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Hidden Dangers of Electromagnetic Radiation from

Communication Towers, Power Lines and Cellphones
Commissioned by Ralph Ross, Chairman, and Terry Wilkinson, Committee, Member of
Christchurch Combined Residents Assn.

The frogs stopped
croaking
dead fish lay
floating
no more ladybirds
on the grass
damn and blast the
microwave mast
platelets lessening
heart pump quaking
technological advancement
human contaminant
radiated toys for boys
in my head the
high pitched noise
this land I carved with
flowers of joy
is this the kiwi
money curse
must some dear souls
drop dead first
will I see Val’s
auricula
Burnt Butterscotch
bloom by fall
do human beings
count at all?
by Jenny Barrer

(Who lives 100 metres from the microwave tower)

By Penny Hargreaves
& Denise Ward

Recommendations by
Dr Neil Cherry

Health Database Contact
Diana Pennell

http://canterbury.cyberplace.co.nz/ouruhia/ Email dp.emr@hotmail.com
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For determining compliance,
exposure is averaged over the
approximate projected area of the
body.

Power decreases as the distance
from the antenna increases.
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HAEKTPOMAINHTIKH AKTINOBOAIA
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The Electromagnetic Spectrum -1
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Nopog tou Plank  E =h.v=nhf

Plank’s constant h = 6.626196.10>* Joule.sec=
4.1357. 10 eV/Hz

Pwtdvio Mikpokupdtwy Eotw f = 10 GHz,

>

E =41.357.10° eV = 0.000041357 eV.
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Safety Levels for Radiofrequency Energy

What levels of radiofrequency (RF) energy are considered safe?

Countries set their own national standards for exposure to electromagnetic
fields.

The majority of these national standards draw on the guidelines set by the
International Commission on Non-lonizing Radiation Protection
(ICNIRP).

ICNIRP is a non-governmental organization that evaluates scientific
results from all over the world and is formally recognised by the World
Health Organisation (WHO).

Europe uses guidelines developed by the International Commission on
Non-lonizing Radiation Protection (ICNIRP).

Currently, the World Health Organization is working on a framework for
international harmonization of RF safety standards.

ICNIRP has identified a whole-body Specific Absorption Rate (SAR)
value of 4 watts per kilogram (4 W/kg) as a threshold level of
exposure after which harmful biological effects may occur.

SAR = (o/p).E?
e O = electrical conductivity of the tissue;
e p =tissue density;
e E = effective electric field strength in V/m.

In addition, guidelines vary depending on the frequency of the RF
exposure.

This is due to the finding that whole-body human absorption of RF energy
varies with the frequency of the RF signal.

The most restrictive limits on whole-body exposure are in the frequency
range of 30-300 MHz where the human body absorbs RF energy most
efficiently.

ICNIRP Limit: This is a guideline for the maximum permitted power density
of nonionizing radiation for public exposure.

The guideline is frequency dependent and is currently defined as:

Frequency ICNIRP Limit

Less than 400MHz 2Wim?*

ADOMHz to 26Hz if £ 2000Wm?, where f is frequency in MHz
2GHz to 300GHz 10 Wim?

-1/ -
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Potential new risk ffom mobile phones |

Scientists have discovered that exposing human endothelial cells - which
line the minute blood vessels in the brain - to mobile phone radiation can
damage the blood-brain barrier, a vital safety barrier that stops harmful

substances in the blood from anterlng the brain

*> Radiation: Mobile
phones generate

e P
9\ S

Damage: Endothelial cells
siressed aller 1 hour's exposure
10 mobile phone radiation Emit
{2 wats/kg of tissue)

Walls composed of only
onolayorofvocywn :

s trigger
changostoprotolnsmmmlnondomelhl
cells, allowing toxins to enter brain

- Source: Fnah Radation and Nuclkear Saloty Authory 2 GRAPHIC NEWS
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CELL PHONES EXPOSE BRAIN CELLS TO BLOODSTREAM POSIONS
A study by Finish scientist Darius Leszczynski published in the journal Differentiation
shows that several hundred chemicals operating in a certain type of human brain cells could
be altered by the weak microwaves broadcast by mobile phones.

The blood-brain barrier normally keeps toxins and microorganisms circulating in the
blood out of the brain. But Prof Leszczynski found that at the legal limit for mobile
radiation, a blood-brain barrier protein named HSP 27 became ineffectual in keeping
blood poisons out of brain cells. [The Guardian June20/02]

Proteins found in the blood can, if they get to the brain, cause autoimmune diseases such as
Fibromyalgia and Multiple Sclerosis. Damaged nerve cells could also lead to dementia,
premature aging, and Parkinson's disease. Brain cells inflamed by cell phone conversations
are also indirectly be linked to Alzheimer's disease.

In addition to these potential personal disasters, medication that under normal circumstances
wouldn't be able to penetrate the blood-brain-barrier could do so and cause damage. [British
Library Net Sept14/03]

- HIFFOZAMFLU=E
CEREEBFRLM i - > h“h_
S hrh T e A

NORMAL RAT BRAIN HYPOTHALAMUS

FEOTEIM LEAKASGE FROM ELOOD VDESSELE

RAT BRAIM AFTER CELLPHONME EXPOSURE

E.M/K-AIN.O.
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Lumen of blood vessal

Astrocyte Pericyte

Basement membrane Endothelial cell

MNeuron Tight junction

Blocd
@ Monocyte @
Lymphocyts . Meutrophil
E— Tight junction
Blood-brain — Endothelial cell
barrier
— Basement
membrane
) Cﬁm
Brain Microglia

The blood-brain barrier (BBB)
Expert Reviews in Molecular Medicine © 2003 Cambridge University Press

The blood-brain barrier (BBB). The BBB is created by the tight apposition of
endothelial cells lining blood vessels in the brain, forming a barrier between the
circulation and the brain parenchyma (e.g. astrocytes, microglia). Blood-borne immune
cells such as lymphocytes, monocytes and neutrophils cannot penetrate this barrier. A
thin basement membrane, comprising lamin, fibronectin and other proteins, surrounds the
endothelial cells and associated pericytes, and provides both mechanical support and a
barrier function. Thus, the BBB is crucial for preventing infiltration of pathogens and
restricting antibody-mediated immune responses in the central nervous system, as well as
for preventing disorganisation of the fragile neural network. This, together with a
generally muted immune environment within the brain itself, protects the fragile neuronal
network from the risk of damage that could ensue from a full-blown immune response.
On rare occasions, pathogens (e.g. viruses, fungi and prions) and autoreactive T cells
breach the endothelial barrier and enter the brain. A local innate immune response is
mounted in order to limit the infectious challenge, and pathogens are destroyed and cell
debris is removed, a vital process that must precede tissue repair

E.M/K-AIN.O.
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Blood-brain barrier
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OPIA EKOEXHX
EYPQMAIKH NOMOOEZIA

e 200TOON TOU ZUMBouUAiou Tng Eupwtraikig ‘Evwong L 199
(1999/519/EC), 30-7-19909.
«Iepi TOU TTEPIOPIOUOU TNG EKOEONG TOU KOIVOU O€
nAekTpopayvnTika redia (0Hz — 300GHz)»

EAAHNIKH NOMOOEZIA

* Koivil Amrégaon utr’ api. 53571/3839
Twv YTroupywv Avamruéng, Y.MNE.XQ.A.E., Yyeiag kai NMpovoiag, Metagopwv
kal Emikoivwviwy (PEK 1105/B/6-9-2000) pe Bpa

«Métpa TTpo@UAAENG TOU KOIVOU aTré Tn AEITOUPYia KEPAIWV
EYKATEOTNMEVWY OTN ENPa»
ME TNV oTroia eicdyovtal oTnv EAANvIkr NopoBeaia
e Ta Opla TNG EupwTraikng ‘Evwong yia Tnv €KBeon Tou KoIvou O€
NAEKTPOPAYVNTIKI AKTIVOBOAiQ Kal
e OpifovTal uNXAVIOMOi EAEYXOU YIa TA ETTITTEDA TNG NAEKTPOPAYVNTIKNG
OKTIVOBOAIOG TTOU EKTTEUTTETAI ATTO TOUG OTABPOUC KEPAIWY OAWV TwV
EI0WV.

* Néuog 3431 (PEK 13/A/3-2-2006)
«Mepi HAekTpOVIKWYV ETTIKOIVWVIWYV Kal GAAEG S1ATAEIGY,
apBpo 31
«PuUBUiOEIG OXETIKA PE TNV EYKATACTAON KEPAIWVY,
2Up@wWVa Je To apBpo ta EAANVIKG 6pia yia Tnv £€kBeon Tou Kolvou
TiBevTal oTO:

e 70% TWV opiwv TNG EupwTraikAc ‘Evwong yia Toug otabuoug
KEPAIWYV TTOU BpiokovTal o€ ammdéoTaon peyaAutepn Twyv 300
METPWYV ATTO TNV TTEPINETPO TWV KTIPIOKWY EYKOTAOTACEWV
OXOAEiwv, BPePOVNTTIOKWY OTOBPWY, VOOOKOMEIWV Kal
YNPOKOUEIWY Kal OTO

60% Twv opiwv TNG EupwTtraikns ‘Evwong yia Toug otaduoug
KEPAIWV TTOU BpiokovTal o€ atréooTacn MIKpoTepn Twv 300 pETpwy
ATTO TIG EYKATAOTAOEIG AUTEG.

