'entre elles une estimation du risque relatif et nous
avons réuni ces valeurs. Une méta-analyse distincte a été
effectuée selon le mode d'évaluation du champ électro-
magnétique (code de configuration du bobinage,
distance au centre de distribution, mesures ponctuelles
ou sur 24 h de I'intensité du champ magnétique (densité
de flux magnétique) ou détermination de ce champ par (e
calcul). La méta-analyse basée sur les codes de
configuration a donné une estimation combinée du
risque relatif égale & 1,46 (intervalle de confiance (IC) a
95% = 1,05-2,04, p = 0,024); celle qui prenait en

compte la mesure du champ sur 24 h donnant une valeur
de 1,59 (IC a 95 % = 1,14-2,22, p = 0,006 ) et
indiquant donc la possibilité d'une relation entre
exposition au ‘champ magnétique et leucémie chez
I'enfant). Dans la plupart des cas, le regroupement des
résultats des études de trés bonne qualité a donné une
estimation du risque plus faible que dans le cas des
gtudes de qualité médiocre. On constate une nette
tendance a |'amélioration de la qualité dans les études
récentes, On a en tout cas suffisamment de preuves pour
pouvoir conclure qu'il n'est pas justifié de faire bon
marché des craintes qui se sont exprimées au sujet du
risque de leucémie chez les enfants exposés a des
champs électromagnétiques du fait de leur lieu de
résidence. |l est nécessaire d'effectuer d'autres études
épidémiologiques de trés bonne qualité basées sur des
mesures comparables de |"exposition et de son résultat
pour pouvoir confirmer ces observations. Dans |'éven-

tualité d'une confirmation de cet excés de risque, il

faudrait étudier minutieusement les possibilités de
réduction de I'exposition afin que les décideurs puissent
disposer de canclusions définitives.

Resumen

Exposicion a campos electromagnéticos en zonas de residencia y leucemia infantil:

metanalisis

Las diversas investigaciones epidemioldgicas realizadas
sobre |a relacién entre la exposicién a campos electro-
magnéticos (CEM) en zonas de residencia y la leucemia

v - s s e

infantil se han saldado con indicios no concluyentes.
Varios de esos trabajos, sin embargo, se prestan a ser
estudiados mediante técnicas de metanalisis. En el
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presente metanalisis se incluyeron 14 estudios de casosy
testigosy un estudio de cohortes identificados a través de
MEDLINE y de otras fuentes, previa evaluacion de su
calidad epidemioldgica. Se combinaron las estimaciones
del riesgo relativo obtenidas en cada uno de los estudios
y se realizaron diversos metanalisis basados en las
distintas evaluaciones de la exposicién a los CEM
(codigos de configuracién del cableado, distancia a las
instalaciones de distribucion de la energfa, mediciones
puntuales y de 24 horas de la potencia de los campos
electromagnéticos (densidad de flujo magnético), cam-
pos magneéticos calculadas). El metandlisis basado en los
cédigos de configuracién del cableado arrojé una
estimacion del riesgo relativo de 1,46 (1C95%: 1,05 -
2,04, p=0,024), y en el caso de las mediciones de 24
horas de los campos electromagnéticos se obtuvo un
valor de 1,59 (1C95%: 1,14-2,22, p = 0,006), lo que

indica una posible relacion entre la exposicion a CEM en
zonas de residencia y la aparicién de leucemia infantil. En
la mayoria de los casos las combinaciones de estudios de
alta calidad dieron estimaciones del riesgo mas bajas que
las combinaciones de estudios de baja calidad. Se
observa una clara tendencia a una mayor calidad en los
estudios mas recientes, Existen datos suficientes para
concluir que no puede descartarse una relacion entre la
influencia de los campos electromagnéticos en lazona de
residencia y la leucemia infantil. Es necesario realizar
nuevos estudios epidemioldgicos de gran calidad, con
mediciones comparables tanto de la exposicién como de
los resultados, para corroborar estos resultados. Si se
confimara el posible exceso de riesgo, habria que
investigar a fondo las alternativas para reducir al minimo
la exposicion y praporcionar respuestas definitivas a los
formuladores de polticas.
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Magnetic Fields and Cancer: Animal and

Cellular Evidence—an Overview

Bo Holmberg

National Institute of Occupational Health, Solna, Sweden

A few animal studies on the possible carcinogenic effect of magnetic fields have been published. They have bean designed to reveal a possible
tumor promotion obtained by applying continuous or pulsed alternating fields at flux densities varying between 0.5 uT and 30 mT on mice or rats ini-
tiated with different initiators. One study with 2 mT applied on DMBA-initiated mice may suggest a copromotive effect together with the promoter
TPA. Another study on rats suggests an inihibitory effect by a magnetic field on rat liver foci formation, induced with DENA. Cell studies show that
magnetic fields at some frequencies, amplitudes, and wave forms interact with biclogical systems. Thus effects have bean seen, e.g., on enzymes
related to growth regulation, on calcium balance in the cell, on gene expression, and on pineal metabolism and its excration of the oncostatic mela-
tonin. Cellular and physiologic studies thus suggest effects that may be related to cell multiplication and tumer promotion. — Environ Health

Perspect 103{Suppl 2):63-67 (1995)

