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EHS: Electromagnetic hypersensitivity
ECG: electrocardiography

PPG: photoplethysmography

GSR: galvanic skin response

HRV: heart rate variability

RRI: R—R interval

LF: Low Frequency

HF: High Frequency

RSA: Respiratory Sinus Arrhythmia
BMI: Body Mass Index

ELF: Extremely Low Frequency
RF: Radio Frequency

SAR: Specific Absorption Rate
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2006 A = FAE YA FE 4RNEE dolalth B ES 83.23%
2 o]yt A= 12 1 o]% A} At = o] oy

Aste] TE, BUF, WY sl 24, W5 ws T ga A4 sy

TAE EhsteE FUE AAg Jus (EHS,  electromagnetic
hypersensitivity) &A5% Uetdz glor, olgs FuZ Ay QA s 2

ks g AZ19 AT} okl 7w WE FAA olste] ok At

of f¥ FHEL FHOE AAsLL ALHO

9]=ro] AL FE GSM WAL o]83ti omF GSM WA FulE ALE

of olst ApzF3524(34], doF W wWuky 5o A wIH10][15][41] ¥ <!
A 715 [131[37] ¢ AAGE tst A7 QD 1 59 dF= s
3 o

1. 1998 Hocking % Freye FUlE AF8ALe] 7353 UE3, IF9 AL
=7 59 345 HusdrH16][21].

2. 19979 Lin 52 AAZ7} 2EHAE SV F S B

3. Braune & A]lel tigte] 900 MHz GSM Fdi&

=
, BAEH RE S Ay, AA =Feolx wWukeel d3o

4. Tahvanainen =< 900 MHz$} 1,800 MHz GSM FtfZS o] &3slo] A oAt
O F 35& =EAIFE W dtolu wukae] WMo qivka R uESivH41].
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2. 2006 el 71 o A7 A Fad deld CDMA FuiE Axtat A
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2.1 574 Zv 9 AYgF He 54
2.1.1 573 A

ECG, PPG, Z&, ¥F2%, 9FATS F43s7] flsto] A&std AE
PolyG—I(Laxtha, %)% MP100(BIOPAC, USA)S& Ahgste]l =4 skt
PolyG-I:= EEG(H3) 841, ECG(HAR) 1A1d, EMG(ZH %) 241Y, PPG
(M) 14, GSR(IFA7HE) 149, RESP(EF) 1Ad, Bx8Y 2Ad9S
zka 9lom o]F ECG, PPG, & 3AMES 512Hz MEY FI+=2 45}
BIOPAC MP100> XEE¥ AANE AZF7]Z4 SKT100C, GSR1
(BIOPAC, USA) 7 EEE AMEste] IH2 59} 97435 10Hz9 HEY +
sz ST 7 o8 BF ASFHe Adste] AREske] Telescan0.9
(Laxtha, 3=5) ¥ AcqKnowledge3.73 (BIOPAC, USA) 59 #AA A% 4w &
A AZEOlE AREEte] dHolElE ARstn At a¥ 1% 2+ 747

PolyG—I¢} MP100 “&H] 3l

A

7% 1 PolyG-1 &H] 2 =434



: ‘::"E‘-EWH'ET SICIW0ISE S 24 s, M= E3
[Ememonum_j 1 ||0.00000sec | SC|_Freg |omoonm
m. Analog input

[segment 1, 27 11.00.30

[ 1z]
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350

21.2 4& 9 T 34

FOE AR A =F A FUE AR st FUEY HAFHE dF I
F2m7t 7P wE A B fosHA Fobekd H@A FuEe] wE AHE
AAE 4 Stk wEbA R s HAgsl] fste] dee ¥e FHE 94
Aesta wiE g F-91E5 Mgsisith o] ddAEE ATy AAy wEFR QS
I 2eWsts 5457 Yt vF-% AlA (BIOPAC, TSD202B)E FUl&
)= oF, Eeo] RZen BIOPAC SKT100C RES Algalo] dF gien
waks 43kt

I8 38 MREE AN FRRHorA oju AP FrjEo] Bt i
T AlAel bEE ThekA] EItEE FASg 183 SA4E d=Ee R Hagtk
& Tato] ARgSHGITh