E.M/K-AMO.
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ICNIRP

Aigdvig EmTpotA yia Tnv MNMpootacia atrd 1ig Mn loviouoeg
AKTIVOBOAigg
International Commission on Non lonizing Radiation Protection

ICNIRP
Etrionua avayvwpliopévn, un KuBepvnTtikg opydvwaon ato:

e TNV MNaykdéouia Opydavwon Yyeiag,

e 1O AIEBVEG pageio Epyacoiag Kail

e TNV Eupwtraikn ‘Evwon.
Exel wg PEAN dIEBVWG avayvWPIOPEVOUG ETTIOTAMOVEG TTOU KOAUTITOUV TIG
ETTIOTNMOVIKEG TTEPIOXEG TNG IATPIKNG,TNG PloAoyiag, TG €mdnuIoAoyiag, TNG
(QPUOIKNAG KAl TNG MNXAVIKAG.

NMwg TTpoékuyav Ta 6pia TnG ICNIRP;
H ICNIRP,

e EZETOOE TO OUVOAO TWV ONUOCIEUPEVWV EPEUVIIV OXETIKA UE TIG
BIOAOYIKEG €TTIOPACEIG TNG NAEKTPOUAYVNTIKAG AKTIVOBOAIAG
PAdIOCUXVOTATWY,

o KaTtéAnge OTI 01 pOveG €MOPACEIG TTOU Ba PTTOPOUCAV VA
XPNOIUOTTOINBoUV WG BAoN yia TNV BECTTION Opiwv £€KBEONG TwWV
avOPWTTWV Eival AUTEG TTOU OQEIAOVTAI OTNV aUugnon TnNG BepuoKpaciag
TWV I0TWV ATTO TNV ATTopPOPNOoN TNG NAEKTPOMAYVNTIKNG EVEPYEIAG ATTO
TO CWWA.

e OcewpnBnKe OTI 01 BUCPEVEIC BIOAOYIKES ETTIOPACEIC TTPOKUTITOUV UE TNV
algnon NS BepuoKpaaciag Tou cwuatog Kata 1°C.

1. H au¢non auth yivetal Je TNV attoppod@non EVEPYEIQS aTTO TO AvOPWTTIVO
OWMA JE PUBUO peyaAuTEPO aTTO 4W/KQ.

2. AnAadn, yia évav avBpwTtro 80kg pe pubuo 320W.

AaupavovTtag uttoywn ot

1. Evdexopévwg KATTOIEG OAdESG TTANBUCOU va €ival TTIo eUTTABEIC Kal OTI

2. Agv atrokAgieTal n €kBeon va Aaupavel xwpa o€ (0N eTRapnPEVOUg
XWPOUG JE augnuévn Beppokpaacia | uypaaia r Kata Tnv dIGpPKEI
évrovng AoKnong,

eréAegav Evav ouvTeAeoTh ao@algiag 50
oTn B€0TTION TWV OpiWV €KBEONG TOU KOIVOU.
‘ETOI1, TTPOEKUYE
0 BACIKOG TTEPIOPICHUOG Yia TV £€KOeon Tou Koilvou o€ 0,08W/kg,
onAadn vyia €évav avBpwtro 80kg TO Opl0 TOU pPUBPOU aTTOPPOPNONG
NAEKTPOPAYVNTIKAG aKTIVOBOAIaG gival 6,4W.,

E.M/K-AIN.O.
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ICNIRP

MNa va gnvuttdpyouV TTEPIOXEC TOU CWHATOG OTIG OTTOIEG VA EU@AVICETAI TOTTIKA
uWnAR atToppdnon evépyelag TTPORAETTOVTAI Ol
Meplopiopoi Kal yia TOV HEYIOTO TOTTIKO puBuO atroppdPnong
1. og 2W/kg yi1a TO KEQAAI KAl TOV KOPHO Kal
2. 0g 4W/Kg oTa AKPO TOU CWHATOG.

2.€ TTaPOPOIa CUPTTEPACHUATA KOl OpIa YIa TNV €KBEON OTNV NAEKTPOMAYVNTIKNA
OKTIVOBOAia €xouv KaTaANEel Kal AAAOI DIEBVEIC ETTIOTNOVIKOI POPEIC, OTTWG
e To IEEE (Institute of Electrical and Electronic Engineers —
10pupa HAekTpoAOywv Kal HAeKTpovIKwY Mnxavikwy),
e 10 NRPB (National Radiological Protection Board —
EBvikS 2ZupBouAio PadioAoyikig MNpooTaciag) Tng MeydAng
Bpetaviag.

Mivakag. Baoikoi repiopiopoi TnG ZuoTtaong NG Eupwtraikng ‘Evwong

yIQ TNV ATTOPPOPOUNEVN EVEPYEIQ OTO CWHA EVOG AVEPWITTOU TTOU
KATATAOOETAI OTO YEVIKO KOIVO.

EAMnvika opra’

Pumxo Méyeboce 70% opiwv | 60% opiwv
EE (Wkg) | EE (Wkg)

Méooc puBudc exikne amoppognonc
(SAR) oAdxAnpou tou cwpatog 0,08 0,066 0,048

Tomrog pubpoc exbikig anoppognone
(SAR) oto kegdh ko oTov Kopud

2 14 12

Tomrog pubpoc eidikiie amoppogpnone 4 28 94
(SAR) oto axpa - -

1. Evo memifdMov otobucv kepomoy

1. H ICNIRP eival yia péviun €mMTPOTIA TTOU TTAPOKOAOUBEI CUVEXEID TIG
€CENICEIC OXETIKA PE TIG EMOPACEIS TNG NAEKTPOUAYVNTIKAG AKTIVOBOAIOG
oTov AvBpwTro.

2. Ta o6pia autd 1oxuouv OTav n €KBeon OTNV  NAEKTPOMUAYVNTIKNA
OKTIVOBOAIa €ival CUVEXNG KAl JOVIMN.

3. O1 TINEG TV OPIWV aVaPEPOVTAl WG XPOVIKOG HECOG OPOC OTTOIOUDNTTOTE
eCOANETTTOU €KBEONC.

E.M/K-AIN.O.
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Basic restrictions and reference levels

Basic restrictions

» In many documents, the basic limits (“basic restrictions”) are expressed in quantities
such as the specific absorption rates (SAR),

* since these are intended to be closely related to the biological impact.
Xvotoon ZvppovAiov Evponng, 1999/519/EK
("Opio. y10. T0 yeviko winBoouo)

Baowoi neplopropoi yia nAextpud, paywmikd xai nhextpopayvmixd media
(0 Hz — 300 GHz)

Nuevorma Muvorpa | MO0 TOXVTTT Tmnngfﬁm Tome) rexoons
Ziwm it i abung ; adixng nmu
ovpvoTraY P (m*) “&Ww <m xa °“m"‘ m,)s
/ (W!kg)
0 Hz 40 — — — = L
»0-1 Hz - 8 — - - -—
I-4 Hz —_ 8/f i - - =
4.1 000 Hz - 2 — —_ — —
1 000 Hz-100 kHz - f/500 - - - .
100 kHz-10 MHz — f/500 0,08 2 4 —
10 MHz-10 GH:z - - 0,08 2 ) —
10-300 GHz - — - — - 10
4
Lypawonc

1. f ava n ouyvotmie o Hz.

2 Omnpommmm@m«mmmwmncmmwu&axmm
10TOUG TOU XEVIPIXOU VEUPIXOU OUCTIILATOC TG KIQAAC Xai TOU XOPRoU TOU OGRaTol xOi oumepdya évav mapdyovia
aogaknac. Or faowoi mepopopoi yia va media ELF faoilovion ong Swomotwpivec Suopeveic orortecnc mou épouv oo
xevipd veupikd ovotnpa. Or ofrieg autic emrtaong tivar oxedov axapaiee, xa Sev undpyouv emotpovc evdakng nou
va ouvyopolv unip aAlaync twv Baocwew mepopiopwy ya T fpaxuxpova éxdeor. Ennbdi opec autol avapépoviar ox
Suoyeveic EmUTTOORG 010 KEVIPIXG VEUPIKO OUOTN|A, O OUYKEXPHEVOS BaOOC MEPIOPIoNOS Popel va emrtpena tm peyaire-
PEC TUXWOTITES PEUMATOS 0F AAOUG 10TOUG TOU OwpaTos umd g idueg auwdmieg éxdeor.