Key words: magnetic fields, carcinogenicity, mechanisms

Introduction

Carcinogenesis is a multistep and multifac-
torial phenomenon (7). Early animal exper-
imental studies demonstrating the multi-
step character of tumorigenesis (2, 3)
defined the two major steps as initiation
and promotion by observing the develop-
ment of tumors in mouse skin after local
aeatment with two types of carcinogens.
The term promotion was originally an
operational definition, associated with the
particular two-phase experimental protocol
used, Initdation has since been largely asso-
ciated with genotoxic effects due to direct
ot indirect interactions between the car-
cinogen, or its metabolites, and DNA. The
promotion step is responsible for the con-
version of initiated cells to transformed
cells. Promotion is associated with a num-
ber of cellular events, largely nongenotoxic
in nature. Some animal studies also form
the basis for a further division of the pro-
motion stage into stage I (conversion) and
stage II (propagation), A continuing cellular
evolution into a fully invasive and metasta-
sizing tumor cell tissue is termed progres-
sion, A chemical or physical factor capable
to be effective in all biological steps is
termed a complete carcinogen. It may be
possible in series of animal experiments to

This article was presented at the Fifth [nternational
Confarence of the International Society for Environ-
mental Epidemiology held 15-18 August 1993 in
Stockholm, Sweden.
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define the activity of a factor for one or
more of these (often overlapping) biclogical
steps. The multistep nature of tumor devel-
opment is assumed to be a gencral phenom-
enon and not restricted to certain tumors.

Two-phase experimental protocols
have been established for mouse skin
tumors and for rat liver tumors. In the
mouse, the occurrence of benign tumors,
papillomas, in the skin is analyzed and in
the rat the formation of prencoplastic cell
arcas (foci) in the liver is determined.
Two-phase protocols for other types of
tumors, such as leukemia and brain
tumors, have been less commonly used in
animal models in the past. Such studies
with magnetic fields are planned or ongo-
ing with different initiator regimens.

Animal studies are essential to define
the exposure parameters of magnetic fields
responsible for an effect. The flux density,
the frequency, the exposure duration, and
exposure profile are among the important
critical variables. Animal studies, as well as
cell studies, are also essential in order to get
an indication of the carcinogenic mecha-
nism. The identification of the carcino-
genic mechanism is imiportant for a solid
risk asscssment.

So far no full-scale, long-term animal
studies have been performed studying the
possibility of magnetic fields acting as a
complete carcinogen. Such studies are
planned or already started in the United
States (the NIEHS National Toxicology
Program) and Italy, Data from these stud-
ies will appear within the next few years.

In some animal experiments designed
primarily for studying possible tumor

promotion by magnetic fields (summarized
below), parallel series of animals have been
included, which attempt to give an indica-
tion on whether magnetic fields also act as
a complete carcinogen. As such parallel
serics consisted generally of small group
numbers, only limited conclusions can be
drawn from those observations in this con-
text. With one exception (4), the other
studies (5,6) seem not to reveal an effect
of magnetic fields as a complete carcino-
gen. The Georgian study (4) showed
around 30% mammary tumors in rats
exposed to 20 pT 50 Hz daily for liferime,
Control animals had no tumors. Details of
design, exposure regimen, and tumor
observations are, however, lacking,

Animal Experiments
Tumor Promotion Studies

In a 2-year tumor promotion study with
continuous 50-Hz magnetic fields, using
0.5-mT and 50-pT exposure on female
NMRI mice (5), the skin tumors and other
neoplastic lesions were observed after topi-
cal application of DMBA. The animals
were exposed to a magnetic field for 19 or
21 hr a day. TPA was used as a positive
control for skin tumor promotion. There
was no difference in skin tumor develop-
ment among DMBA and magnetic field-
exposed animals compared to the DMBA-
treated animals. This analysis was made
with correction for survival and made for
both cumulated tumor-bearing animals
and cumulated number of skin tumors.
Skin hyperplasia analyses did not reveal
skin hyperplasia among DMBA + magnetic
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field-exposed mice related to magnetic field
exposure,

A study (6) using female CBA/S mice
and pulsed magnetic felds ar 20 kHz witch
a saw-tooth shape and a flux density of
15pT (peak to peak) was designed to
observe a possible enhancing effect of X-
ray-induced lymphomas or of spontaneous
lymphomas in this particular strain. Four
X-ray doses of 1.31 Gy each were adminis-
tered with a 4-day interval and the subse-
quent magnetic field exposure was per-
formed 24 hr/day over the lifetime. In the
X-ray-treated series a high lymphoma fre-
quency was obtained. There was no statisti-
cal difference in lymphoma appearance
berween the X-irradiated animals and dhose
also exposed to magnetic fields.

A large German study (7) using
Sprague-Dawley rats involved four experi-
ments and exposures to' 15-mT DC fields
or a gradient field of 0.31-1 T, as well as
a homogeneous field of 30-mT (continu-
ous) 50-Hz AC fields, after initiation of
mammary tumors with repeated (4 X5 mg)
oral administrations of DMBA. The expo-
sure was performed 24 hr/day for 91 days.
Magpnetic fields did not alter the induced
tumor frequency except in one experiment,
where 30-mT AC fields increased the num-
ber of tumors per tumor-bearing animal.
Fifteen-millitesla DC fields increased
tumor weight but not tumor frequency in
one experiment. The number of animals in
the groups was small (18-36), limiting the
sensitivity of the study. Also, the exposure
and observation period was short. The
experiment with 30-mT AC fields was
repeated without the second time showing
an increase in the number of tumors per
tumor-bearing animal.

In a Georgian study (4) female rats
(strain not specified) were initiated with
NMU at a dose of 50 mg/kg bw adminis-
tered iv to induce mammary tumors,
which could be enhanced by subsequent
50 Hz magnetic field exposure. Two types
of magnetic felds were used, variable (AC)
fields and static (DC) fields with an inten-
sity of 20 pT. The magnetic field exposure
was 0.5 hr or 3 hr daily starting 2 days
after NMU administration and possibly
ongoing for the animal’s lifetime (exposure
derails are not specified). Three hours of
daily exposure to AC or DC fields
increased the incidence of NMU-induced
mammary tumors, while 0.5 hr of daily
exposure did not. Also, the time-to-tumor
appearance was shorter among the animals
exposed for 3 hr daily. In the 3-hr groups,
malignant tumors dominated among the
histologic types, compared to the control
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group. The results obrained in these experi-
mental series need to be confirmed.