Skin
temperature
sensor

2.1.3 a5 57

PolyG—1 A|AElE o] &3lo] HFAMAFEY T Leadl - 2WS ARESH] 2

thelell Ag—AgCl A= (3M, USA)S H3ste] FA33i

BAS SO= Qlste] Wuks gEo] ofele £ YOEE F7FE PolyG-l Al

(PPG : photo—plethysmography) & o] &35, HXAo] =¥

Aalo] 2gach 187 $09 dolHelA Wukrs SFath 1
=
=

GSR sensors

1% 4 ECG A= 9 PPG, 3HAE AA HA



2§ 5}o]

A #HoH17]. ¥FAE WEgE AA Skin resistance level (SRL) ¥ Skin

resistance response (SRR) ¥ 7IA & &5F Hrt}. SRLE W3lst= v Ao

Fsko® 1dE I, SRR 95 A=0= Qs 9 FA3 W3] gt &

Aotz Zolth o A=l oF AFAF Whs AWk ow 1.3~25%9] 5

7] oo WAgt}. oju] A= g F&ETIeL A7]9] WstE FA ST ¥GA

3o dutA o7 wAIAA S ZAE& W= UM (eccrine sweat gland)o] 7HE
2

=
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A5 F35 MLA7F 0.2~6HzE DCO 3 o] E7FsakAwH[25] GSR100CE] 7
§ F3 W97 DC~10HzZ DC 4o 7hsstrh i Agolxs IHAE 3
73k W3ts #EE =2 BIOPAC GSR100CE AHE-sHSith &7k w32 3o
WeE 54387 AdE Koppd A-[12]18) o] & FA g Ao 354
3 AlA (BIOPAC, TSD203)E ¥-#&to] m]RAdo] wHsls =435kt ol
GSR100C+= #4-9] Ago] oid 1P AErE 4357 "ol IAFATS

at7] flate] SA4E AFAERe] g55 FHAstel FARAFGS AXterdth AXtd
T H-A G AR Ee} np AR 183k dolE e BHg 75k AMEE A

1o 1-1:1
O_Ll -lm'
0

GSR

E// Sensors

2.1.6 AHEldHo|& =3

AHER7AAL AP EE AP er HrlstrlflE Autwol = (HRV, heart
rate variability) & =433t} HRV:= £ @uka=o] WHEr} ofd AAdlE oz
2y oS AAErE Alolo] 774 (RRI, R—R interval) & =438l 1 HolE T
Zat= slolvt. 197 ECGeF HRV 12X E vrebdi)
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227}

RRI3

N, A2 A2 EA6]
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interval

RRI1
RRa:%

RRI4

F7r9) RIS B ()

10.000

sec

T
9.000

T
8.000

hyA

Time

T
7.000

10464 oo
3204
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Aol Gtk HRVE A AHER= A7A e 937F detdoh A=
0.04~0.15Hz9 LF(Uow frequency) &, E#AE 0.15~0.4Hz9 HF(high
frequency) A&, FXEto 2 0.04Hz©]3+e] VLF (very low frequency)’d¥o|th
[34]. HF A& 354 54 FA(RSA, Respiratory Sinus Arrhythmia) ©l

o)st Bzt Aol &S wkedsiti[11,34]. whHe] LF RS A7t wat w
L

1. 2000 Beranrdi 52 33 A7} ¥ = F<kd H
g 7 dJdo] g st FF HAS g 5wste] ok s TH8].

2. 20019 Kuch <& 94z, FAF5F, Hvke

. ato] L
HEZF ©f A 4=t P 25 bRkl Abgso] Aupdo] vt o A
S =Sk [24].
3. 2001 Migliaro s Ywol7b Aubolie] wX|= &g H7lsto] ol
w2k HRV7ZF WS ghelskith32].
4. 2004 Hjortskov &< 12749 oA sdaE oz Avst A3, AAl
A AEYAVE HFE #aAl7]la, LF/HFE S7HA7S &8k tH[20].
5. 2007d Parazzini < 2699 &2 ALAE e Z 900MHz GSM ol
E AHEAIY] HRVE S5Ae A3t At w22 A &4 Al d3&F2

Ar JSS BAYH35].
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2
7VEFEAE T8 AASAAS A7 BeA o] Stk 20019 Koivistor A xFst
of o AFEe] FHH FAE FUre] flskd FE, &, Iz, oA S, 7
SFoAE o A4S diete] 43 A2AD Al 4 Adth 2 60+
re] Azl wFe] diste] s W AA wEZ o] Hrrekdvh(23]. 1 F

