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Anotedéopata pIKPOKUPATKAG pn
Oeppukiic éx0eong epPpiwv 6pviBag
Katd t d1dpkeia g opyavoyéveong

0. A. Eévog’, I. N. Mdypag®

IMEPIAHWH. Xxondg ing neipapauxnig avuig epyaciag eivai n
S1epetvnon twv anoteleopdtwv éxbeong nadjuxd Siapoppwpévng
(Pulse Modulated, PW) ka1 aSiapéppwtng (Continuous Wave,
CW) puxpoxupaukig akuvofolriag, nod yapnlrig 1ox6oc, ot ép-
Bpua épviBag otnv opyavoyéveon. XpnoponomBnkav 496 yovi-
ponoinpéva avyd pvifag and ta onofa ta 380 extéfnkav ot axu-
voBolMa, eve ta 116 xpnorponoiifnkay wg pdprupes. Ta mpdrta
extéOnkav oe "pn Oeppuxd” nukvétnta pikpoxupauxig 1woyGog
otdOpng 8,8 pW/cm’ (SAR= 1,16 mW/Kg) own ouyvétnta 9,152
GHz, ané v 3n wg t 10n npépa g endaong ouveyws. And ta
auyd autd 172 extiéOnkav oe CW, eva 208 oe PW. L1a auyd-pap-
wpeg éyivay 6eg o1 kiviioelg tng ékfeong ywpig opwg va exteBodv
oe akuvoBolia. Xto tédog tng endaong téoo ta épPpua twv nelpa-
PAUKOY QUYDV 600 Kal TwV auydV-papipwy e§etdotkay pakpo-
okommkd ka1 pikpookomkd. Ta épfpua nou npoékuypav ané ta au-
yd ta onofa extéOnkav oe pikpoxypata, napovoiacav cuyyeveic a-
vopareg (kaBuotépnon avinuéng ka1 coPapég Siapaprieg) ka-
0d¢ ka1 mpd1poug ka1 dpipoug epPpuikovg Bavdroug. To mooo-
oté wv npooPefinpévav epPpiwv éprace oto 62,78% ota exte-
0Oévia oe abiapdppwra kai 1o 47,12% ota ektelévia oe nadpixd
S1apoppwpéva kipara. To avtiotorgo nooootd oroug pdptupeg -
tav 161aftepa pukpd kat épraoe pédig o 3,44%. Ta anotedéopata
autd, ta onofa a§iodoyiOnkav otaucuxd, otnpiCouv tnv dnoyn,
6u in ovo éxfeon epPpiwv bpvibag oe pikpokupauki akuvofolria
no)d yapnng -pn Oeppikig- mukvétntag 10x60g, Katd v opya-
voyéveon, npokadef Suopeveig emSpdoeig oty avimwéa toug,

Aé&e1g eupemnpiaong: Anotedéopata éxBeong oe RE, opyavoyéve-
on, pikpoxvpata, épfpuo dpvibac,
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Non-thermal microwave effects on
chicken foetuses during
organogenesis

Xenos Th. D.!, Magras I. N.?

ABSTRACT. The purpose of this work is to investigate possible
effects of pulse-modulated (PW) and non-modulated (CW) low
power density microwave radiation on chicken foetuses during
organogenesis. A total of 496 fertilised chicken eggs were used in
this study; 380 of them as experimental material and 116 as controls.
The experimental eggs were exposed to a non-thermal power density
of 8.8 pW/cm’ (SAR= 1.16 mW/Kg) radiation at 9.152 GHz, from
the 3rd to the 10th day of incubation, continuously. 172 eggs were
irradiated by CW whereas 208 eggs by PW. The controls were
sham-exposed. The foetuses of the experimental eggs and of the
controls were macro- and microscopically examined at the end of
their incubation. In 62.78% of CW-irradiated, 47.12% of PW-
irradiated and only in 3.44% of the sham-exposed foetuses
abnormalities (development retardation and severe malformations)
and embryonic and foetal deaths (embryonic and foetal) were
observed. The differences in the effects caused by CW and PW
irradiation were statistically evaluated. These results support the
aspect that very low power density microwaves applied to the
chicken foetuses, in ovo during organogenesis, may cause abnormal
development.