The rat liver foci model has been used
in a series of experiments (8,9). The expo-
sure lasts for 12 weeks, when animals are
sacrificed and liver samples are taken for
staining for the enzyme markers, GSTp
and GGT. In one study (8), 0.5-, 5-, 50-
pT, and 0.5-mT continuous magnetic
fields at 50 Hz were used in a tumor pro-
motion protocol using Sprague-Dawley
rats and DENA as initiator. This study did
not show an enhancing effect of continu-
ous magnetic fields on the development of
prencoplastic foci induced by DENA.
Interaction Studies
In three papers on skin tumor promotion
in SENCAR mice (10-12) 2 mT and 60
Hz continuous magnetic field-exposure
was used during 6 hr/day, 5 days/weck up
to 21 to 23 weeks. In the investigation by
McLean et al. (1I) both promotion
{above) and co-promeotion of skin papillo-
mas were studied in female SENCAR mice
exposed to 2-mT, 60-Hz magnetic field.

Using an initiating treatment of 2.56 pg

DMBA (10 nmole) and a subsequent expo-
sure to 1 pg TPA applied to the dorsal skin
weekly, they tested whether a 21-week
magnetic field exposure could modify
tumor development, They found a slightly
earlier development of tumors in the mag-
netic field-exposed animals, the difference
in time to appearance of tumors was, how-
ever, not statistically significant. In a fol-
low-up study (/2) the same strain and sex
was exposed under the same field condi-
tions using a weekly dose of 0.3 mg of
TPA. The rate of rumor development was
found to be increased in the magnetic
field-exposed group compared to a sham-
exposed TPA group. A difference in the
cumulated number of mice with tumors
was observed, but this difference did not
reach statistical significance at the end of
the observation period (23 weeks).
Splenomegaly (1) was observed among
the TPA + magnetic field-exposed mice,
and there was a greater number of
mononuclear cells in the spleens of animals
with combined exposure. There was also a
depressed NK cell activity. This is sugges-
tive of a suppression of the immune sys-
tem, possibly related to a development of
leukemia/lymphomas.

In one liver foci experiment (9), 50-
Hz continuous magnetic field exposure at
0.5 pT and 0.5 mT was applied during
both the hepatectomy and the initiarion
phase (with DENA), as well as during the
promotion phase in combination with a
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phenobarbital (PB) treatment. The forma-
tion of preneoplastic foci was slightly
inhibited in terms of foci area, frequency,
and volume for both enzyme markers.
This inhibition was statistically significant
for 0.5 pT in terms of number of GGT-
positive foci per cubic centimeter liver and
for 0.5 mT in terms of mean area and per-
centage foci volume as estimated by the
GSTp marker.

Hitherto published animal studies, using
continuous 50- or 60-Hz magnetic fields,
do not support the hypothesis of a tumor
promotive effect of magnetic fields, as stud-
ied in mice and rats, with different protocols
and initiators. Only one study reports a
(surprisingly) high incidence of mammary
tumors induced by NMU after 3 hr of daily
exposure to variable or static magnetic fields.
One other study in mice suggests a copro-
motional effect of 2-mT and 60-Hz mag-
netic fields obrained with the skin-specific
control promoter. The suggestive informa-
tion on mammary tumors and copromotion
of skin tumors needs to be confirmed.
Several animal experimental studies on
tumor promotion with different magnetic

 field exposure regimens, initiators, tumor

types under observation, and animal strains
are ongoing or planned in Canada, [raly,
Japan, Sweden, and the United States.
Physiologic Studies

One hypothesis, which has been forward-
ed (13) for magnetic field-related cancer
development, is derived from physiologic
studies on the hormone melatonin.
Melatonin is excreted nightly from the
pineal gland, and its formation and secre-
tion are inhibited by periods of light or
magnetic field exposure. Melatonin is
oncostatic (/4 ) via inhibition of the mito-
genic activity of, e.g., estrogen, or by act-
ing directly by blocking cell proliferation
(15). Disturbances in the melatonin
rthythm appear also to affect the function
of the immune system (16 ). Pinealectomy
increases chemically induced melanomas
in Syrian hamsters (17) and mammary
tumors in the rat (14, 18). Injections of
melatonin into rats induced with DMBA
reduced tumor growth and incidence in
some studies (/8-21). Whether melatonin
plays a regulating role for the development
of other tumor types is not known.

Short, repeated exposures to 40-pT
magnetic fields inhibit the conversion of
serotonin to melatonin in the pineal gland
in the rat (22), probably by eddy currents
(23,24) induced by rapid alterations in the
instantaneous inversion of the horizontal
component of the geomagnetic field.
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Cell Experiments

A few studies have been made on the pos-
sible genotoxicity of magnetic fields on
cell systems (25), without finding muta-
tions in Salmenella (26,27 ), strand breaks
(28), or effects on DNA repair in human
fibroblasts in vitro (29). In some of these
studies there have been exposures to both
electric and magnetic fields, Pulsed mag-
netic fields in some pulse widcths, flux
densities, and frequencies, but not in oth-
ers, seem to increase the rate of DNA syn-
thesis (30) of V79 cells and human
fibroblasts (31) in vitro.

There seems to be general agreement
(25,32,33) among reviewers on the issue of
possible DNA injury related to magneric
field exposure that no such effects can be
ascribed to magnetic fields.

Studies with cellular systems using dif-
ferent exposure setups, exposure durations,
amplitudes, frequencies, and wave forms
indicate that biological effects of magnetic
fields on cellular systems are at hand
(34—44), which may be related to cell mul-
tiplication or even tumor promotion.