QA wE AUAe] FHA S ol pelo] otk B AFIAE
FHA AAFFE FA) fdtel T2, st SAAY, mAE =7, 9=,
FE, oY g, MAAE, e FEAY, 28R Fuhd 343 1 9d
2. ok7k 9Tt 3. QT 4. wol A} 9 47 AAAR AAE, PPG 5 AANS
g =299 F PRE 2t

FHAJA AAFE ¢ FUhR AR kFY] AAFE ARG 20034
Leitgeb®} Schrottneri= AMaE A& 4= 9l electrosensibility 9 51 #}3}
wER QS oY TS TheAN T dRlo] #EAA k2 EHSE st
ofof rthal StH[26]. AN AAtst ARFE TasE AHHES AARE
=3 deles Wi Q7] witel] dAkd QIx[ejR= EHSSF ARkl Aol
B7ME g ol Tad ol Al HAITE =AXAY?T 2k

Awe shol At AH el AT



2.3 A3

2.3.1 A7

AEHA 2D AAFA Ago] gle Awkel 1943 EHSE 3438t AL 179

k)

2 HAAAE (frequency) o] W 7F3h

Ankel o] Ht AP 25.0+2.34 ola, Agulx= WArE 109, oAt 99

o2 FAHEAY. H# BMI(body mass index)+ 21.8+3.4kg/m2°]1 SAA}
@Ak 3otk EHS 9] it %2 26.413.24 olx, vl FA) 8

W, o7t 9 o7 FAHTH Ho BMIE 21.3%£2.3kg/m20]3l FAE wab
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o} A2 At

E 1 EHS 9 dukel Akl Aw gl A4 At

EHS S| p—value

N 18 19

o 8:10 10:9 0.746
L}o] (years) 26.1+£3.2 25.0+2.3 0.272
217 (cm) 168.4+7.1 169.1+8.3 0.797
A E (kg) 60.3+10.4 62.8+13.3 0.529
BMI 21.1%2.3 21.8+3.4 0.491
Al () 2:16 0:19 0.216
H &l 5 16:2 16:3 1.000
AR AI 7

(minutes/day) 37.4%+34.1 47.9%33.5 0.351
T AH87]%t (years) 7.0+1.9 6.612.0 0.731

2.3.2 4¥A W3 ARt 2 9 5

AP wid AAaE Hastetr] fleto] AYE =EEY FoiE, 544
ukS Ael Ao QQAAFHT. 60HzE E &3 ELF (extremely low frequency) &
714e HoladyAhe] Hi—36042 o] &3le] =437, ELF tjele] 174 A7)
+ Enertech#}®] Emdex LITEES °]&3to] ZHAsklth. 12| ilNardaibe]
SRM3000% °]43ted SKT, KTF, LGT 7 ol FAAME 34 giojeA A
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19] background ELF #Ax}713 A7]92F RF
(radio frequency) 717 A|7]12] &4 Ayolty. 54 A= 33 54 & HLf
= F3 ghelth

3% 2 ELF A1 A7
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w
B
1SN
rlr
=
)
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oo
m%

ELF @773 (EMDEX-Lite, HI—3604)
247 2 0.0+0.1 mG
A7 2.3+0.1 V/m

E 3 olETAl 3AF Tk thed AV A7

RF 7] (NARDA SRM 3000)

S XA} Test mode/OFF | A71%(V/m) | 39 < (MHz)
SKT Test mode 9.1£0.2
L 824 ~ 849
xe}
(A& FHD) | of 0.7+0.0
KTF Off 0.8£0.1 1750 ~ 1770
LG Off 0.5£0.0 1770 ~ 1780




T4 A 2 8 55
Aveage Real session |[Sham session| p-—value
25 (TC) 225*+1.1 226*1.1 224+1.1 0.336
+5 (%) 56.1+t4.4 55.7%14.8 56.4+4.0 0.329

2.3.3 AAg =& W
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CDMA &W¥ (SCH-V300S, Samsung electronics, Korea) S AF&3to] 3

gE AxE @A wEse A
AEHE 5 FUEe £4
AstH3]. FUE AL
3} o] AEAL o] §3te]

FriEe Foa el
— 848.37 MHzo]1 FWE model? T SARA =

824.64
Ful Ee)

1.22 W/kge|t}.
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2 &9 300 mWrt ==
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Skin
temperature
Sensor

Ag-AgCl

electrodes

Skin resistance
Sensors

Session 1

!