3. Adye TC NAXIPIKAC GVOROIOYIVEIGS TOU OOUATOC, 01 MURVOTITES paiparoc mpénn va exgpdlovia wg pioog Opog o
Suxvoprs epfabdol 1 cm’ xédemc mpoc ™ Swiduvon tou peupatos

7. H 1omxq SAR vmohoyiloim we pioog dpoc em palac 10 g mapaxepivey wiwv. H peyakitepn SAR mou npoximm xav
autdv Tov Tpdmo mpéna va anoteAel Ty TwA mov ypnowonowttar yia v extipnen 6 Exdeons. Ta ev hoyw 10 g wmod
UMOVOOUV QUVEYOPEVT Bala WToU pe oxEdav opowyeve, nhactpu Wblmres. Avayvwpilerar dm N Ewola G ouveouomg
}mﬂncmwmlpnmpqwtwcﬁompnpmmmolmmomﬂlﬁmmmu{u&mmmmmﬂmmnm
petpnonc. Fmpémetar va Yprowionowivim oAl yEwprtpod oyrjpara, my. wufud pipn wtdv, apee o
booprpiig mocomIEg va Eyouv cuvinpOkic Ty OF oyfon pE Ti¢ xatewluvvinpuc ypapuis ya Ta emineba ixBeong

E.M/K-AMO.
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Reference levels

» In order to simplify compliance testing, these biologically effective
guantities are converted into external field levels and power densities
(“reference levels”),

= These are based on dosimetry and worst case situations.

» Thus, compliance with these reference levels ensures that also the basic restrictions
are complied with.

» Failure to comply with the reference levels, on the other hand, does not necessarily
mean that the basic restrictions are not complied with - this must then be investigated.

» Having in mind the distances involved (compare figure 6), only reference levels will be
discussed here.

» In some documents (e.g. from lItaly), limits are only expressed in external field levels.

Eminzda avaopdc yia nhextpwd, payvmxd xat pArxrpopayvimxd mrdia
(0 Hz — 300 GHz, oradepic Tipic rms)

Eviaon RArcTpovicou Eviaon payvmneos | Muvora payvmioy podx [leobivaun muevorma woyioc
Zuvn ovyvoTiiay nediou-E rebiou-H nebiov-B ommtdou eupaTog
(Vim) (Afm) ("] 5., (W[m?

0-1 Hz — 3,2 x 10¢ 4 x 10¢ —
1-8 Hz 10 000 3,2 x 104f 4 x 104 -
8-25 Hz 10 000 4000Jf 5 000/f -

O HzZ ;00() P 100
0.025-0.8 kHz 50/f 3 S/f —
0,8-3 kHz 250/f 6,25 —
3-150 kHz 87 b} 6.25 —
0,15-1 MHz 87 0.73/f 0,92)f —
1-10 MHz g7/ 0.73/f 0.92)f -
10-400 MHz 28 0073 0,092 2
400-2 000 MHz 1,375 pa 0,0037 0,0046 12 f/200
2-300 GHz 61 0.16 0,20 10

2. Na ouyvémyres and 100 kHz dwg 10 GHz, 1a S, E!, H? xm B! npinn va exppaloviar we pioog dpoc ya xade ypowin)
npiodo Swpxnag th e,

3. Na ovywmomeg nou umepfaivouy Ta 10 GHz, ta S, EY, H? xm B! npénn va exppalovia we péoog dpog yia xade ypowa)
nepiodo buapanag 68/F ** demrvav (f oe GHa).

4. Arv opilrtan npRy mebiow B yia ouyvdome <1 Hz, mou eiven oy mpayponxdtTie owned phocpud mebia. Na voug
TEPLOOTTEPOUS miplmous, N Evoxhmin ciclinon meovaaxiy nAoxTmcsv popTiotwy Sev yivitm ovodupro| o mebia pe
dviaon puxpduepn and ZSkWnanuuwmptwmmmmthﬂqh:&mmﬁw

E.M/K-AIN.O.
-27 -



Epyaotpio Mikpokupdtwy, E.M/K - A.T1.O.

Near field and far field situations

Near held Far field

e —— >
ety >

Radiative Tield

Reactive tield

[hstance from
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O | >
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station:

Consequences for exposure assessments
Use SAR values
to determine ex-

Measure electric
and magnetic

Approximate
point source. use

posure fields separately power density
for exposure
P I characterisation
Approximation
(could overestimate) i
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The physics of electromagnetic
emission from an antenna produces
different circumstances for
measurements depending on the
distance R from the source.

For practical purposes, this is
commonly described as the existence
of three zones

Figure 6. lllustration of three zones:
Reactive near field,
¢ R<A2m
Radiative near field
¢ N2 <R < 2D°/A
Radiative) Far field,
¢ R>2D%A
D = largest dimension of
A = wavelength (33 cm for 900 MHz)
. SAR = Specific Absorption Rate.
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Near field and far field
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Comparison of limits for radio-frequency fields (COST-244)

» Figure 8 describes graphically the general public limits of the reviewed documents for
the electric field strengths between 0.1 MHz and 300 GHz.

10000
NRPB 93
j IEEE 99
1000 - / ONORM 92
—E- NEL 97
= CENELEC 95 =—=|CNIRF 08
< . === (NORM 02
P ICNIRP 98 /A::"A e |EEE 30
2 100 NRPB 93
f_j é | === CENELEC 95
0N , == |TALY 198
o ITALY 198 > ) * =—k=|TALY 2 98
© . AS 88 B NISV 99
'-: 10 NEL &7
= - - =4S 05
° A K —B—5VorGWos
2 ITALY 298 HUN 86 HUN 56
NISV 99
1
-'\SVorGWQB
0,1 T T T T T T T
0.1 1 10 100 1000 10000 100000 1000000 10000000

Frequency (MHz)

Figure 8: Overview on limits of the electric field strength reference levels for the general
public from 0.1 MHz up to 300 GHz.

>
Table 3. List of guidelines for general public exposure reviewed in this report
Country or organisation Type Reference
International / International Commission of Non Guidelines ICNIRP 1998
Ionising Radiation Protection
International / IEEE Standard [EEE 1999
European / CENELEC / Technical Commuittee 211 Prestandard CENELEC

(withdrawn) 1995

Australia / Standard Association of Australia Standard AS/NSZ 1998
Austria - national / Osterreichisches Normungsinstitut Prestandard ONORM 1992
Austria - local / Salzburger Sanititsrat Report S vorGW 1998
Hungary / Hungarian Standard Institution Standard Hungary, 1986
Italy / Ministry of Environment Decree Italy 1998
Netherlands / Health Council of the Netherlands Report NEL 1997
Switzerland / Schweizer Bundesrat Regulation NISV 1999
United Kingdom / National Radiation Protection Report NRPB 1993
Board *

¥ The UK has recently decided to adopt the ICNIRP/EU recommended limits.

E.M/K-A.N.G.
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Comparison of limits for radio-frequency fields (COST-244)

» Figure 9 describes graphically the general public limits of the reviewed documents for

1
]

Electric Field Strength (V/m

the electric field strengths between 100 MHz and 10 GHz.

1000

NEL 97
) ICNIRP 98 NRPBS3  \cEE 09
ONORM 92 ¥
CENELEC 95 \ J
100 ——— L
——|CNIRP 98
=@=(NORM 92
, v v |EEE O
13 ‘ NRPB 93
\ ITALY 1 98 e~ CNELEC G5
10 ITALY 198
= \\ e TALY 2 68
~ "\ m NISVAg
ITALY 2 98 M / AS 98 NEL 97
HUN 86 NISV 99 ——nG 05
—mSVorGWos
1 HUN 86
SVorGWos
0,1 T
100 1000 10000
Frequency (MHz)

Figure 9: Overview on limits of the electric field strength reference levels for

>

the general public from 100 MHz up to 10 GHz.

As seen in figures 8 and 9, there is a substantial frequency variation in these levels in
some guidelines.

= Essentially those that are primarily based on restricting the SAR levels.

Across the frequency range between 100 kHz and 10 GHz, this basic restriction in
SAR is the same exposure according to ICNIRP, 1998:

= 0.08 W/kg fore general public

But the coupling of the external field (=the ability for a field level to cause a certain
SAR level) is at its maximum between some 20 MHz and some few hundred MHz —
the so-called resonance range.

Accordingly, most reference levels shown in figures 8 and 9 are at a minimum at these
frequencies, and do increase at lower and higher frequencies, where the ability of the
external fields to pass into the body diminishes.

E.M/K-A.N.G.
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Comparison of limits - Different Countries (COST-244)

» Comparing in figure 8 the electric field strength limits of different document
in the intermediate frequency range from 0.1 to 1 MHz, differences of up
to three orders of magnitude can be found.

» This is mainly caused by different protection concepts applied by the
different national authorities or committees.