_ Exposing human leukemia cells

(45—47) or normal rar lymphocytes (48)

to electromagneric felds at various fre-
quericies increases the transcripts of c-myc
or histone. Transcriptional changes on the
RINA level have also been observed with
magnetic fleld in Drosophila and Sciara
salivary gland cells (49,50) and in
Sacharomyces of specific genes, genes
responsible for the production of heat
shock proteins (517).

In addition to effects on c-mye transcrip-
tion, the expression of c-fos, c-jun, and pro-
tein kinase C in a lymphoblastoid cell line
has been found to be altered by a magneric
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field exposure (52) of short duration and of
c-fos in a Hela subline by a static magnetic
field (53). Those genes are involved in the
regulation of cell growth, and a change in
the production of proteins resulting from a
changed expression of those genes may
influence the cellular proliferation in the tis-
sue. Should such cells already be initiated, a
tumor may result.

Effects on gene expression seem to
depend on frequency, field strength, and
exposure time (39,46 ). Thus the concept of
exposure ot dose “windows,” where biologi-
cal effects occur—like effects on calcium
metabolism (35,36,54), or increases in the
activity of certain enzymes (55) involved in
cell growth—has been forwarded.

It seems to be well established that elec-
tromagnetic fields induce changes in the cal-
cium metabolism of exposed cells. The cal-
cium efflux has been increased (37, 54-57)
in a2 number of studies; also, an increase in
cytosolic calcium from extracellular sources
in stimulated rat thymocytes exposed to 60-
Hz sinusoidal magnetic field (44) and 3-
Hz pulsed fields has been observed (58).

Magnetic fields from an MRI unit (59)

increase cytosolic calcium in human
leukemia cells. Calcium is involved, e.g., in
cellular processes (signal transduction) lead-
ing to mitogenesis; and the investigation of
the magnetic field interaction with the calci-
um balance may be of great importance for
the understanding of the molecular mecha-
nism of magnetic field effects on different
cell types. Transmembrane calcium signal-
ing events may also be of importance (57)
for the mediation of magnetic field effects
on cells of the immune system. The effect of
magnetic fields on calcium metabolism
seems to be optimized when the ratio of the

electromagnetic frequency to the DC field
intensity equals the charge-to-mass ratio
(eyclotrone resonance theory) of nonhydrac-
ed ions such as calcium, lithium, potassium,
and magnesium (60).

The cell growth-related enzyme
ornithine decarboxylase has been found to
be increased (61) in mammalian tumor
cells after exposure to electromagnetic
fields. This increase was optimized (62) in
mouse fibroblasts when the coherence of
the time-varying magnetic field was main-
tained for a certain minimum period.

Exposure of mouse embryo cells in
vitro to repeated 60-Hz electromagnetic
fields enhances the colony formation of
TPA-treated cells (63). This suggests thac
magnetic fields may act as a growth stimu-
lator via membrane-related events. Also,
studies using 72-Hz pulse trains and 15-Hz
recurrent bursts (64) on osteoblasts in
vitro indicate that magnetic fields affect
membrane recepror function as observed
by an inhibition of responses of cells to
parathyroid hormone.

Thus studies on a variety of cellular
systems, including mammalian and human
cells, seem to indicate that. biological
effects on the cellular and subcellular level
can be related to electromagnetic fields.
The effects studied have some relevance to
cell function and growth and, perhaps,
tumor promotion. The exposure parame-
ters are far from well characterized or uni-
form over the cellular systems studied.
Furthermore, the possible magnetic field-
related effects on cellular and subcellular
phenomena need to be demonstrated as to
their validity for whole animals (41) at
long-term exposure conditions that can be
related to human risk.
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Abstract.

Purpose: To assess increased exposure to airhorne pollutants near
power lines bv investigating theoretically and cxpe r1mmmlly the
behaviour of *“Rn decay product marker acrosols in the 50 Hz
eleerric field under power lines.

Muterials and methods: The behaviour of aerosels in outdoor air
including those carrying “*’Rn decay products was modelled
theoretically in the presence of an AC field. TASTRAK -
particle spectroscopy was used to characterize *'*Po and *'*Po
acrosols outdoors. Sampling points were chosen along a line at
right angles up to 200 m from a number of high voltage power
(transmission) lines. Each sampling point comprised an arrange-
ment of mutually orthogonal TASTRAK derccrors. Exposures
were carricd out at different power'line locations in various
weather conditions.

Results: The model predicts 2 two- to three-fold increase in
deposition of acrosols on spherical surfaces mimicking the human
head under high voltage power lines. Experimental measure-
ments using detectors mounted on qroundcd Il‘i(.[dl spheres
showed an cnh mc,Ld deposition of both *'"Po and *''Po aero-
sols. Enhanced *"’Po deposition on 4(]{)kV lines ranged from
1.96 4 0.15 to 2.86 + 0.32. Enhanced *"'Po deposition on 275 kV
and 132 kV lines were 1,43 £0.07 and L 11+ 0.21, respectively,
where the latter value was not significant.

Conclusions : The observations demonstrate a mode of increased
exposure to pollutant acrosols under high voltage power lines by
increased depoulmn on the body. The total (mdonr+ouldcnr)
#%py and *'"Po dose to the basal layer of facial skin is cstimated
to be increased by between 1.2 and 2.0 for 10% of time spent
outdoors under high veltage power lines.