15 Min 15 Min

15 30 40

Questionnaire
GSR, ECG, Temp

Questionnaire Questionnaire
GSR, ECG, Temp GSR, ECG, Temp

Questionnaire
GSR, ECG, Temp

1 day interval

40
Session 2

!

15 Min 15 Min

15 30

Questionnaire
GSR, ECG, Temp

Questionnaire Questionnaire
GSR, ECG, Temp GSR, ECG, Temp

Questionnaire
GSR. ECG, Temp

O™ 10 AA AE 3



=74 A3+ EHS T3 ikl 7o SlojA CDMA JFUlE AAtg =5 o

GAA Fgol-o] wE zto]lE A8 paired t—testE ARESIATH *
Zo e AT 98 AmolmE B[RS FAEA Bl Wilcoxon
signed—rank test® AH&3to] A8l AAal 1A= ZF ] AAT}
Z Algt HeE AlY QA AFTE t—testE o] g3t AL BA BHS
SPSS 10(SPSS Inc, USA)S Arg3stgdom, p=0.05(pvalue) fo5Fo=2 A
gkl
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3.3 Wy

I 13e AR wmEo

{51

A e W 54 A4S ey
%

9}

ok FARA Ay EHS9F AWl o B Axst mFoliel mEAIRE B

Hoz featA AgT (E 6).

BEHS sham exposure (n=18) DEHS real exposure (n=18)
90 | Bcontrel sham exposure (n=19)  Ocontrel real exposure (n=19)
a0
70
TR
E (10
e 50
E A0
I 30
20
10
] L
rest 15 min. 30 min. finish
Stage
29 13 AR A 9 A wE A W s
¥ 6 Hute AN 2
Group AW p—value

E=EoN 0.418

EHS EEARE 0.668

wEA e o 0.573

mEo T 0.395

Control EEAZE 0.101

= EA b e E o 0.229
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3.5 HRV

3.5.1 LFP

29159 EHS 9] Azl wFoiFe wE A4l LFPe] Wsh&S e
Uleh SA 4 Ay Al wepAls FAA o R folshAl WEkekgl o

9 wFolfo] webA = zbol7h flglom I HAtst mFo| g AlRe] ms A
o AATHE 8). webr Ayt wFo] LFPd &S 4 Fevta & &

T
ATk ARkQl & B wmEARte] MRt SAH R fofst WstE & ¢ 9l

600 — m (EnHj asjham
*E12
m £rs pea
500— n=
—_ *E1T OE12
SE 400—
ol *E10
o
|
— 300—
o
2
[«¥)
'D::D 200—
[}
=
J
T00— — —

I T T I
rest 15 min 30 min finish

Stage

18 15 EHS 9 Zxtup 74 9 AA] =% A] HRVS LFP W3}



Change of LFP (%)

1200— = &c;n]t;;l sham
Control real
*C13 . (n=1 g:]
1000
800 *C13
500—
oci7 oct
400—
oci12
oc13
oci2
200—
O_
I I I I
rest 15 min 30 min finish
Stage

19 16 AREQl o] dApnk 7 9l AA e F

3% 8 LFP SA+A 4d¥

Al HRVE] LFP W3}

Group AW p—value
mE o] 0.719

EHS EEAIRE <0.001
EEAI T E N 0.951
rEo 0.991

Control wEA7E 0.027
EEA I E O 0.629




¥ 9 LFP paired t—test A3 43

rEOIN
Group | stage sham real p—value
(B ExFAA, %) | B ExFH A, %)
rest 100 100
15 min 197.7+£135.2 195.0+130.4 0.849
BHS 30 min 161.3%£109.8 159.1+98.8 0.959
finish 180.3+117.8 166.6108.4 0.593
rest 100 100
15 min 131.0+58.4 150.1x77.0 0.334
Contol
30 min 167.5%£156.3 161.7+106.4 0.878
finish 195.7x217.8 183.5+121.7 0.830




3.5.2 HFP

olu] st HFPS W3lE &

400 —

300+
>
(i
L1,

T 200
Sy
Q
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[
1]

= 100
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O_

*E8

OE140QE13

EHS sham
B g

T EHS real
B (-ig)