Key words: RF radiation effects, organogenesis, microwaves, chicken
foetuses.
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EIXAT'QI'H

Zmv oot 0 epdg Ot Ovi PLioyoapia evtomiom-
%E UEYAAOG 0QLBUGCE TTELQOUATIRGV EQYOOLHIV, OL OTTOTES Ot
VOpEQOVTAL 08 OUOUEVELS ETLOQATELS TOV UXTLVOBOALGIV
padroovyvétntag ota Eupoua Ttnvav (.y. Sisken et al.
1986, Saito et al. 1991, McRee and Hamrick 1997) now 6n-
haotrdv (m.y. Jensh et al. 1977, 1978, Larry et al. 1983,
Larry and Connover 1987). Ou muxvdémteg Loytog, wou
XONOLUOTTOLONHRAY ROTA TLS TTELQOUATIRES ARTIVOPOM|OELS
otg pehéteg autéc Nrav elte VYMAES, g TdENg Ttwv
mW/cm® 1| axdun xon dexddwv mW/em’ yia uxd xoovi-
7d draomuara (Clark and Justesen 1983), eite yaunhéc yia
ueyahitepa yoovird diaomuata (Magras et al. 1998). H
TEATH RATNYOQIO TOV TAQATAV® UELETAV QOYOAETTOL UE
«Ogpuunég emOQATELS», OL OTTOTES ETNEEGLOVY SUOUEVHS
™y avdmtuEn tov eppovov (Larry et al. 1983, Larry and
Connover 1987). H dettepn xatnyoio Tov HeheTdv ow-
TV avagépetal og «un Bepunés emdpdoeic» ue dhhote
€vtoveg rot AMOTE 17TLeg OUOUEVEIS ETULTTWOELS OTA EL-
Bova (Tanner and Rommero-Sierra 1982, McRee and
Hamrick 1997). O emmmtcioeig twv un 0gouirdv oxtivo-
Bolav apgropnrovvrar and uepida epevvntav (..
Cernov), agot ®atd ®avéva dev HIToQovY Vo ETaValn-
Bovv meLpapaTLRd %o OEV VITAEYOVY AERETA OTOLYE(D, (-
OTE VO, TLOTOTTOLOVVTOL OTATLOTLRA. L20T600, TT0’ GhOV GTL
VIoEN TV «un Depuirndv emdedoewv» ota ufoua dev
elvan eVEEmS aTodenTY, ATORTOVY OTLS PEQES Mag OMOEVAL
®ow avEavopevo eviagpépov. H onuacio tovg eotidletan
TEQLOOGTEQO OE EXEIVES OL OTTO(ES TEOXAAOVVTOL OIS O
XTLVOBOMES TTOV AVIROVY OTILC AVAITEQES TTEQLOYES TOU (Pd-
OUOTOG TV QAILOXUUATWY, OL 0TTOTES PEIOROVY ®aL OTO
uélhov Ba Polorovv GLo %ot TEQLOOGTEQES EPUOUOYES HalL
o115 0moteg oL EuProt ogyaviouol dev elvat Quotrd Tpo-
capuoouévot (Pakhomov et al 1998). H mopotoa mewpa-
potrt] uehétn eotidomxre ot diepetvnon mbavav du-
OUEVAV ETUITTOOEWYV, 0Td. EuPoua Govibag, »otd ) dido-
AELOL TNG 0QYAVOYEVEONGS, ueTaEl 3ng naw 10ng nuéoacg &-
TOAONE UETA amtd €xBeon o maluxrd SLouoQPUEva
(PW) nan adrapdogparta (CW), un Oeouwrd, prgoripota
xouning murvémrog wyvog (9,152 GHz)

YAIKO KAl MEOOAOAOI'TA

Xonowomoinray 496 cuvolMud yovipromomuéva ou-
VG, ad ounfvog opvibwv, puiic Kobb, nhxiag 34 epdoud-
dwv'. A6 avtd 380 extéONno 08 IREORBUOTAL, EVA TOL V-
séhouta 116 yonowpomomtnray wg udetveeg. Avo deeg
UETA TN YEVVNOT] TOUG TOL QUYJ TOTTOBETOUVTOY 08 EMMAOTL-
%0 ®AiPavo xnaw weobepuaivovray otovg 30°Cyua 10 Aemttd
™™g weog. Katdmy amolvpaivovtay pue vroramvious, o-
Tnotg drahiparog popuaidetidng (40%) rouw vrepuayyo-