1. Introduction

Epidemiological studies have demonstrated an
association between exposure to power frequency
electromagnetic fields (EMF) and increased incidence
of childhood leukaemia. The associations are strong-
est for exposures under high voltage power lines
(Ahlbom et al. 1993, Feychtng and Ahlbom 1993,
Olsen et 2l 1993, Verl\.dsalo et al. 1993, NRPB 1994,
NIEHS 1998). No causal mechanism to explain Lhcse
agsociations has yet been convincingly identified.
However, on the strength of the epidemiological
data, the US National Institute of Environmental
Sciences Working Group has recently stated that

*Author for correspondence.
H. H. Wills Physics Laboratory, University of Bristol, Tyndall
Avenue, Bristol BS8 ITL, UK.

clectric and magnetic fields like those surrounding
electric power lines should be regarded as a possible
human carcinogen (NIEHS 1998), and the full report
to the US Congress recommends that the power
industry continue its current US practice of siting
power lines to reduce exposures (NIEHS 1999),

The search for a causal mechanism by which
exposure to power frequency EMF may affect the
process of carcinogenesis has tended to concentrate
on direct effects from the magnetic field component.
T'he authors are, however, studying a number of
ways 1n which the electric, E-field component inter-
acts with airborne pollutant aerosols, each suggesting
a mechanism of increased exposure to these pollut-
ants under high voltage power lines. The relevance
of this approach is that both childhood and adult
leukaemia are known to be associated with traffic
density and its associated exhaust pollution (Savitz
and Feingold 1989, Lindquist e/ /. 1991, Robinson
1991, Nordlinder and Jarvholm 1997).

Henshaw et al. (1996) described two possible mech-
anisms of increased exposure to pollutants near power
frequency E-field sources. In indoor experiments
using =~ "Rn decay product marker aerosols, an excess
deposition of these aerosols on surfaces carrying a
power frequency clectric potential and an increased
concentration in air near the electric field source
were observed. ,

Excess deposition of “**Rn decay product marker
aerosols on surfaces mimicking the human head has
now been observed outdoors under 400, 275 and
132 kV high voltage overhead transmission lines (here
referred to as power lines). Results of these deposition
measurements are reported in this paper.

2. Materials and methods
2.1. Theoretical modelling

2.1.1. Theoretical analysis of atmospheric ** Rn decay prod-
uct aerosols in AC fields. The processes that govern the
production and loss of aerosols in outdoor air have
been summarized by Hinds (1982). Positive or nega-
tive ions present in the air act as nucleation sites,
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which attract polar molecules forming a cluster of
molecules 1-4nm in diameter. Such a molecular
cluster constitutes a so-called ultrafine aerosol. The
high diffusivity of these acrosols (4-9) x 107" m’s”
results in frequent collisions, leading to rapid growth
by coagulation up to ~ 0.1 um in size. The diffusivity
of these larger aerosols is around four orders of
magnitude lower: ~2x 10" :

The t"{perlmental measurements described below
employ “Rn decay product aerosols as markers of
general aerosol behaviour. The principle of this
marker is the different behaviour in air of the ultra-
fine and aerosol-attached ~ Rn decay products
(Porstendorfer 1984, 1994, Raes 1985). The attach-
ment rate in outdoor air of ultrafine particles to the
ambient aerosol is typlcallv in the range 30-100h"

The growth of 7 Rn decay product aerosols is
shown Schcmatlcally in ﬁgurc 1. A key feature is that
90% of recoil *'*Po from ** Rn is positively charged
allowing the rapid nucleation of an ultrafine acrosol
as described above (see Hopke 1989 and references
therein). A similar ~ *Pb recoil occurs following the
decay of ° *1%po, resulting in a 0.8 probability of
detachment from an attached aerosol (Mercer 1976).
This process, however, is not repeated for the sub-
sequent fi-decays due to the low recoil energy. Two
other features should be noted. As explained below,

the present authors are interested in dctecting the
clepogljtlon of thcse acrosols by recording o-emission
from *'*Po and *''Po using ¢-sensitive TASTRAK
plastic track detectors (based on poly allyl diglycol
carbonate plastic; supplied by Track Analysis Systems
Ltd, H. H. Willis Physlcs Labaratory, Briston, UK).
The mean lifetime of 2 "Po is 4. 4min, so that in the
absence of other loss mechanisms, the above rate of
aerosol dltdchmﬁ‘ﬂl suggests that between 14% and
48% of """ Po in air 1s in ultrafine form. The major-
ity (95--99%) of *®Po  deposition recorded on
TASTRAK detectors will be from ultrafine aerosols
due to their high diﬁ‘usivity Conversely, the com-
bmed lifetimes of the aerosols feeding the subsequent

Po decay is sufﬁcmntly large that essentially

all *"*Po decavs in air are in attached form. How-
ever, those Po deposition decays recorded on
TASTRAK result from earlier depositon, which may
be in either ultrafine or attached aerosol form.

The present work was aimed at measuring excess
deposition of aerosols under power lines, and in
modelling the expected increased deposition on spher-
ical surfaces, similar to that which occurs around the
human head. In AC fields the excess deposition occurs
by the oscillation, coupled with turbulent diffusion,
of charged acrosol particles along the E-field line
vectors. The drift velocity v (m s ') of a charged
aerosol in an E-field of strength £ (Vm™ 'y is given

by v=puk, where u 1s the particle mobility, typically
15% 107 'm’s™' V™' (Tyndall 1938).

Of crucial importance to the transport of *'"Po in
E-fields is the recoil charge neutralization time (nom-
inally ~ 13 in figure 1), This has been investigated
by several authors in laboratory measurements
(Hopke 1989, Shi and Hopke 1991, Howard and
Strange 1992). The published data, however, do not
readily extrapolate to conditions outdoors so that
there is uncertainty in the actual neutralization time.

Under high \uitd@;c power hnt:s the maximum
recommended E-field is 10kV m™ {ICNIRP 1998).
In practu,c such E-fields are usually in the range
1-6kVm™ . Because the human body is a good
conductor, thc field will be enhanced by a factor of
approximately 18 around the head.

{

2.1.2. Description of an agrosol transport model in AC fields.
Acrosol transport in the atmosphere and surface
deposition is maodelled uaing a one dimensional algo-
r:thm Figure 2 summarizes the transport pathways.