2% 17 EHS 9] ket 7 8l A

rest

15 min 30 min

Stage

finish

% A HRV®] HFP %3}



300 Control sham

B
ocd m Cantrol real
250— (n=19)
g 200 — *C10
o QC7
[,
T 150
L.
o
U
1)) 100— — —
[
I
-
o 50—
O_
| | I |
rest 15 min 30 min  finigh
Stage

% 18 dHkl 7o HAtyk 7Hg 2 AA =F A] HRVE HFP ®#3)

¥ 10 HFP SAEA 43

Group HAHF p—value
rEo 0.409
EHS EEAIZE 0.075
EEA b e E o 0.194
L i 0.249
Control EEAIZE 0.259
EEA I E o 0.077




3.5.3 LFP/HFP
EHS 9] LFP/HFPE LFP$} plxt7bA 2 Al 7kel] webd = 580z 238
Al ststel ot Akt mFo ol weEba= zpolrh giolom Hd WAk mF

oo} Azl wE g S FATHGE 11). ARkl 7+ =S A7 mpebA =
EAACE FoetA WEtstl o AAu mF;oj o] wEbA = Zolrh AL,
AR} mEo el Az wEAg Esk itk 28al 7 mE WA xE
oo wE AolE AT Ay T o BF =FojFel] mE {fov|st WgE
= 7 lelTGE 12).
¥ 11 LFP/HFP EA%4 Az
Group AAHS p—value
rEo N 0.383
EHS EEZAIZE 0.001
EEA b F o] 0.246
mEoH 0.658
Control »EA|7E 0.019
EEA ol - 0.389
Tt
m s

600—

400—

200—

Change of LFP/HFP (%)

5

OET
oF3
oE12

15 min
Stage

rest

30 min

finish

78 19 EHS 79 dAx3 71 @ AA -2 A HRVS LFP/HFP 3}
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Change of LFP/HEP (%)

1000—

800

500—

4004

*C18

*C17

*C13

oci12

- ninst

Control sham
B

Control real
B9

*C13

T
rest

15 min

30 min

f\msh

Stage

20 AREQI 9] AAT}; wmFolfe] wE HRVE LFP/HFP Wg}

¥ 12 LFP/HFP paired t—test A3 A3}

mEo
Group | stage sham real p—value
(B EEFAA, %) | BHEEEZFAA, D)
rest 100 100
BHS 15 min 154.0+96.7 165.0+118.3 0.842
30 min 180.0*173.1 134.5+73.7 0.432
finish 204.4+184.0 138.3+105.3 0.187
rest 100 100
Contol 15 min 143.4T68.8 131.4%+67.1 0.582
30 min 165.1+117.4 176.6+167.3 0.808
finish 187.7+123.7 148.5+64.1 0.267




Parazzini %< HRVE o]&3o] 269 z2 ALAES o=z
900MHz (2W)GSM FHl& AdA}3t wFo] w|efstA| gt A&7 7 WstE 714 &
T doa FRFT35]. 2L 20069 H71F 52 CDMA FuES o] £3hy
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EHS9 2ukel oA Azte] wE LFP/HFPC W3t Adapy suwalt
A A Fol AE#HAR Agste] WHIkE Zlowm A Evh 20044
Hjortskov &< 1282 o4 IAAE doz A5s Ay, Ay 2Egx
7} HFE 7aA7)1, LF/HFES Z70A 2151 319 [20]. wel LFP/HFPS =
7t A HAo] A A AEGAR g Aow @ AY A F
AR Z3Eke] F 1AIZE W)l 7Rk AIRE Bl 38 AE o2 AHE QU
dch olu) Fo] & 4 Qe AP or st APAE ZYA Fe FT
gl el A% Ade] FobetA Dok 1gw SAUoR A B
55 Hage7] fste] fAYS AFEA P old S uieky) A xpA

© & 9lske] LFP/HFP7F W3ggls 7oz welth 2005 Zhongo A4
Apelof A Fmuleto] LR Z71¢l LE/HFY 712 /A4S & de2 &
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Hietanen <& Fi&E AAs AWREES $hshes AJE dide= 900 MHz
NMT, 900 MHz GSM, 1800 MHz GSM FthZ == A3 2zt SA4S A+
s A FUE AATe JAANE W AzpFAto] o] gles Bttt
[18].