INTRODUCTION

A large number of experimental studies was carried
out, to assess the potential effects of the RF radiation on
the prehatching development, using birds (e.g. Sisken et al.
1986, Saito et al. 1991, McRee and Hamrick 1997) and
small mammals (e.g. Jensh et al. 1977, 1978, Larry et al.
1983, Larry and Connover 1987) as experimental material.
The power densities used in these studies were either high,
of the order of mW/cm’ or even tens of mW/cm?2 for short
periods of time (Clark and Justesen 1983) or low power
densities for longer periods of time (Magras et al. 1998).
The former deals with thermal effects, causing congenital
malformations, embryonic deaths and foetal deaths (Larry
et al. 1983, Larry and Connover 1987). The latter deals with
non-thermal (or micro-thermal) grave or mild effects
(Tanner and Rommero-Sierra 1982, McRee and Hamrick
1997), which are usually under dispute, since they cannot
be replicated or statistically evaluated. These effects are
today more important with respect to the higher bands of
the RF spectrum, which are going to find a wide application
in the future and in which living organisms are not naturally
adapted (Pakhomov et al. 1998). The aim of this study was
to investigate the possible effects of pulse-modulated (PW)
and non-modulated (CW), non-thermal, low power density
microwave radiation (9.152 GHz) on chicken foetuses,
during organogenesis, from the 3rd to the 10th day of
incubation.

MATERIAL AND METHODS

In the present work 496 fertilized eggs (380 microwave-
and 116 sham-irradiated (controls) of the hybrid Kobb),
originating from a 34-week old flock, were used'. Two
hours after being laid, the eggs were placed in an incubator
and were pre-heated to 30°C for 10 minutes. Then, they
were disinfected by fumigation with a solution of 2 parts of
formaldehyde (40%) and 1 part of potassium perman-
ganate for 30 minutes at 37°C and 90% relative humidity.
The eggs were randomly allocated to experimental groups.
The experimental eggs were divided into two groups; the
eggs of the first group were irradiated by non-modulated
microwaves (CW), whereas those of the second group to
pulse-modulated (PW) microwaves of identical power
levels. The eggs of a third group, used as controls, were
sham-irradiated. Three automatic incubators, made of
polyurethane (transparent to the radio-frequency applied),
placed in different rooms, were used. These incubators
were measured to have identical electrical, magnetic and
thermal characteristics. The temperature in each incubator
was electronically controlled to 374+0.5°C at 50-70%
relative humidity. All eggs were placed in the incubators

"H xofon autot tov metpapatizot vxou eyroiinxe ond v Kmvia-
towr} venpeota g Nouapyiog @ecoolovizng oUpgova te tg Ouutd-
Eewg v vopwv 1197/81xan 2015/92 naw g Mpoedoirris amdpaong
160/91.

! The use of this experimental material was approved by the Veterinary
service of the Municipality of Thessaloniki according to the provisions
of the laws 1197/81 and 2015/92 and the Presidental Decree 160/91 of
the Greek Democracy.
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vixou xohiov og avaroyio 2:1 ywa 307, oe Oepuorpaoio
37° C nan oyetinvn vypaoia 90%. Ta avyd mov exfétoviav
oe antvofoiria yweiCoviav og do opnddes. Ta avyd g
Ted ™G exbETovtay og adiaudoemta (continuous wave,
CW) naw g detteong oe modund dwapoppmuéva (pulsed
modulated waves, PW) pxpoxtuarto tong murvomnrag -
oyvoc. Ta avyd g toltng ouddag axntivoolndnxrav ei-
rovind, Mhadi| €ytvay Ghot oL XeLRLONOT 08 ToATAeVQO,
EexwELoT6 r0oTd T MOWTA SUMGS GUOLO YR, UE OUOLO TTEL-
QAUOTLRG VMG, (OLOVE ETMAOTI®OVE #MPAVOLS, STtmg Ba
avapeel ®aL 0T ETOUEVA, TOVTOYQOVO. Ue TNV ®UoLAL EX-
Beom, ue uovn dLaoed GTL oL LAETVEES dev dEYTNHRAY O-
®uwoforia padiorvpdtmy. Lo mv endaon xonouoTou-
Onrav 1eLg Aettovyrd dpotol etmaotkol »Apavor. H
ouotdTnra TV ®APdvov emfefounhinue ue HETENOELS TV
NAERTQLRMV, UOYVNTUREY RO DEQUURAV Y AQOATNOLOTIRADVY
tove. H Bepuonpaocio o »dbe emmaotind »hiPavo gubut-
Corav nhextpovird otovg 37=0,5°C evd 1 oyxetni vyoa-
olo 0710 50-70%. “Oha taL avyd TortoeTovvTay 0Tovg ETW-
aoTroUg ®MPAVOVE U TOVE eTUi®eLS AEOVES TOUG ®aTa-
13EVEa %ot TOVE aeEoBaldpovg 0To dvw PEEOS. Andun,
T QUYA TEQLOTREQPOVTALY EVVEX (POQES TNV NUEQC TTOOC TCL
aQLOTEQRA 1} TTROC TaL OeELE ®aTd 45° g TEOS ™V RATAKRGS-
QUYO.