"Po is not shown because of its short half-life, Tt is
assumed to decay instantancously following the decay
of *"*Bi. The various constants are defined below.
The model divides the atmosphere into 2 cells vertie-
d].ly The first cell accommodates the source term for

*Rn, which emanates from the ground, and the
deposition onto the ground of the decay product
aerosols. The remaining cells are 1dentical with the
nth cell coupled to neighbouring cells by atmospheric
diffusion and the following quantities: (1) oscillation
in the AC field; (2) the drift in the Earth’s natural
DC field; (3) gravitational scttling; and (4) the depos-
ition under the action of the mirror charge cloese to
a surface. The aerosol-attached particles are assumed
to have a Boltzmann charge distribution. Typically,
100 cells are used, the sizes of which i ncrease expo-
nentially from an initial size of 10”"m in the first
cell. The model treats radioactive decay and includes
the aerosol attachment rates.

The pathways within a given cell can be described
by a series of stcaéy state equations, which can be
solved F01 the actw1t¥ concentration of the surface
dcposned "Po and *'"Po acrosols. These measurable
quantities allow the model to be tested experiment-
ally. The following are employed as standard values:

-1

Arn = Rn decay constant=2.111 X 10

Avg = Po decay constant=3,787 %10 s
Aoy = Pb decay constant=4%.31 X ]O— s 2
Jsi =""*Bi decay constant=5.86 x10" "5~

Aa = attachment rate of ultrafine amosols to
larger aerosals=0.0Is"" for a 200nm
aerosol at a nominal aerosol density of

7000 cm (Porstcndorfer 1994)
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1) (48] Neutral 2Rn atom

2) o-particle emitted

+ f newly formed 2184 jon recoils.

3) ~10"%5 - @ Attracts cluster of molecules
resulting in ultrafine aerosol
1-4nm diameter.

4 ~ls © Loss of initial positive charge,
subsequently in equilibrium, may
have +ve, -veor zero charge.

Attachment fo larger aerosol ~0.1 pm

o~decay of 218pyg,

2Uph recoil ion detaches from aerosol

- repeat from step 3 - =

6)

Subsequent B-decays of 214Pb and 214Bi have
insufficient recoil energy for aerosol detachment.
o-decay of 2'4Po yields 210Pb, considered stable

on the time-scale of short-lived 22Rn decay products.

(a)

o (5.5MeV)
= 5.51 days

(b)

Figure |, {a) Growth of ***Rn decay product aerosols; (b) ***Rn short-lived radionuclide decay chain,
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Figure 2, S(chmauc outline of the pathways used to model the

behaviour of ©

R decay product acrosols in the atmo-

sphere. The particle drift is made up of conwibutions
from gravity, the Earth’s natural DC field and the
AC field.

A =rate constant for ueutrdhzamon of the
charged ultrafine ions=2s E
Koug=T1e- suspenblon source term (in Bgqm™ Y7 })
of *Pb from decay and recoil of deposited
PO, }nto 50 um air layer (Jacobi 1972).
These = Pb recoil particles are distributed
uniformly with distance over the cells that
are within the recoﬂ range.
o = recoil fraction of * "Po in air=0.8 (Mercer
1976)
mp = recoll [ra(,tzon of *
plated-out “P6=05
Earth’s DC field= 100V m"~
Gravity is assumed active unless otherwise stated.

"Po following decay of

The general transport equation for species j in

spherical geometry with distance r and time ¢ is
given by:

aGj(r, t i 8 ¢
——’”—)w—f-[(mﬂﬂ)m)) Sl
ar

ot r
= Wil t) G U)Tﬁ:l

—}._,'Cj(?‘, U+Sflf7} t) (1)

where G is the concentration of species j, and 5 is
a species-dependent additional term representing the
pathways shown in figure 2 as follows:

S =0 (222
Sofr, t)=ACi(r. t)= (Aen F+A)Ca fr, t) )
(charged ultrafine .
Ss(r b= Ak Cafr,t)— AaCafr t)
(neutral ultrafine =
Si(r, £)=AafCa(r, t)+Csfr, )]
(acrosol-attached *'"Po atoms)
Ss(r, t)= AaCafr, t) A3 Cs fr, f= (At ‘{‘/-f.a)Cﬁ (r, t)
4 Ay g G, 1) ~Xaus
(ch'lrged ultrafine *
e, L= Al 1)= 2 G, t)
(neutral ultr afine *''Pb atoms)
$7(1, £)=Aa[Cs (1, £)F Cs i, )]+ Aa (1= 1 )Cafr, t)
(aerosol-attached Py atoms)
Sufr; t)=AfCsfr, ) +Cofr, #)] + A (1~ rm)h(r, t)
(charged ultrafine *""Bi ions)
Sulr; t) = A fCs oy 6) T 0G0 L) tA5= r,,)C;{:r 2

Rn atoms)
*Po ions)

Po atoms)

“Ph ions)

(neutral ultrafine *'*Bi 1ons)
ool B) =9 (Ca i, E) e ElF-E = .;2(34 {r, i)
(acrosol-attached * 'Bi atoms)