A\

A central distinction is that between:

>

. Exposure limits based on scientific evaluation of health based data,

w

. Other documents based on social and political considerations

= such as the ones issued by the Italian Ministry of Environment (Italy 1
98 and lItaly 2 98), which applied another protection concept largely
based on social and political considerations resulting in much lower
limits.
» A second distinction is that between those:

C. Guidelines intended to restrict a biologically relevant exposure parameter
(e.g. SAR levels) — and where as a consequence the reference levels vary
with frequency (see above),

D. Guidelines where the primary objective is to restrict the external field
levels.

Different Countries

> In Italy, two limits for the general public are in force based on the concept
that additional precautionary measures have to be applied in buildings
used for periods of more than four hours:

» [taly 1, 98, general limits, periods less than four hours
= |taly 2, 98. periods of more than four hours

» UK has recently adopted guidelines based on the ICNIRP (1998)
recommendations

» However, in UK, 1993 the National Radiation Protection Board (NRPB,
1993):

= took short term effects as a basis for his limits;

» have not, in contrast to e.g. ICNIRP (1998) limits, introduced additional
reduction factors for general public exposure,

= put uses the same levels as for occupational exposure — which in
principle are a factor 5 higher in power density (and a factor of V5 = 2.2

higher for electric fields)
E.M/K-A.NO.
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Typical Exposure Levels

» The strongest power frequency electric fields commonly encountered are
beneath high voltage transmission lines.

» Strongest magnetic fields at power frequency are normally found very
close to motors and other electrical appliances, specialized medical
equipment, etc.

Source: Federal Office for Radiation Safety, Germany 1998

Typical electric field strengths Typical magnetic field strength of household

measured near household appliances at various distances.

appliances at a distance of 30 cm Appliances operated on electricity at a frequency
of 50Hz. Mormal operating distance is in bald.

Electric appliance Electric field 3 cm

30 cmdistance 1 m distance (uT)

strength{V/m) distance(uT) (uT)
Stereo receiver 180 - -
Iron 120 8- 30 0.12-0.3 0.01-0.03
Refrigerator 120 05—-17 0.01 - 0.25 =(.01
Mixer 100 - -
Toaster 80 - -
Hair dryer 80 6 - 2000 0017 0.01-0.03
Colour TV 60 2.5-50 004-2 0.01-0.15
Coffee machine 60 - -
Vacuum cleaner 50 200 — 800 2 - 20 0.13-2
Electric oven 8 1—50 0.15-0.5 0.01 =004
Light bulb 5 - -
Electric shaver - 15 — 1500 008-9 0.01-003
Fluorescent light - 40 — 400 0.5=2 0.02-0.25
Microwave oven - 73 — 200 4-8 0.25 -08
Portable radio - 0.8 — 50 0.15-3 0.01-0.15
VWashing machine - 0.8 — 50 0.15 -3 0.01-0.15
Dishwasher - 3.5 -20 0.6 =23 007 =023
Computer Usually 1-10 05—-130 < 0.01

Guideline limit value 5000 For most household appliances the magnetic field
strength at 30 cm is well below the guideline

limit for the general public of 100 pT at 50Hz.
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Note:
» Magnetic field strength around all appliances rapidly decreases the further
you get away from them.

» Most household appliances are not operated very close to the body.

» At a distance of 30 cm the magnetic fields surrounding most household
appliances are more than 100 times lower than the given guideline limit of
100 uT at 50 Hz (83 pT at 60 Hz) for the general public.

» Field strength does not depend on how large, complex, powerful, noisy a
device is.

» Magnetic field strengths vary between makes of hairdryers, etc due to
product design.

ICNIRP Limit:

» Electromagnetic field levels vary with frequency in a complex way so one
can not sensibly list every value in every standard and at every frequency.

» The following table lists exposure guidelines for the three areas of public
concern: electricity in the home, mobile phone base stations and
microwave ovens.

Summary of the International Commission on Non-lonizing Radiation
Protection (ICNIRP) exposure guidelines

European power

Mobile phone base Microwave oven
frequency station frequency frequency
Frequency 50 Hz 50 Hz 900 MHz 1.8 GHz 2.45 GHz
Exposure Electric ~ Magnetic  Power Power Power density
Limits: field field density density
Public 5000W/m  100pT  45Wm* 9Wim? 10 Wim?

Occupational  10000V/m  500uT  22.5Wim° 45 Wim?
ICNIRP, EMF guidelines, Health Physics 74, 484-522 (last updated in April 1998)

E.M/K-A.NO.
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Typical maximum public exposure of common sources

» The following table lists most common sources of electromagnetic fields
» All values are maximum levels of public exposure — normal exposure is
likely to be much lower.

Source Typical maximum public exposure of:

Electric field (Vim) Magnetic flux density (uT)

Natural fields 200 70 (Earth's magnetic field)
Mains power (in homes not 100 0.2

close to power lines) '

Mains power (beneath large 10 000 20

power lines)

Electric trains and trams 300 50

TV and computer screens 10 0.7

{at operator position)

Typical maximum public exposure of
Power Density (W/m?)

TV and radio transmitters 0.1
Mobile phone base stations 0.1
Radars 0.2
Microwave ovens 0.5

Source: World Health Organisation Regional Office for Europe

Note:

1. World Health Organisation literature states there is no specific level beyond which
exposures become instantaneously and immediately hazardous — rather the
potential risk to human health gradually increases with higher exposure levels. ie
guidelines indicate that, below a given threshold, electromagnetic field exposure
Is safe according to scientific knowledge. However, it does not automatically

follow that, above the given limit, exposure is harmful.
2. Guidelines are set for the average population and do not address the

requirements of a minority of potentially more sensitive people. For example,
air pollution guidelines do not take into account the needs of asthmatics
and electromagnetic field guidelines are not designed to protect people
from interference with implanted medical electronic devices such as
pacemakers.

E.M/K-A.N.G.
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E=OMNAIZMOZ METPHZEQN

E.M/K-A.N.G.
-36 -



Epyaotripio Mikpokupdtwy, E.M/K - A.T1.©.

E.M/K-A.N.G.

-37 -



Epyaotripio Mikpokupdtwy, E.M/K - A.T1.©.

!

!J

WF‘

|

™ 'Y‘

R

E.M/K-A.N.G.



Epyaotipio MikpokupdTtwy, E.M/K - A.T.0.

E.M/K-ANO.

-39-



KINHTA THAEOQNA

MoéTe akTivoBoAoUv Ta KIvnTa ThAEQWVQ;

1. Ta kivnTd TNAEQWVA EKTTEUTTOUV NAEKTPOPAYVNTIKA OKTIVOBOAIa uovo
KATa TNV OIAPKEIQ TNG TNAEPWVIKNG HAG ETTIKOIVWVIAG.

2. Emiong, 6tav éva kivnto PpiokeTal o€ KatdoTtaon avauovig (stand
by),eKTTEUTTEL, TTEPITTIOU VA KATTOIQ AETTTA, €va Bpaxu TTOAPO TTPOG TO
QIKTUO KIVNTAG TNAEQWVIag

NMéoo aktivooAouv Ta Kiviitd AcUppata THAEQWVA;

2 UVNOEIG YEYIOTEG TINEG EKTTEUTTOUEVNG OKTIVOBOAIQG OTTO TO QOUPHATO
TNAEQwVO gival 0,01 W kai atrdé tn fdon tou 0,12W.

Kivnuo tpAfpwvo 10 mW 2o 500 mW 900 MHz, 1800 MHz, 2100 MHz
Aovpuato tnAépuvo éwe 10 mW 1900 MHz (DECT)
Bluetooth 1mW 2450 MHz

ESapThpaTa atrodéopeuong Twv Xepiwyv (hands free) — akouoTIKWV

1. Meiwvouv 1a €TTiTTEdA AKTIVOBOAIAG TTOU OEXOMACTE ATTO TO KIVNTO
TNAEPWVO;

2. Mikpr) au¢non NG atmrdéoTaonG Tou KIvToU TNAEQWVOU aTTO TO CWHA JUAG
MEIWVEI ONUAVTIKA TNV €KBEOT] HAG O€ NAEKTPOUAYVNTIKI AKTIVOBOAIQ.