Kdfe wnporvpotinng dudta&n amotehovviay amd (o)
ULOL ULXQORUROTLHY YEVVIITOLAL, TNG WHQOXUUATURYC TTEQLO-
e X, uéytomg woyog eEGdov +25 dBm, () wat iurponu-
potern repalo apafolxrot avarhaotioa xépdove 26 dB
ot ovyvotta 9,152 GHz now () éva dintvo rupatodnydv
yLoL T 0UVOEOT TG YEVVITOLAS te TV ®epaia. To mapastd-
v dixtvo epuhdupave éva rotevBuvuxrd Cevntn -20 dB,
YLOL TN CUVEYT] TTORAROAOUEN 0T TOV oNuatog extoumic. O
%d0e emwaoTindg xMPavog tomobeTovviay oe amdoTaom
5 m o7td TV ®EQOLOL EXTOUTNE RO TTEOC T devBuvon pe-
y{oTOU TOU %UELOV MoPOT axtivoPoiiog auTig, £T0L HOTE Vo
eEaopaliCetan Enbeon oe «tedio axtvofoliog». "Evag -
HOORVUATIRGS PAOUATLHOS OVOAITHE, UECW ULAG REQAIAS
TOTTOU Y0odvN S, ®Edovg 16 dB mapaxrorovBoioe T uxgo-
HUUATLRY] TTURVETNTO LOYHOGC, 1) omtolo egapuoldtav ota
melpapaTnd avyd. Téoo 1 epapuolduevn oo %ot 1 veL-
OTAUE VN NAEXTQOUOYVITTLYT] TTURVETHTA LOYUOG EleyyFTOV
ue éva petonmij Narda 8100 o éva tpéporo. Ou petorjoelg
€ywvav rotd 1o oxetrd mpdtumo e IEEE (IEEE 1991).

Eme1d1] 0 oromde g eoyaoiog autic ftav 1 dteeivn-
on mBavav "un BeourdV" ETLOQATEMV UKLQORVUATLIRNG
nNAextoouayvnuxg axtvoPoliog oe Eufoua dpvibag, yu
aTé epaoudoTre TurveTITo. Wyvog 8,8 uW/em’. H -
2VOTNTO OUTH AVTLOTOLYEL 08 €va LEcO «QuOUS elduxt|g a-
0N oNs» (specific absorption rate, SAR) (oo mpog
1,16 mW/Kg uéoa oto avyo (Xenos and Magras, 2000).
‘Oha o avyd axtvoforiOnray meayuatind 1 erovind
ueTa&0 g 3ng xaL e 10ng nuépag ™mg endaong Tovtd-
yoova. Apéowg netd v exréhonpm o veooool Buoidto-
viav pe ™ xeron dieOuhalfépa yia Adyoug evbavaoiag
%o eEeTdlovtay Ue Toooyn TG00 PUHREOOHROTILRA GO0 ROL
WrEooRoTLRd, Yio TavES drapaoties dudmhaong.

with their longitudinal axes pointing vertically and their air
chambers oriented upwards. Nine times a day the eggs were
vertically rotated 45° to the left or to the right.

Each microwave setup consisted of an X-band
microwave generator with a maximum power output of
+25 dBm, a 27-cm horn-fed parabolic reflector antenna of
a 26 dB gain at 9.152 GHz and an X-band waveguide
network connecting the generator to the antenna. The
network included a -20 dB directional coupler for
continuously monitoring the microwave signal. Each
incubator was placed 5 m away at the transmitting antenna
maximum, in order to ensure a far field irradiation of the
eggs. The microwave power density applied, was
continuously monitored by a spectrum analyser via a
standard gain (16 dB) horn antenna, whereas the
connecting cable characteristics were measured by a
network analyser. The electromagnetic power density,
applied and background, was cross-checked by a Narda
8100 survey meter and probe respectively. All
measurements were performed according to the relevant
IEEE standard (IEEE 1991).