V; =drift velocity of species j due to E-fields and
gravity

nj =number of charges on speciesj particles

A1 = atmospheric diffusion constant

K> = diffusion constant near deposition surface

The Brownian diffusion and the particle drift velocity
are as follows:

kT
Djs=1t— @

mg i ;
Vi=—n-i-| — tEoc T2 Eems(r) sin(2mw50t)
-4
(3)

where ¢ is the electronic charge, £ the Boltzmann’s

constant and T the absolute temperature. In a 50 Hz
E-field, the aerosol will oscillate with a peak-to-peak

amphtude of "_,uErmn)/p()ﬁ) £Z(r) has the variation

with distance Er)= Fo/r", and gravity is assumed to

be invariant with distance. At the boundary where

«) 9
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r= D C, will fall to zero. The aerosol-attached *'*Po
and *"'Po are assumed to have a Boltzmann distribu-
tion of charge, which has been found to be a good
empirical description of the charge state for particles
of 200nm diameter being modc]]c‘d here (Hinds
1982). It is possible that the attached *'*Pb and *'*Bi
might have an excess positive charge from the earlier
radioactive decays (Clement and Harrison 1992),
Any initial excess charge will tend to increase the
enhanced (E-field) deposition. However, the model
does not allow for this because we consider that
neutralization by ambient air ions will generally be
fast enough to ensure that the charge distributions
are close to the Boltzmann distribution. Because each
charge state will drift differently in E-fields, equations
for Cs, G and Clo are themselves subdivided into
five components, representing the five most probable
charge states. Each component is treated scparatcly
for diffusion and drift and then rccombm{‘d to gwc
the total concentration of attached *''Po and °
This system of linked equations is written in a flnltﬁ
difference form and solved sequentially by the
Crank-Nicholson algorithm.

The mobihty o[ ultrafine aerosols is taken as
1.5x107'm°V™'s™" the average of reported
values. The aLL«u‘hed aerosols have an assumed
dnmctcr of 900 nm, leading to a mobility of
8.3x10 " m° V™ 's I, using the data of Cheng ef al.
(1992). The ca].culati.on can use cither an exact
treatment for particle motion where all the charged
particles oscillate with the AC phase, or the dividing
surface approximation similar to that used by Mayya
and Sapra (1997). The latter is used (e.g. for indoor
simulation) where it is a good approximation. For
outdoor conditions of high deposition velocity (and
short turbulence time scales compared with the AC
period), this approximation is poor and the exact
method 1s used instead.

2.1.3. Model parameters. The calculation is run in two
stages. The first sets up the vertical concentration
profile of the particles, by including transport to the
open atmosphere. The second estimates the depos-
ition on the test surface (here a 20 cm diameter
sphere represents the human head) at a specified
height by using the calculated profile from the first
stage and letting turbulent diffusion transport these
particles to the surface. This allows a perturbed E-
field deposition to be calculated, which will locally
affect deposition but will not change the overall
atmospheric profile.

The first stage simply seeds the main calculation
with appropriate particle concentrations giving reas-
onable values of F and f (radon decay product
equilibrium fraction and ultrafine fraction), by using

a simple form for the turbulent diffusion away from
the ground, D7 = Kir. This linear form is similar to
that used by Porstendorfer (1994) and Jacobi and
André (1963), and can represent a form of flow-
induced turbulence studied by Sehmel (1973). Values
of the constant & between 10™° and 1 were tested
to represent different weather conditions, but were
found to have a negligible effect on the deposition,
which was determined as discussed below by the
form of turbulent diffusion close to the test surface.
In other words, uncertainty in atmospheric transport
has little effect on deposition close to the ground,
and only the diffusion coefficient close to the ground
15, relevant, Note that this is almost irrelevant for

“Po deposition because this is determined almost
totally from the ultrafine particle deposition,

Deposition close to the test surface was modelled
using different forms of D7, in order to overcome
the unccrtamty of which form to use. T'hus, the form
Dr=Kir" was used, with n=1.5, 2.0 and 3.0. The
quadratic form is the same as that used by Crump
and Seinfeld (1981) and Mayya and Sapra (1997).
This form enables the simulation to reproduce the
experimental obser}v(mon by Porstendorfer (1994)
that the ultrafine “"Rn decay product aerosols have
a deposition velocity ~ 100 times that of an attached
aerosol. The values of the constant £ completely
determine the deposition velocity, and were set to
give a nominal ultrafine deposition velocity of
0.0lms™" outdoors

For the *'*Po charge neutralization time, the pub-
lished data indicate that while a value around 1s is
reasonable, at low **Rn concentrations in outcdoor
conditions it could rise to tens of seconds.
Alternatively, in wet conditions the value could fall
below 1. In the diffusion model, the time has been
varied between 0.02 and 205 (0.05< Aa<< 50).

2.2. Experimental methods

2.2.1. Principles of o-particle track detection in TASTRAK
plastic. The development of TASTRAK plastic for a-
particle detection and spectroscopy has been
described in a number of previous publications (Fews
1992a,b, Henshaw et al. 1994, 1995, 1996).

In the present application, TASTRAK, typically
7Xb5cm, is held in air, s=1r1'1p11n¢gr two categories of
aerosol. As described above, ~ Rn decay product
aerosols on production undergo diffusive dispersion
in room air. If during their lifetime they come into
contact with a surface, they may
process commonly known as ‘plateout’ but referred
to in this paper as (suzface) deposition. A proportion of
*Rn decay product aerosols will therefore deposit

0 |90
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on the TASTRAK surface. On radioactive decay,
these aerosols emit ot-pamclcs of the characterlsuc
energy of the decay products “Po and *"'Po. Those
a-emissions in the direction of the plastic will be
recorded at their characteristic full energy of respect-
ively 6.0 and 7.7 MeV and ranges in TASTRAK of
40.2 dnd 60 5 pm.

The *®Po and *"'Po a-particles have respective
ranges in anq of 5.1 and 7.6 cm. Therefore, a propor-
tion of the ** Rn decay product aemsols in the air
in front of the detector as well as **'Rn itself may
also be recorded if their s-emnissions occur both
within range and in the direction of the detector
surface. (Note that TASTRAK is not sensitive o the
p- partlcles emitted from the deca.y products e
and “'"Bi, so that the detection of the extremely
short half-life *'Po is a signature of these preceding
B-emitting decay products.)