¥ 13 EHS + ARy w2 A3 A4 2449

A2} eEAZE T eE AA =% P—value
resting 1(0) 1(0) 1.000
2z 15 1(0) 1(0) 0.317
30 1(0) 1(0) 0.317
= 10 1(0) 1(0) 0.317
resting 1(0) 1(0) 1.000
15 1(0) 1(0) 0.317
e
30 1(0) 1(0) 0.564
<=5 10 1(0) 1(D) 0.059
resting 1(0) 1(0) 0.083
upog 71 15 1(1) 1(1) 0.083
30 1(0) 1(0) 0.655
<=2 10 1(D) 1(0) 1.000
resting 2(1) 1(1) 0.132
15 2(0) 2(1) 0.273
A2 30 2(1) 2(1) 0.763
<= 10 2(1) 1(D) 0.218




A2+ EEAIZE M= AAwE | P-value

resting 1(0) 1(0) 0.157

_ 15 1(1) 1(1) 1.000

T 30 1(1) 1(1) 0.366

<5 10 1(D) 1(0) 0.180

resting 1(0) 1(0) 0.564

R 15 1(D) 1(0) 0.180

o 30 1(0) 1(0) 0.739

<5 10 1(D 1(0) 0.206

resting 1(0) 1(0) 0.157

. 15 1(0) 1(0) 0.317

HeAE 30 1(0) 1(0) 0.564

<= 10 1(0) 1(0) 0.564

resting 1(0) 1(0) 0.157

Sar 15 1(0) 1(0) 0.739

30 1(0) 1(0) 0.589

<5 10 1(0) 1(0) 1.000

resting 1(0) 1(0) 0.317

o 15 1(0) 1(0) 0.564

asEd 30 1(0) 1(0) 0.317

<5 10 1(0) 1(0) 0.157
median(quartile)




A2t eEAZE M= AA =% P—value
resting 1(0) 1(0) 0.317
5z 15 1(0) 1(0) 0.317
30 1(0) 1(0) 0.317
= 10 1(0) 1(0) 0.317
resting 1(0) 1(0) 0.317
o 15 1(0) 1(0) 0.317
ke 30 1(0) 1(0) 0.317
<=5 10 1(0) 10 0.157
resting 1(0) 1(0) 1.000
upod 7 15 1(0) 1(D) 1.000
30 1(0) 1(D) 0.056
<=2 10 1(0) 1(0) 0.157
resting 1(1) 1(0) 0.317
15 1(D) 2(D) 0.100
A2 30 1(D) 2(D) 0.257
<7 10 1(1) 1(1) 0.705
resting 1(0) 1(0) 1.000
= 15 1(0) 1(0) 1.000
30 1(0) 1(0) 0.317
5 10 1(0) 1(0) 0.317
resting 1(0) 1(0) 0.317
. 15 1(0) 1(0) 0.317
o 30 1(0) 1(0) 0.564
= 10 1(0) 1(0) 1.000
resting 1(0) 1(0) 1.000
. 15 1(0) 1(0) 0.317
Mt 30 1(0) 1(0) 0.317
= 10 1(0) 1(0) 1.000
resting 1(0) 1(0) 0.317
e 15 1(0) 1(0) 0.317
30 1(0) 1(0) 0.317
<5 10 1(0) 1(0) 1.000




A2 5% EEAIRE Mz AAx=ZE | P—value
resting 1(0) 1(0) 0.317
15 1(0) 1(0) 0.317
s
e 30 1(0) 1(0) 0.317
= 10 1(0) 1(0) 1.000
median (quartile)




3.7 AAI =5 AR oF

WA =AY e ARl thtel AAbst wmE:w s A9 A
Ak A FSEE etk AAgr wE Al 5319 AEW AR} HE A
13319 Aol g dAxpst A Astw=s Atk EHS 9 A =

Al A AT Hw-F A 9 AELE 747t 48.6+35.0%, 69.8+29.6% %
hebste,
747} 3.049.8%, 95.4+110.4%% YeEbRth SARAAN wE dneFo] g
nE EAH R §Fo3tH(E% 15).

e
rlI

FQl 9] AAT} =& Al AA FFEe} HweE Al A FFe=

il

real exposure(%, 5) |sham exposure(%, 13)