Given that the purpose of this study was to investigate
possible non-thermal electromagnetic effects on chicken
foetuses, a power density of 8.8 uW/cm® was applied. This
would be equal to an average 1.16 mW/Kg SAR within the
eggs placed at the incubator (Xenos and Magras 2000). The
experimental eggs were irradiated or sham irradiated
during organogenesis, from the 3rd to the 10th day of the
incubation simultaneously. Immediately after hatching, the
chicks were sacrificed by euthanasia using diethylether and
they were examined macro- and microscopically for any
possible malformations.

RESULTS

A 62.78% of the CW- and a 47.12% of the PW-
irradiated, in ovo, foetuses presented various adverse
effects; i.e. development retardation, post-hatching
mortality, severe malformations, embryonic deaths and
foetal deaths. Only 3.44% of the sham-irradiated foetuses
presented adverse effects. The exact percentages for each
category of these effects are presented in Table 1. Most of
the malformations observed were extensive, fatal and non-
identifiable from the teratological point of view. This was
due to the fact that the embryos were in the stage of
embryogenesis at the time of the RF exposure. Conse-
quently, two weeks after the installation of the malfor-
mation, at the time that the time of hatching was ended
when the assessment was performed, the nature of the
malformation was not identifiable. Furthermore, a 48-hour
decrease of the pre-hatching period has been observed in
the PW- microwaves irradiated foetuses.

Statistical analysis of the above results, by means of the
x’-test, has led to the following remarks:

® The ratios in each column of the CW- and PW-
microwave irradiated foetuses were found significant to a

TEPIOAIKO THZ EAAHNIKHZE KTHNIATPIKHE ETAIPEIAX 2003, 54(1)
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AIIOTEAEXMATA

IMocoot6 62,78% twv euPoiwyv, Tov extédnray in ovo
oe adiopdpguta xo 47,12% oe ounrd diopoopopuéva
UrQORVUOTOL TTOQOVOTaTOV, HETAEY dAMmV, emfpdduvon
avasttuEng, peterrohastiry Bvnowwdtra, pageles da-
HaQTiES, AMMG RO TTEDLUOUE RO CYLUOVE euPovirotc Ba-
vatove. Qot600, uovo 3,44% tov ewrovind exte0EvTmy eu-
Bovwv mapovoiooay tétoteg PAaPes. Ta aropn tocootd
v vdBe vanyopia mepuhappdvovran otov mivaxa 1. Ot
TEQLOOOTEQECS ATTS TIC LOUAQTIES TTOV TTaLpaTNEY ONHa 1-
TAV EXTETAUEVEC, BOvaTNPOEES ®aL un raTatdEles. Avté
uroet va arrododet oto Gt ta Eupova axtvooridnray
oM Vi natd v euPoviny| avdmrtugn, dnhadn oto otd-
dLo mg epPovoyéveonc. Zvvenag, dvo efdouddes uetd myv
EYROTAOTAON TS PAAPNG HATA TNV EXRCAOYT) ROL TNV EXTI-
UNOT TV ATTOTEAEOUATOV, 1] CUVOMXKT] SlopaQTiol tay TTAE-
oV toAvovvVOEeT). TNV TEQUTTMOT T!V EUPEVMV, TOV EXTE-
Bnrav og mahuxd dtopoppouéva (PW) wxpoxriuata, wo-
pamEOnxe 48won EAATTOON TOU XEOVOU ETHAONC.

H otatiotnn avdluon tov taardve arote \eoud-
TV, nE ) foribea Tov X test, 0dfynoe otig andhovdeg &-
TULONUAVOELS:

® OL avahoyieg oe #d0e opdda euPEvMV TOV ARTLVO-
BoAinray ue duapoppmuéva (PW) 1 un (CW) wroort-
pota fegOnray onuoavtiréc oe enimedo 5%.

® O avahoyieg oy oudda Twv poTiemy dev UItépEe-
oo VoL TLOTOTTom 00UV OTaTLOTLRAL.

® Me 10 X test amodelyOnune n viréHeon 6t Ta ada-
UGEPWTO. MHQORTUTA TIQETEL VO, TIQOXRAAOUV TTEQLOCGTE-
pec duoueveic emdEAoELS amd 6,TL To TAAURE OLAUOQPM-
uéva oe emimedo onuavurdmrag 1%eo.

® H drapogomoinon twv amoteleopdtov pnetaEl pog-
TOWV 0’ EVEC ®OL EXTEDEVTDV O rEorTpaTo (TaAind
ALAROQPOUEVDV 1] AdLOUSQPOTWV) TLOTOTTOL BN RE OF €-
ntiedo onuavtrdmrog 1%.