In the present work, cone-like etch tracks were
revealed by etching in 6.25M NaOH at 75°C for
4.5h. The detectors were analysed using an image
analysis system in which up to 14 parameters of the
shape and size of each recorded a-particle track are
measured (Fews 1992a, b). These measurements,
combined with track geometry data from calibration
exposures, enable the «-particle energies to be dir-
ectly determined.

Figure 3 illustrates how recorded track size varies
with ¢-particle energy and angle of incidence, The
projected track length (the major axis of the ctch
track opening mouth on steep tracks, and the track
length in projection on shallow tracks) is plotted
against the minor axis diameter. The data fall within
an envelope characteristic of the o-particle track
response for the etch conditions cmployed Band‘s
are seen which originate from o-emissions from *"Po
and ““Po dcpo%ted on the plastic surface. These
arise from the deposited a-radionuclides observed at
constant energy over a range of incident angles.
Airborne emission will give a variation of both energy
and angle, and discrete bands would not be observed.
Therefore, a separate measurement of both the
deposited and airborne components is made from
the same TASTRAK detector.

2.2.2. Detection of R decay product aerosols outdoors.
Use of TASTRAK outdoors requires comparatively
long exposure periods to acquire enough counting
statistics, although exposures of several days have the
advantage of integrating over short-term variations
in aerosol concentration. In practice TASTRAK
exposed outdoors suffers solar UV damage which
limits its exposure period to around 6 days. Under
these conditions typical count densities range from a

Airborne
8po plateout  **Po plateout  activity
20 -
218pg plateout Region of

=
ar

airborne activity

P14pg plateout=4

Minor axis diameter pm
=3
o o
T I

0 L I L) ! ! I |
0 5 10 15 20 25 30 35 40

Projected track length pm

Figure 3. Phowmontdqc of ctched tracks and scatter plot of
track r‘mnm axis versus projected length, showmg "Po
and *""Po platcout and the region of airborne activity.

few hundred tracks per cm’ from deposited activity,
to <30 per cm’ from the air activity.

Qutdoor exposures often result in solid particles
landing on the TASTRAK surface. These can intro-
duce microscopic scratches onto the detector surface
which when etched grow into defects that can mimic
real etch tracks. Such defects are recognized as an
extra-Poissonian number of closely sepamtf:d tracks,
taking account of genuine close o'-cm1ss1ons that may
be recorded from sequential decays of “*Po and

“Po on the detector surface, Details of this proced-
ure will be described in another publication.

2.2.3. Layout of detectors under power lines. Measurements
were made at several locations under high voltage
transmission lines in south Gloucestershire, UK:
(1) 400 kV at OSGB map reference 672830; (2) and
(3) 400 kV at two separate locations at OSGB 774775;

@\]”\0
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(4) 400kV at OSGB 644838; (5) 275kV at OSGB
666868; and (6) 132kV at OSGB 713854.

Two configurations of TASTRAK detectors were
employed. One configuration used detectors placed
at 30 sampling points | m above the ground at right
angles to the line. Each sampling point comprised
five detectors (the ‘pizza box’ assembly) mounted on
a varnished wooden stake (figure 4a). Three detectors
were mounted orthogonally, in the horizontal plane
and in parallel and perpendicular planes with respect
to the power line; two further detectors were mounted
horizontally, looking respectively upwards and down-
wards. The downwards-facing detlector was mounted
in the bottom of an inverted plastic pizza box, to
protect it from rainfall. In all, including controls, 180
detectors were employed.

This configuration enables the deposition of acro-
sols to be studied in various directions with respect

(a) =

Figure4. Configuraton of TASTRAK detectors under power
lines: (a) a perspective view of the pizza box assembly
and (b} a scctional view of the sphere assembly showing
cquipotential contours.

to the power line E-field vector, but suffers a difficulty
in that the field distortion around each detecting
clement is uncertain due to uncertainties in the
moisture content of the stake. The E-field distortions
around the stake are always uncertain and are likely
to be substantial when the stakes are wet. For this
reason, and the fact that the detectors are not in the
highest field-enhanced region but a few centimetres
away from it, the ‘pizza box’ results are considered
to be difficult to interpret.

Therefore another configuration was also em-
ployed using a grounded 20cm diameter metal
sphere which created a field perturbation similar to
that expected around the human head. Apart from
underneath the sphere, field lines would terminate
on the sphere at right angles (figure 4h). The sphere
was mounted Im above the ground with five
TASTRAK detectors attached: one horizontally on
the top surface and the remainder vertically in north,
east, south and west-facing directions. Spheres were
placed in the high-field region under the power line
d!ld in the low-field region about 100 m away.

Table 1 summarizes the exposures carried out.
Weather conditions throughout were recorded.
Aerosol concentrations were not measured contem-
poraneously but background monitoring using a T'SI-
3010 condensation particle counter found a diurnal
variation in the range > 7000 to < 70000 em™’. A
typical mean value was 16 000 em ™

After each exposure the TASTRAK detectors were
processed and measurements were carried out by
automated image analysis as described in §2.2.1.
These were blind in the sense that the person carrying
out the image analysis and subsequent data pro-
ce%mg had no knowledge of the position of each

TASTRAK detector with respect to the power line.

2.2.4. Calibration. The raw track densities are meas-
ured in counts per cm . For a given exposure time
they can be expressed in Bqm ™~ of recorded tracks.
The detection efficiency for the deposited activity is
calculated using the known track response of
TASTRAK, by calculating a cut-of_’f allolc Typical
detection efficiencies are 0.268 for Po deposition
and 0.209 for *'*Po depositions. .
The airborne activity concentration in qu_j 18
calibrated by 311’1’1‘.!1211.11’12; emission as a function of
height above the TASTRAK surface {the activity
concentration is assumed to be unifo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>