3. Na pnv XpnolgoTroloUde Ta €CAPTAMOTA aAuTd €XOvTiag TO KIvnTO
TNAEPWVO KOAANUEVO OTO CWHA PAG.

4. Ta aoUpuarta egaptriuata Texvoloyiag Bluetooth extméutrouv TTOAU
MIKPOTEPN AKTIVOBOAIa atr’ 4TI éva KIvATO TNAEQWVO



NMPOAHNTIKA METPA
MNa Tnv peiwon Tng akTivoBOANCNG KATA TNV XPHon TOU KIVTOU
TNAEQPWVOU
1) H ouvouiAia va gival 600 To SuvaTov TTIo GUVTOUN.
e Otr0TE PTTOPOUNE VO XPNOIUOTTOIOUUE OTABEPS TNAEPWVO.
2)MpounRdgIag KivnTou TNAEQPWVOU PE XapuNAS6 SAR.
e O1 KaTaAVOAWTEC YTTOPOUV Va evnuEPWOOUV yia Tov SAR aTtréd Ta
EVTUTTA TTOU OUVOOEUOUV Ta KIVATA TNAEQWVA KAl TA EYXEIPIOIN
Xpnong Toug.
3) Na xpnoigoTrolouv Ta e€apTAMATH ATTOOEOMEVUONG XEPIWY (hands
free).
e ATTOMAKPUVOVTAG TAUTOXPOVA TO KIVNTO TNAEQWVO ATTO TO CWHA.
e 'EoTWw KaI hIKPr} auénon TG atroéoTaong TNG CUOKEUNG aTrd TO

WA EAATTWVEI KATA TTOAU TNV £vTaon TNG NAEKTPOUAYVNTIKAG
OKTIVOBOAIQG.
4) Na atro@eUyovTal ol OUVOIAAESEIG TO KIVNTO THAEQWVO €XEI KOKO-
XAUNAS onpa
(Z€ eoWTEPIKOUG XWpoug, AveAkuoTipag, YTToyelo, AUToKivnTO)

1. Na TTpoTIHWVTAl Ol EEWTEPIKOI XWPEOI N £€0TW TIG BECEIC KOVTA OTIG
ECWTEPIKEG TTOPTEG KaI TA TTAPABUPA TWV KTIPIWV OTTOU YEVIKA UTTAPXEI
KOAUTEPO OTua.

5 )H xpRon Tou KivnToU TNHAEQPWVOU KATA TNV 001jynon AUuTOKIVIITOU
augavel Toug Kivouvoug 0d1KoU aTUXHATOG.

2. AuTO 1Io0XUEI KOO KAl aV XPNOIUOTTOIEITAl TO €EAPTNHA ATTOOECHEUONG
xepiwv (hands free).

3. Ta aruxiuara autd amrodidovrtal TTEPICOOTEPO OTNV ATTOCTIACN TNG
TIPOCOXNG TOU 0dnyou atTo TNV 0drynon AOyw TG GUVOUIAIAG TOU OTO
KIvnTO Kal 01 0Tn duoxEpeia odrynong Adyw Tou XEIPIOPOU TNG
OUOKEUNG.



XpAon KIvTwWV THAEQPWVWYV atrd Taidid

Ymrdpyouv evOeicelc 0TI Ta PIKpG TTaidId gival TTI0 euaioBnTa atrd Toug eVAAIKES
o€ OTI aPopd TNV €KBe0N TOUG 0€ NAEKTpOPayvNTIKA TTEDIA.

AigBveic @opeic TT.X. (NRPB - National Radiological Protection Board - EBvik6
2 UMBoUAIo PadioAoyikng MNMpooTaaciag)

1. Ta maidid K&Tw Twv 16 €TWV va attoBappuvovTal atd TV Xpron Twv
KIVATWV TNAEQWVWV. BIOTI:

2. '/Ewg TNV nAIKia Twv 16 €TWV TTEPITTOU, TO VEUPIKO GUCTNUA TOU
avlpwTTou avaTTUCOETA.

3. ZuveTtwg, Ogv atTokAgieTal (dev £Xouv OAOKANPWOEI AKOPA Ol OXETIKEG
ETTIOTNMOVIKEG EPEUVEG) KATA TIG NAIKIEG QUTEG TA ATOMA VA Eival TTIO
euaiodnTa o€ KATTOIOUG TTAPAYOVTEG OTT’ OTI APYOTEPQ.

4. Ta aropa PIKPAG NAIKIAG £xouv OTATIOTIKA HEYAAUTEPO XPOVO (WrG.

XpAon KIVTWV TNAEQPWVWYV ATré ATopA JE KaOpOIaKS
BnuaTodoTH.

1. H nAekTpopayvnTiKf akTIvOBOAia TOU KIvATOU Ba JTTOPOUCE VO
ETTNPEACEI TNV AEITOUPYIQ EVOG KAPBIOKOU BNUATOdOTN AV AEITOUPYEI
TTOAU KOVTA O€ auTOv.

2. [a Tov Adyo autd TTpoTEiveTal OTA ATOPA TTOU £€XOUV BnuaTtoddTn va unv
TOTTOBETOUV TO KIVQTO TNAEQWVO KOVTA OTO BnuatodoTn.

(TOETTEG TWV TTOUKAMIOWYV 1 OTIC ECWTEPIKEG TOETTEC ATTO TO COKAKI)

3. Ta dida@opa PovTéEAa BNUATOdOTWYV UTTOPEI va dIa@EPOUV TTOAU PETAEU
TOUG, av £XETE PNUATOOOTN, CUMPBOUAEUTEITE TO YIATPO 0AG KAl TOV
KATAOKEUQOTH YIO TN CUPPBATOTNTA TOU BNPaTOdOTN OO WE Th XPRon
KIVATWYV TNAEQWVWV.

XpAon KIVTWV TNAEQPWVWYV OTA AEPOTTAAVA KOl OTIG EVTATIKEG
MOVAJEG TWV VOO OKOMEIWV.
ATrayopeUeTal N AEITOUPYIA KIVIITWV THAEQPWVWV;

4. H akTIvoBoAia Twv KIVATWV TNAEQWVWYV UTTOPEI VO TTIPOKAAETEI
TTOPEPPOAEG O€ €uioBNTEG NAEKTPOVIKEG OUOKEUEG.

5. Emeidr Ta agpoTTAGva Kal Ol EVTATIKEG JOVADES TWV VOOOKOWUEIWV £X0OUV
TETOIEC OUOKEUEG Kal ETTEION KATTOIO TTAPEUPBOAR O€ QUTEC Ba PTTOPOUCE
va €€l OAEBpIa atToTEAEOPATA.

6. 2UCTAVETAI N ATTEVEPYOTTOINON TWV KIVATWY TNAEQWVWYV O€ QUTOUG TOUG

XWPOUG.



Mobile phone technology and health.

The UK Government’s Research.

» At the request of the Minister for Public Health, an independent committee,
under the chairmanship of Sir William Stewart, was set up to report on
Mobile Phones and Health. The Stewart Report, published in May 2000
(available at www.iegmp.org.uk),

» This was the most comprehensive in the world and concluded that:

» The balance of evidence to date suggests that exposures to emissions of
radiation from mobile phones, at levels below the National Radiological
Protection Board or the International Commission on Non-lonizing
Radiation Protection (ICNIRP) guidelines do not cause adverse health
effects to the general population.

» There is now scientific evidence, which suggests that there may be
biological effects occurring at exposures below these guidelines.

» A precautionary approach to the use of mobile phone technologies,
particularly by children and young people, should be adopted until much
more detailed and scientifically robust information on any health effects
becomes available. (See Recommendations A2 and 3, C2)

» The Stewart Report proposed that more research was needed on:
1. effects on brain function

2. impact, if any, of pulsed signals
3. improvements in dosimetry
4

. possible impact on health of sub-cellular and cellular changes
induced by radiofrequency radiation

5. psychological and sociological studies related to the use of mobile
phones

6. epidemiological and human volunteer studies.
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Fields from Mobile Phone Systems

» The RF power from a phone is mainly transmitted by the antenna together
with circuit elements inside the handset.
e The antenna is usually a metal helix or a metal rod a few centimetres
long extending from the top of the phone.
¢ Neither type is strongly directional, although more power is radiated in
some directions than others.

Fields and intensities when the antennais along way from the head or
body.

» At points 2.2 cm from an antenna (the distance at which calculations were
made), the maximum values of the electric field are calculated to be
e about 400 V/m for a 2 W, 900 MHz phone and
e about 200 V/m for a 1 W, 1800 MHz phone and

» The maximum magnetic field is calculated to be
e about 1 uT for both phones™.

» For both 2 W, 900 MHz phones and 1 W, 1800 MHz phones the maximum
intensity (power density) at 2.2 cm from the antenna is very roughly
about 200 W/m?,

e This is about one-quarter of the intensity of the Sun’s radiation on a
clear summer day (800 W/m?) , although the frequency of the emission
from a phone is a million or so times smaller).

Fields and intensities when the When the antenna is near the body,

» The radiation penetrates the head or the body it but the fields inside
are significantly less, for the same antenna, than the values outside.
» For example, the largest maximum fields inside the head when its surface
is 1.4 cm from the antenna are calculated to be
e about three times smaller than the values given above.

» The average field values are all appreciably less than these maximum
values for the reasons explained earlier.

> As well as these RF fields, that are pulsed at 8.34 Hz and 217 Hz, there are
magnetic fields near to the phone that oscillate at these same frequencies,
and are a few uT in magnitude.

» These are generated by currents flowing from the battery which are
switched on and off at these frequencies as a result of TDMA.

» The largest values of electric field E inside a model of a head whose
surface is 1.4 cm from the antenna were also computed and are

e about 120 V/m for a 900 MHz antenna radiating 2 W and

e about 70 V/m for a 1800 MHz antenna radiating 1 W.

E.M/K-A.IN.G.
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Description of the mobile telephone system, (COST-244)
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Figure 3. The structure of the mobile telephone system (here with three cells).
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» The mobile (cellular)

phone system works as
a network containing
base stations.