YYZHTHXIH

A6 ) pehétn avt) mpoérvye Gt uévov 37,22% and
ta exteOEVTa 08 adapudepmta urpoxriuata xal 52,88%
a7l ta exteBEVTa o8 TOMURA SIOUOQPOUEVA URQORTUAL-
T TTROEXVYP ALY (PUOLOAOYLRA OVOTTTUYUEVOL VEOOOOL. AVTi-
0eta, To AVTIOTOLYO TTOCOO0TO GTOVS LWAQTUQES EPTAOE TO
96,56%. To yeyovig autd WTtoel va aroTeAETEL ONUOVTLXY
EvOeLEN, GTL TA rEORVUATA- RGO RO OE XAUNAES TTV-
AVOTNTEC LOYUVOC RO UOXQOLE 0TS TH CUYVOTNTO CUVTOVL-
oot -(ev mpoxrewévo mepimov 1,75 GHz) emdpovv du-
ouevag omv avamTuEr] tov eufetov, dtav owtd extiBevian
%atd ™) dudorela tov atadiov g ogyavoyéveons. To a-
TOTEAEOUA OUTS CUUPWVEL pe TV droyn Twv Tanner xo
Rommero-Sierra (1982), Sisken et al (1986) »ou Saito xou
Suzuki (1991, 1995). O »doreg drapoéc netaEd avtav
TOV HEAETHV O TNE TAQOTVOAS E0TIALOVTAL OTNV TTURVETY-
TaL LOYV0G, 0T CUYVOTHTA KL OTH HOQPN TWV WKRQOKVUA-
TOV (SLOUOQPOUEVA 1] GYL), TTOU EPAQUGTTNRAY.

ivaxag 1
Iagatnonfévra “Ex0eon "ExBeon Mdgruoeg
amoTeELEOPOTO ge CW oe PW

wyd % ovyd % ovyd %

Kabvotégnon avdmrugng 60 3488 34 1635 2 172

Metexnohammni Ovnowdmre. 20 11,63 30 1442 - -

Sofagés danaQrieg 4 232 10 481 - -

oo gupouinot Bdvartor 10 5,81 14 6,73 1 086
1

‘Oywot eppovinol Bavarou 14 814 10 481 0,86
Avouevi amotehéouora 108 62,78 98 4712 4 344
Kavovir avdnrogn 64 3722 110 5288 112 96,56

Mn yovipomomuéve. avyd 172 100,00 208 100,00 116 100,00

Table 1
Observed CW PW Sham
results exposure exposure exposure

eggs % eggs % eggs %D

Development retardation 60 3488 34 1635 2 172

Post-hatching mortality 20 1163 30 1442 - -
Severe malformations 4 232 10 481 - -
Embryonic deaths 10 581 14 673 1 086
Foetal deaths 14 814 10 481 1 0.86
Adverse effects 108 6278 98 4712 4 34
Normal development 64 3722 110 5288 112 96.56
Non fertilised eggs 172 100.00 208 100.00 116 100.00
5% level.

® The ratios in the column of the sham-irradiated
foetuses were not found significant at a 5% level and
consequently the adverse effects could be considered
random.

® The x’-test proved the hypothesis that CW-
microwaves cause more adverse effects than PW-
microwaves to a 1%.o level.

® The differences in adverse effects between the sham-
irradiated and the CW- or PW- microwave irradiated
foetuses were statistically significant to a 1% level.

DISCUSSION

From the microwave-irradiated eggs, only 37.22%
(CW) and 52.88% (PW) of chicks had developed normally,
in contrast to a 96.56% of the sham-irradiated eggs. This
fact could be a strong indication that microwaves, even at
low power densities and far from the resonant frequency
(~1.75 GHz), adversely affect the foetus during organo-
genesis. This is in accordance with the work of Tanner and
Rommero-Sierra (1982), Sisken et al. (1986) and Saito and
Suzuki (1991, 1995). The main differences between these
studies and the present one are with respect to the applied
power densities, the frequencies of irradiation and the type
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H srunvétnta woydog ritav 8,8 uW/em’. Avty xotahryet
va glvan 6,3 pW/em’® oto €pevo (Xenos and Magras 1999),
dMAadr| 500 poécg youmhdteen amd Ty muRvVETHTO LoYK00S
7ov %atd to wyvov tpdturo (CENELEC 1996) 6a pro-
0VU0E VO TRORAAEOEL TUOAVES TOTULHES 1) YEVIREC AVETOELS
Oepuorpaotac. Zuverag, oy e0MOYO VO AVOUEVOVTOL UO-
VO «un Ogpund amoteAéopatay.