Within each cell, a
base station (with an
antenna) can link with a
number of handsets
(mobile phones).

The mobile phones and
the base  stations
communicate with each
other, sharing a
number of operation
frequencies.

» Other transmission links connect this base station with switches connecting to base stations in other cells,
or with switches connected to conventional phones.



Photographs of GSM Base Stations.

» Figure 1. A base station; right: two of the three masts with an antenna at the top;
Foreground: the equipment cabinet; left: one of the masts with an antenna and
A dish antenna for the microwave link.



TELEPHONE MAST BASE STATION

(A close view}




Description of the mobile telephone system, -2.

The cell exists in order to permit re-use of frequencies — the same frequency can be used in different cells
(given a sufficient distance).

The links (uplink from handset to base station, downlink from base station to handset) employ high
frequency electromagnetic fields.

The outdoor base station antennas may be mounted on the roof or walls of buildings or on free
standing masts.

The size of the cells may vary, from several kilometres (in rural areas with low traffic density) down to
some 10-100 meters (in high traffic density areas in cities).

¢ Small indoor cells occur, using either normal mobile telephone systems such as GSM-900MHz,
— GSM-1800 MHz (DCS), or systems for cordless telephony (e.g. DECT).

¢ In these systems, several users can use the same frequency, since each transmission is
digitalised and compressed to fit into one of 8 time slots.

¢ A new system, the UMTS, is currently being introduced, and will use codes to separate the
calls.

The typical power emitted from outdoor antennas is between 5 and 10 W per channel, which means
that the total power from a base station could amount to some 50 W depending on the number of
channels and varying with time.

In the GSM systems, each link is allocated a bandwidth of 200 kHz (0.2 MHz). Thus, the allocated
spectrum could theoretically encompass 124 (GSM 900) or 374 (GSM 1800) different channels (pairs of
links).

One channel (the control channel) from each base station is always transmitting with essentially a constant
power, regardless of the traffic intensity.

However, the re-use of the same frequency limit the number of possible channels to be used in each cell,
and thus also the total emitted power, from a minimum of10 W up to a maximum of 50 W.



Exposure variations with distance from the base station, Antenna Characteristics.

An antenna does generally have some directionality.
¢ Omni antennas radiate in every direction (seen horizontally), while
¢ Sector antennas effectively only radiate in a (horizontal) sector, see figure 5.

This will permit increased re-use of frequencies, as it will reduce interference — accordingly, most base
stations in high traffic density areas such as cities are of the sector type.

The preferred sector antenna gain is between 10 and 20 dBi.

¢ This means that the emitted power may be between 10-100 times stronger in the intended
directions compared to an omni antenna, while

¢ It will be correspondingly weaker in other directions.

¢ For example, the exposure behind a sector antenna could be 300 times weaker than in the
main lobe (Ramsdale and Wiener, 1999).

Tilt down (between 3° to 6°): In addition to this horizontal directionality, the antenna lobe will also have a
strong vertical directionality, with a fairly narrow beam, which is often tilted slightly downward (see figure
5).

At a sufficient distance from the antenna (of at least 10-15 meters) the EMF exposure levels can be
characterized by the power density in W/m?.

In the main lobe, and disregarding attenuation by other objects (“free space”), this power density will
decrease with the square of the distance.

At larger distances, where (often) buildings or hills will interfere, attenuation and/or reflections will cause
an even faster overall decrease in the power density, but also cause substantial variation. A decrease of
power density with distance as 1/r*° has been found to be useful for e.g. base station power calculation
(ETSI, 1996).



Exposure variations with distance from the base station, Antenna Characteristics —2.
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Horizontal radiation distribution:
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Vertical radiation distribution:
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Typical Antenna boxes for GSM base stations
» The antennas transmit the electromagnetic fields mainly in a forward horizontal direction in which the
beam is targeted at a downward angle of between 3 and 6 degrees.
> In the most usual construction of a base station there are three antennas.

> In such a case the beam from each antenna has a horizontal spread of 120° (Figure 4), such that the three
antennas cover an entire circle.

» Antenna boxes consisting of a generally right-angled plastic casing between 1m and 2.5 m in height, in
which a number of dipole antennas are enclosed.

» In thinly populated areas the antennas are often placed on a free-standing purpose built mast of between
20 and 35 m in height.

>



Field strength within and outside the beam
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» Figure 5 provides a schematic

representation of the calculated
field strengths for an antenna
with a radiated power of 20
Watts,

The exposure limit for the
general public can only be
exceeded within the beam and
at a distance of no more than 3
metres from the antenna.

» Figure 5 Schematic representation of the field strengths near a GSM 900 MHz antenna with a

radiated power of about 20 W.



A\

Field strength within the beam

The field strength within the beam depends upon the power of the antenna and the distance from the
antenna.

For the antennas most typically used at base stations, the near-field remains limited to a distance of
several metres from the antennas.

Simple calculations reveal that for an antenna with a radiated power of about 20 Watts, The exposure
limit for the general public can only be exceeded within the beam and at a distance of no more than
3 metres from the antenna.

Field strength outside the beam

The field strengths outside the beam are considerably lower than those in the beam and the exposure
limits are not exceeded (see also Figure 5).

From measurements that have been carried out at various locations near GSM 900 and DCS 1800
antennas, it is clear that outside the beam at a distance of 1 to 1.5 m underneath the beam and at a
distance of less than about 3 m from the mast the field strength is not greater than 3 V/m.

At distances further from the beam and the antenna the field strength is inversely proportional to the
distance.

At most of the accessible places on the roof, the field strengths are generally lower than 1 V/m.

As a consequence of the protective effect of roof constructions, the field strength in the space underneath
the roof is lower than that on the roof surface.

A variety of different measurements reveal this to be lower than approximately 0.2 V/m.

At distances further from the antenna (for example at street level) the field strength will also be
considerably lower than 1 V/m.

In all cases the exposure level lies considerably below the exposure limit.



>

>

Dish antennas
A dish-shaped antenna that provides a microwave link with another base station.

Main beam characteristics

The antenna transmits electromagnetic fields at a frequency of between 24 and 40 GHz within a very
narrow beam.

¢ The opening angle is not more than about 3o.
¢ The beam is therefore comparable to the light beam from a laser.

Field strength within the beam

>
>

YV VY

The power of the dish antenna used at base stations is not more than approximately P, = 130 mW.

The maximum power density for such antennas is four times the quotient of the available power and the
surface (A) of the antenna. S=4PR/A

¢ This maximum occurs within the main beam at a distance from the antenna corresponding to
one eighth of the far-field distance.
¢ The far-field distance varies between 14.4 m at 24 GHz and 24 m at 40 GHz.
¢ The maximum power density therefore occurs within 1.8 to 3 m from the antenna.
For an antenna with a diameter of D=30 cm and a maximum power of 130 mW:

¢ The maximum power density is 7.4 W/m?,
¢ Which corresponds to an electric field strength of 52.7 V/m.
For the general public, the exposure limit is 20 W/m?, or at least 106 V/m (for a 24 GHz transmitter).

Even within the beam, the exposure limit is not exceeded.

Furthermore, the likelihood of someone being present within the beam is small, as the beam is narrow,
and in the usual position (affixed to a mast) it remains out of the reach of the general public.



Dish antennas

Field strength outside the beam

>

Outside the beam, the field strength at all points is considerably lower than within the beam and thus also
considerably lower than the exposure limit.

For distances from the dish antenna greater than half of the far-field distance, the electric field originating
from the antenna is inversely proportional to the distance from the antenna.

The electric field strength is simple to calculate in this case.

Table 4 shows the result of a calculation of the field strength outside of the main beam and at a distance of
4 m from the dish antenna.

For the general public, the exposure limit is 20 W/m?, or at least 106 V/m (for a 24 GHz transmitter).

Table 4 Electric field strengths outside the mam beam at a distance of 4 m from a dish
antenna with a capacity of 130 mW.

number of deerees outside the main beam electric field strength (V/m)
5° = 3.6
2 < 1.5
507 < (1.5

| (0" =115
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Evaluating Mobile and Portable Devices, (FCC OET Bulletin 65)
The new FCC guidelines differentiate between devices according to their proximity to exposed persons.

In that regard, "portable" devices are defined as those devices that are designed to be used with any part of
the radiating structure of the device in direct contact with the body of the user or within 20 cm of the
body of the user under normal conditions of use.

This category would include such devices as hand-held cellular telephones that incorporate the radiating
antenna into the handpiece.

"Mobile" devices are defined by the FCC as transmitting devices designed to be used in other than fixed
locations that would normally be used with radiating structures maintained 20 cm or more from the
body of the user or nearby persons.

In this context, the term "fixed location" means that the device is physically secured at one location and
is not able to be easily moved to another location.

Examples of “mobile devices”, as defined above, would include transportable cellular telephones (*bag"
phones), cellular telephones and other radio devices that use vehicle-mounted antennas and certain other
transportable transmitting devices.

Evaluation of exposure from a portable or mobile device depends on how the device is to be used.

With respect to portable devices, both the 1992 ANSI/IEEE standard and the NCRP exposure criteria, upon
which the FCC guidelines are based, require that such devices comply with the limits for specific
absorption rate (SAR).For portable devices SAR evaluation is routinely required by the FCC prior to
equipment authorization or use.

Therefore, portable devices, as defined by the FCC, are to be evaluated with respect to SAR not MPE
limits.

For most consumer-type devices, such as hand-held cellular telephones, the appropriate SAR limit is 1.6
watt/kg as averaged over any one gram of tissue, defined as a tissue volume in the shape of a cube

E.M/K-A.IN.G.
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Evaluating Mobile Devices

» The selection of the 20-cm value for differentiating between "portable" and "mobile" devices is based on
the specification in the 1992 ANSI/IEEE standard that 20 cm should be the minimum separation distance
where reliable field measurements to determine adherence to MPEs can be made.

» Therefore, although at closer distances a determination of SAR is normally a more appropriate measure of
exposure, for "mobile” devices, compliance can be evaluated with respect to MPE limits, and the
generic equations of this section.

» Evaluation prior to equipment authorization or use is routinely required for the following mobile
transmitters:

¢ If the operating frequency is 1.5 GHz or below and the effective radiated power (ERP) of the
station, in its normal configuration, will be 1.5 watts or greater, or

¢ |If the operating frequency is above 1.5 GHz and the ERP is 3 watts or more.

» At this time routine evaluation for compliance is not required for devices such as "push-to-talk" portable radios
and "push to talk" mobile radios used in taxicabs, business, police and fire vehicles and used by amateur
radio operators.

¢ These transmitting devices are excluded from routine evaluation because their duty factors
(percentage of time during use when the device is transmitting) are generally low and,

¢ For mobile radios, because their antennas are normally mounted on the body of a vehicle which
provide some shielding and separation from the user. This significantly reduces the likelihood of
human exposure in excess of the RF safety guidelines due to emissions from these transmitters.

» Duty factors associated with transmitting devices that are not "push-to-talk” such as transportable cellular
telephones ("bag" phones) or cellular telephones that use vehicle-mounted antennas, would be generally
higher, and these devices are subject to routine evaluation.

E.M/K-A.NO.
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Evaluating Portable Devices, based an SAR

» With respect to evaluating portable devices, various publications are available that describe appropriate
measurement techniques and methods for determining SAR for compliance purposes.

ANSI/IEEE C95.3-1992 :
¢ American National Standards Institute (ANSI), "Recommended Practice for the Measurement of
Potentially Hazardous Electromagnetic Fields - RF and Microwave." ANSI/IEEE C95.3-1992.
Copyright 1992, The Institute of Electrical and Electronics Engineers, Inc. (IEEE), New York, NY
10017.

and NCRP Report No. 119:
¢ National Council on Radiation Protection and Measurements (NCRP), "A Practical Guide to the
Determination of Human Exposure to Radiofrequency Fields,” NCRP Report No0.119, 1993.
Copyright NCRP, Bethesda, MD 20814.

» For purposes of evaluating compliance with localized SAR guidelines, portable devices should be tested or
evaluated based on normal operating positions or conditions.

» A sub-committee sponsored by the IEEE has been recently formed to develop specific and detailed
recommendations for experimental and numerical evaluation of SAR from portable devices.

¢ |EEE Standards Coordinating Committee 34 (IEEE SCC34), sub-committee II.

» For portable devices operating at frequencies above 6 GHz special considerations are necessary.
» The localized SAR criteria only apply at operating frequencies between 100 kHz and 6 GHz.

» For portable devices that operate above 6 GHz (e.g., millimeter-wave devices) localized SAR is not an
appropriate means for evaluating exposure.

> At these higher frequencies, exposure from portable devices should be evaluated in terms of power
density MPE limits instead of SAR.

» Power density values can be either calculated or  measured, as  appropriate.

E.M/K-A.IN.G.
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ICNIRP Statement: (Health Physics 1996)

HEALTH ISSUES RELATED TO THE USE OF HAND-HELD
RADIOTELEPHONES AND BASE TRANSMITTERS

kg™ ! for 1.8 GHz radiation, This implies that the ITEEE
basic limit of 8 W kg~ ' averaged over 1 £ mass will be
exceeded for duty cycle weighted powers greater than 1.7
W otor 900 MHz radiation and 1.0 W for 1.8 GHz
radiation.

In the case of hand-held radiotelephones, however,
the exposure distance for the user is less than 20°/A, and

the BF held contains sigmbicant reactive components
that interact strongly with objects and with people. This

may result in a localised pattern of absorpion produced
from the resulting anisotropic field. Demonstration of

Most of the established biological effects of expo-
sure to RF fields are consistent with responses to induced
heating, resulting in rises in tissue or body temperature of
greater than [°C (UNEPfWHO/IRPA 1993). Most stud-

mass. A calculation of temperature increase for a realistic
finite element model of the eye (Scott 1988) has yielded
a maximum rise of about 1°C from the absorption of 10
W kg~ ' throughout the eve.

While ICNIRF is formulating comprehensive guide-
lines on exposure limits, the basic limits for localized
exposure have been agreed upon. ICNIRP recommends a
localized SAR limit of 10 W kg™ ' averaged over any
1} g mass of tissue in the head for occupational expo-
sures and 2 W kg~ ' averaged over any 10 g mass of
tissue in the head for general public exposure.

E.M/K-A.IN.G.
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Fields from Mobile Phone Systems

» Figure 4.4, which shows the directions in which most of the energy flows.
e The electric field directions are in the plane of the paper and
perpendicular to the directions of energy flow, while
e The magnetic field directions are perpendicular to the paper.
» Far from the antenna, the energy flows outwards. However,
» Near to the antenna, most of the energy is stored around the antenna,
e flowing to and fro along its length, and only a small proportion is
radiated outwards.

Dipole antenna

A | N

{ radiated energy ) { radiated energy )
Mear-field

( stored energy )

»  Figure 4.4 Electric dipole antenna showing the directions in which most of the

electromagnetic energy flows.

» In the near-field region,The amount of power being radiated outwards is the same
as that in the far-field region, but near to the antenna a considerable amount of
electromagnetic energy is also being stored.

» So as well as the net radiated energy flowing outwards, there is additional energy
that oscillates to and fro.

» These oscillating flows occur perpendicularly to the outward direction from the
antenna as well as along it so the net energy flow is tilted with respect to the
outward direction.

» The E-field and B-field are still at right angles to each other and to the direction in
which the energy is being carried, but they are no longer in phase and their
values can differ appreciably from the simple expressions that apply in the far-
field region.

E.M/K-A.IN.G.
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Stewart’s Report.

The UK Government’s Research.

> At the request of the Minister for Public Health, an independent committee,
under the chairmanship of Sir William Stewart, was set up to report on
Mobile Phones and Health. The Stewart Report, published in May 2000
(available at www.iegmp.org.uk),

» This was the most comprehensive in the world and concluded that:

» The balance of evidence to date suggests that exposures to emissions of
radiation from mobile phones, at levels below the National Radiological
Protection Board or the International Commission on Non-lonizing
Radiation Protection (ICNIRP) guidelines do not cause adverse health
effects to the general population.

» There is now scientific evidence, which suggests that there may be
biological effects occurring at exposures below these guidelines.

> A precautionary approach to the use of mobile phone technologies,
particularly by children and young people, should be adopted until much
more detailed and scientifically robust information on any health effects
becomes available. (See Recommendations A2 and 3, C2)

» The Stewart Report proposed that more research was needed on:
7. effects on brain function

8. impact, if any, of pulsed signals
9. improvements in dosimetry

10. possible impact on health of sub-cellular and cellular
changes induced by radiofrequency radiation

11. psychological and sociological studies related to the use of
mobile phones

12. epidemiological and human volunteer studies.

E.M/K-A.IN.G.
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Cellular phone technologies -1.

GSM mobile phones.

>

>

>

The maximum powers that GSM mobile phones are permitted to
transmit by the present standards are 2 W (900 Hz) and 1 W (1800 Hz).

Nevertheless it seems possible that some older phones might still be in use
whose maximum powers are 3.56 W (900 Hz) and 1.78 W (1800 Hz).

However, because TDMA is used, the average powers transmitted by a
phone are never more than one-eighth of these maximum values (0.25

W and 0.125 W, respectively)
e Usually these powers are further reduced by a significant amount due
to the effects of adaptive power control and discontinuous transmission.

Adaptive power control (APC) means that the phone continually
adjusts the power it transmits to the minimum needed for the base
station to receive a clear signal.
e This can be less than the peak power by a factor of up to a
thousand if the phone is near a base station. Although the power is
likely to be appreciably more than this in most situations.

Discontinuous transmission (DTX) refers to the fact that the power is
switched off when a user stops speaking either because he/she is listening
or because neither user is speaking.
e So if each person in a conversation is speaking for about half the time,
he/she is only exposed to fields from the phone for that half of the
conversation.