H ovyvémro artvopolriog mailel onuavand gého om
XWEOTOELXY] XATAVOUT] TOU NAEXTQOUAYVITLXHOU TtedlOV OF
AVOUOLOYEVES DINAEXTOLXG VMKG, GTtrg uroei vo. emoen-
Bl 10 euPELoPSo avys g Gevibag. H ouyvémra mov
¥ONoLoToitnue OTOV TELRAUATIOUS THE TAQEOVONS PEAE-
meNrav 9,152 GHz, eva ou Saito wow Suzuki (1995) yonot-
uostoinoay ) ovyvémta twv 428 MHz. H eEacBévnon tov
adLORVUATOC TTOV dLeLodVeL oe auyd ™ Govibag, ®atd To
xS Tov dEova, Yot ovyvdmta tov 9,152 GHz eivou
onuavuxy (13 dB), evd elvon aofquavty yLo T ovyvoeTnto
tov 428 MHz. Ta tewpopatnd avyd, ot peAét auvm, To-
moBemOnrav oto medlo axtivofoliog e nepalog exmo-
umis. g moatdvem avapepeioss pehétes ov teonyT-
Onrav, de drevrouviletan edv ta avyd TomoBeTiBnxay oto
eyyUc tedio 1 0710 EdI0 axTLVOBOANS TWV REQULEIV ERTTO-
umric. To yeyovdg owtd, Spme, tailel onuavtird oo oty
amopeogovuevn oyl (CENELEC 1996).

Zrta ufova tov axtvofoliBnuay in ovo, ue adLopude-
POTA UREORVUATA, TTAQOTNENONYAY TEQLOOGTEQN OUOUE-
vi] aoteAéopata, og Too00To 15,66%, og OoyEom ne avtd
7OV ARTVOBOAM IRV e TaARA SLOUOQPOUEVA (UKEO-
ropara. To yeyovog autd motomouniinxke oe enimedo on-
uovtrdmrog 1%e. IIépav avtot natl 1 pion Twv Hopgo-
AOYLRAV QUTAY EVENUATOV PAIVETOL SLOPOQETLXT|. ZUYKE-
rowéva, tagatnonrav 18,53% meLoodTepeg mEQLTTH-
oeLg #oBvoTtéenong avdmtuEng wou 3,33% mepuoodtegol G-
PYuot euPouirot Odvartor ota axtvofoindévra pe adio-
uéopmta prporiuata Eupoua. Axduy, TaQatneonxe
2,78% meuoodteEn peterrolamry Ovnowwdmra, 2,49%
EELO0GTEQES COPapés drapaptieg von 0,92% mepLoodte-
QoL TpoyevvrTrol Bdvatol ota upova, Tov eXTEBMrAY O
TOMURA SLOUOQPMUEVA UHQORVUALT.

H eldttmon tov 3o6vov exmoong ®atd 48 hpeg, mov
mapatnoNBnxe oty TepimTmwon Twv eufeimv Tov exTEON-
%AV 08 OLAUOQPOUEVOL UXQORVUOTO, OEV TAQOTNOY ONXE
ota EUPEUa, TOV EXTEONRAY 08 AILOUGOPOTA UHQORVUA-
T, 00TE now ota EuPuva-udotuees. Ta duopevii amotehs-
OUOLTaL, TTOV TTROEXRMPAY PETA ATl €x0e0T 08 AdLAUSRPWTOL
WrEORVUOTO, PaiveTon GTL gtvor o gofod omd 6,T ue-
T4 amtd €x0eom o€ TOMUKA OLAUOQPOUEVO WHQOKVUATC.
[Mopd ) 48-wEnN EAATIWON TOU YEGVOU ETDAONG, TTOV TTaL-
eaENONre 0TV TTEQITTWON TV eXTEBEVTOV OF TTOMurd
SLOUOQPOUEVE PLHQEORVUOTAL, TEOERMPaY 52,88% quato-
hoywol veoooot og oyéon ue 37,22% mov mogrvpoy uetd
a7t ETADAON 08 AOOUGEPOTA URQOARVUATA. ZUVETUNE 1) €-
MTT™OoT TOU Xe6VoU autod dev paivetol vo emtneedlel ™
PUOLOAOYLXY TR0 TNG TEOYEVYNTLXYG avdmttuEng. Emi-
AoV, uévo 16,35% tav exteBEvimv eupfoinv oe maiunrd
drapoopwuéva wrporiuata oe oxéon ue 34,88% twv -

of the microwave transmission (CW and PW).