In summary, the largest output from a phone occurs if it is mainly used at
large distances from the base station or shielded by buildings, etc.

In this situation, the peak powers could approach the values of 2 W (900
Hz) and 1 W (1800 Hz) and the average powers could approach the values
of 0.25 W (900 Hz) and 0.125 W (1800 Hz).

TETRA (digital)

>

The new TETRA (Terrestrial Enhanced Trunk Radio System) technology is
not intended for public systems connected to the telephone network. It is
designed for closed groups (eg for communication within an organisation or
company) and is coming into use for the emergency services and some
commercial applications.

Frequency bands are available at about 400 MHz and 900 MHz. The
modulation method is complex. The main features, however, are a 25 kHz
band divided into four frequency channels, each of which is divided into
56.7 ms frames containing 4 time slots. So the transmission is pulsed at
17.6 Hz (1/56.7 ms).

E.M/K-A.IN.G.
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Cellular phone technologies -1.

UMTS/IMT-2000 (digital)
» A third generation of mobile telecommunications technology has now been

agreed and will be introduced in the next few years. In Europe this is called
UMTS (Universal Mobile Telecommunication System) and worldwide it is
known as IMT-2000 (International Mobile Telecommunications - 2000).

The frequency bands identified for this system are 1885-2010 MHz and
2110-2200 MHz

The specifications allow some choice in the modulation to be used but it is
expected that the main choice will be CDMA (Code Division Multiple
Access).

The frequency channels will have 5 MHz bandwidths and, as in GSM, each
can be used by a number of users at the same time. However, in CDMA, a
transmission is “labelled” by a coding scheme that is different for each user.

Since all the transmissions occur at the same time, the changes in
amplitude of the carrier wave are essentially random (noise-like).

DECT (digital)
» Cordless phones are used at very short ranges between a base station

located at the telephone socket outlet within the house or office and the
cordless phone handset.

Earlier cordless phones used analogue technology and are now being
replaced by a digital system, DECT (Digital Enhanced Cordless
Telecommunications) which has performance advantages in terms of
privacy and protection against interference.

DECT is now in widespread and increasing use and operates at similar
frequencies, around 1850 MHz, to cellular mobile phones.

e There are ten channels with a spacing of 1.728 MHz.

e In each channel there are 24 time slots within a 10 ms frame and the
transmission within a slot uses a form of frequency modulation.

e S0 a particular phone emits a pulse every 10 ms (100 Hz) during one of
the time slots.

Since the maximum power emitted is 250 mW, the average power
emitted is about 10 mW. Possibly, DECT technology may form part of an
overall UMTS system.

E.M/K-A.IN.G.
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Fields from Mobile Phone Systems

» The RF power from a phone is mainly transmitted by the antenna together
with circuit elements inside the handset.
e The antenna is usually a metal helix or a metal rod a few centimetres
long extending from the top of the phone.
¢ Neither type is strongly directional, although more power is radiated in
some directions than others.

Fields and intensities when the antennais along way from the head or
body.

» At points 2.2 cm from an antenna (the distance at which calculations were
made), the maximum values of the electric field are calculated to be
e about 400 V/m for a 2 W, 900 MHz phone and
e about 200 V/m for a 1 W, 1800 MHz phone and

» The maximum magnetic field is calculated to be
e about 1 uT for both phones™.

» For both 2 W, 900 MHz phones and 1 W, 1800 MHz phones the maximum
intensity (power density) at 2.2 cm from the antenna is very roughly
about 200 W/m?,

e This is about one-quarter of the intensity of the Sun’s radiation on a
clear summer day (800 W/m?) , although the frequency of the emission
from a phone is a million or so times smaller).

Fields and intensities when the When the antenna is near the body,

» The radiation penetrates the head or the body it but the fields inside
are significantly less, for the same antenna, than the values outside.
» For example, the largest maximum fields inside the head when its surface
is 1.4 cm from the antenna are calculated to be
e about three times smaller than the values given above.

» The average field values are all appreciably less than these maximum
values for the reasons explained earlier.

> As well as these RF fields, that are pulsed at 8.34 Hz and 217 Hz, there are
magnetic fields near to the phone that oscillate at these same frequencies,
and are a few uT in magnitude.

» These are generated by currents flowing from the battery which are
switched on and off at these frequencies as a result of TDMA.

» The largest values of electric field E inside a model of a head whose
surface is 1.4 cm from the antenna were also computed and are

e about 120 V/m for a 900 MHz antenna radiating 2 W and

e about 70 V/m for a 1800 MHz antenna radiating 1 W.

E.M/K-A.IN.G.
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Output from base stations

» The base station antennas serving macrocells are either mounted on free-
standing towers, typically 1030 m high, on short towers on top of buildings,
or attached to the side of buildings.

» In a typical arrangement, each tower supports three antennas, each
transmitting into a 120° sector.

> A large proportion of the power is focussed into an approximately horizontal
beam typically about 6° wide in the vertical direction and the rest goes into
a series of weak beams (called side lobes) either side of the main beam.

» The main beam is tilted slightly downwards (Figure 4.5) but does not reach
ground level until the distance from the tower is at least 50 m (usually 50—
200 m).

Antenna

- v P — g0

Figure 4.5 Main beam from an antenna mounted on a tower. The beam is
in fact less well defined than that shown here and there is a
series of weak side lobes either side of it

» The base station antennas transmit appreciably greater power than the
phones.

» The limit to the power is formally set by the need to avoid RF interference
and defined by a licence issued by the Radiocommunications Agency.

» This does not directly limit the total power emitted but does so indirectly by
fixing the maximum intensity (power density) that an antenna can transmit
into the main beam.

» This is done by defining the maximum “equivalent isotropically
radiated power” (EIRP) that can be transmitted.

E.M/K-A.IN.G.
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Fields from GSM Base Stations

The EIRP is the power that would have to be emitted equally in all
directions to produce a particular intensity (power density).

In fact, as already noted, the antennas used are very far from isotropic, with
most of the power being emitted into the main beam, and the ratio of the
EIRP to the total power output is called the gain of the antenna.

For a 120° sector antenna the gain is usually between about 40 and 60.

The licence sets the maximum EIRP at 1500 W per frequency channel
corresponding to a maximum total radiated power of about 30 W per
channel (= EIRP/gain).

It also limits the number of channels per antenna to 16 (for 1800 MHz) and
10 (for 900 MHz).

However, we have been told that in practice the number of channels is
typically:

e less than 4 for 1800 MHz and radiated power = 120 W

e 2104 at 900 MHz (FEI, 2000), radiated power = 60-120 W

which would correspond to maximum radiated powers of less than 120 W and
60-120 W, respectively.

>

Similarly, the total radiated power emitted from an antenna is generally
limited by the characteristics of the equipment to somewhat under 70 W
(FEI, 2000), and a figure of 60 W will be assumed in this report.

It needs to be stressed that the number of channels used, and hence the
total radiated power, is limited by technical rather than legal requirements,
which would in fact permit significantly larger powers to be radiated.

As with a phone, and for largely the same reasons, the average power
transmitted by a base station is normally less than the maximum
power, although in this case it could rise to the maximum at times (rather
than to one-eighth of the peak power in the case of a phone).

By the inverse square law, the maximum intensity (power density). in the
main beam at a point on the ground 50 m from a 10 m tower carrying an
antenna transmitting 60 W into a 120° sector is about 100 mW/m? *.

This corresponds to oscillating electric and magnetic fields of about 5 V/m
and 0.02 uT, respectively,

e very roughly about 50 to 100 times smaller than those 2.2 cm from the
antenna of a phone.

E.M/K-A.IN.G.
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Comparing Fields from GSM Base Stations and mobile Phones

» By the inverse square law, the maximum intensity (power density). in the
main beam at a point on the ground 50 m from a 10 m tower carrying an
antenna transmitting 60 W into a 120° sector is about 100 mW/m? *.

» This corresponds to oscillating electric and magnetic fields of about 5 V/m
and 0.02 uT, respectively,

e very roughly about 50 to 100 times smaller than those 2.2 cm from the
antenna of a phone.

» This corresponds to oscillating electric and magnetic fields of about 5 V/m
and 0.02 uT, respectively,

e very roughly about 50 to 100 times smaller than those 2.2 cm from the
antenna of a phone.

» The heating effects that these fields would produce will vary with the
intensity and are about 5000 times smaller than the maximum value
2.2 cm from the antenna of a mobile phone.

The RF intensity (power density) on the ground

» The RF intensity on the ground is not zero outside the main beam, because
of the power emitted into the side lobes.

> Its value will depend on the design of the antenna.but it seems unlikely that
it could ever be significantly more than that within the beam.

» So the values given above should be reasonable indications of the
maximum intensity and fields that would be present on the ground around a
base station.

» The intensity (power density) will, however, become appreciably larger as
the antenna is approached, as it might be by maintenance workers.
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