The power density applied was 8.8 uW/cm’. This ends
to a maximum power density of the order of 6.3 uW/cm’on
the embryos (Xenos and Magras 1999), which is at least 500
times lower than the power density that could possibly
cause local or even general temperature rises (CENELEC
1996). Therefore, only non-thermal microwave effects were
expected. The frequency of irradiation plays an important
role in the spatial distribution of the fields within a non-
homogeneous dielectric material, as the fertilised chicken
eggs could be considered. The frequency used was 9.152
GHz, whereas Saito and Suzuki (1995) used 428 MHz. The
attenuation of the radiowave, penetrating towards the
small axis of the fertilised chicken egg, is considerable (13
dB) at 9.152 GHz, whereas at 428 MHz is insignificant. The
experimental eggs of this study were placed in the far field
of the transmission antennas. The authors referred to
above did not give information as to whether their
experimental eggs were placed in the near or the far field.
This fact plays an important role in the absorbed power
(CENELEC 1996).

In the CW-irradiated foetuses 15.66% more adverse
effects were observed than in the PW-irradiated foetuses;
this was proved to a 1%o significance level. The adverse
effects of the irradiated foetuses, due to CW-, seem to be
different than those due to PW-microwave irradiated
foetuses; in the CW-irradiated foetuses 18.53% more
developmental retardation and 3.33% more foetal deaths
were observed. On the contrary, in the PW-irradiated
foetuses 2.79% more post-hatching mortality, 2.49% more
severe malformations and 0.92% more pre-hatching deaths
were observed.

The decrease of the pre-hatching period, by 48 hours in
the PW- microwave irradiated foetuses, was not observed
in either the CW-irradiated eggs or in the controls.
Furthermore, the adverse effects derived from the CW-
seem to be quantitatively more severe than those derived
from the PW-microwave exposure experiment. In spite of
the 48-hour pre-hatching decrease, 52.88% of normal
chicks compared to 37.22%, in the case of the CW-
microwave exposure experiment, were found. Therefore,
this decrease does not seem to affect the progress of the
pre-hatching development. Besides, only 16.35% of the
PWe-irradiated foetuses in comparison to 34.88 % of the
CW-irradiated foetuses were hatched with development
retardation. This leads to the aspect that modulated
microwaves, applied in very low power densities during
organogenesis, could decrease the pre-hatching period
without affecting the pre-hatching development. This
hypothesis requires more detailed investigation.

Finally, it could be concluded that microwaves at very
low power densities, when applied to the chicken foetuses
during organogenesis, adversely affect the normal pre-
hatching development, since they may cause development
retardation, post-hatching mortality and severe malfor-
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a3

®TeOEVTOV EUPEVMV 0 ALOUGQPOTO TALEOVOTALONY KO-
Buoténomn avdmruEne. Tovto odnyel omy vatéBeon 6t
ALapoePmuUéva mroxtuata, Gtav paouétovial o€ mo-
A r€g TURVGTHTES LOYVOG RATA TNV OQYAVOYEVEDY), UITO-
00UV VAL TEQLORIOOVY TO YOAVO ETTWAONGS XWEIC, SUMS, VO
EMNEEATOUV TAVTOYQOVA KAL TNV TQOEUROAATTTLXY OVd-
qttvEn. H vé0eom oty amotel meponté o diepetvnon.

Téhog, eivar dSuvaTd vo CUUTTEQAVOUUE, GTL 1] LKQORV-
potry axntvofolla, dtav egaoudtetol oe ToA) yaunhéc
TURVGTTES LOYVOE, Ot Eufoua SEVIBas, RaTd TV 0QYAVO-
YEVEON), ETNOEATEL SVOUEVHEC TNV RAVOVLRY] TTQOERKONL-
TR OVATTTVEY, APOT UITOQEEL VaL TROXAAEOEL ®AOVOTEQN-
on avdIttvEng, ueterrohartnry] Bvnoudmra, copaés dia-
poetieg xat TEoexrrohatoUc Bavdrtovs. Ta altia ™mg
ALopoEOTOMONS TV OUOUEVHV ATTOTEAEOUATWY UETAED a1
AUSEPWTOV %o TAAMUKE SLOUOQPOUEVDY MKLQEORVUG-
TOV, TTOL TOQEATNENON®AY 0T HEAET T, ATouTel TEQOL-
Téom dtepevvnon.

mations, as well as pre-hatching deaths. The cause of
differentiation in adverse effects between CW- and PW-
microwave irradiation that was found in this study needs
more investigation. [
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