EHS(18) 44.7%35.0" 72.4+24.27
ARERI(19) 4.8+12.1 91.6+18.9
p<0.01

EHS o] kel wRu Axus o & A @abr] fleix = dxpat
wE A A AL} HFE A 1A FEE B Folof Frh EHSO HAbwt
JHES 25.6% 2t
olZ gt Ul AWK A HAtEE 71X Eera A7ter] wiEe] A2
gl HAEE 7YY g "] fely e’ whal diget Aol
ole] ]t EHS 2 A duklys th2A #pilo] Aztubs wzitka A7t
7] wiEel A wE A w2 A FEEE KBl Zor ®rh sARE A
Ak B eE Al 1A A e Ikl el Hlske] 25.6% W71 wiitel EHS
ol drile] wla| dzE ©] #Z AA Gt B & gtk Leitgeb T A<

wEA) AAATEE kel va] 45.6% AW vl

r



thaL gzhste] At
=E A A ARES
747 vel EHS wellA =
g1gk 4 Qlvh EHS 3, 16 dA3Ae
E=7F B A veh AREE dAE Thed e Rt
£ 2437)= oEe Aow A
= AAs oo} 8 Aot}

o
J

gdom AR AR5
& Fot] AAg) AA AR

¥ 16 EHSTT ¢

&

o AR wE A D
EHS?S ti%
wE A Q1A AEE7

2 4 9tk BHS 2
ARt =74

S AApEE JIAAT[26] 4 EHS el
o & oA sty B 2 9oy 59
stohal & ¢ glolth

E16°1 7+ A

t}. EHS 1, 14 J3#9 A%

# AFel A EHS

=FE A AA

ojy}o

A3}

o=

Fol AR QA

RS

& WeRs

A3 ANl AAE AAH

gkl o] Ak Q1% FEE o

1o g zheh
ol d@ wF 2

A WA o r v n)

v A Az wF A%, 5) | AR HI=E A%, 13)
EHS 1 80.0 23.1
EHS 2 0.0 100.0
EHS 3 40.0 92.3
EHS 14 100.0 38.9
EHS 16 60.0 92.3
control 1 0.0 100.0
control 8 40.0 69.2




AwdE B wud A3 FE, B9z, oA 5& T 2R BE A
AZeN A fols A3E wolx ggkeh A A4 H@ A EHS ¥
3} olukel & @ W EHS ol wel #uth o ¥ A AL B
o F7) #3tsith

wet 1 Avsh cheksteh ek obye 919 A7 AdE GSM FolES AEE)
971 wiEel, CDMA Fol&S o] g3t Akl

=
2EATE AANE, A4FY D AR AA IR 2R

2ol dnkel AQl FoM= ARty wER QIS ASARFA W dAEA 9
o} CDMA FfZo] Axupr A4Qle] A&A A Ao &S vxA S Felg
Q9. 283 EHS & T3k ARyl =E 7 9dte] A&AAA 9 JaS wkA
SUETR R

Aol A HRVE] LESH HF7h %ol io] mebdi 2ol 7k glglovt A7t
B2 wolY. web @5 AeAi HRVY Az wE
MalE EdAow BAY 5 b duyel Wed otk Ed A e
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ABSTRACT

Electromagnetic hypersensitivity to RF radiation

by a cellular phone

Hong, Hyun Ki
Graduate Program in
Biomedical Engineering
The Graduate School
Yonsei University

Due to the fast increase in cellular phone users, public interest on
health effect of electromagnetic fields (EMFs) by cell phones is gradually
increasing. Some EHS (electromagnetic hypersensitivity) patients
complain of psycho—neurophysiological symptoms such as headaches,
insomnia, memory loss and EEG abnormalities resulting from RF radiation
by CDMA cellular phones. However, EHS is difficult to diagnose and
depends on the individual's subjective judgment. And we don't know
clearly if the cause of EHS is uneasiness or real exposure. There have
been various EHS volunteer studies on heart rate, blood pressure and
subjective symptoms using GSM phones. But there are few studies about
experimental case—control study investigating physiological parameters,
subjective symptoms and perception of EMFs. In this study, two
volunteer groups of 17 self—declared EHS and 19 controls were exposed

to both sham and real RF exposure by CDMA cellular phones for half an



hour each. We investigated not only the physiological parameters such as
heart rates, respiration rates and HRVs (hear rate variability), but also
the perception of EMFs and subjective symptoms. As the results, The
EMFs exposure did not have any effects on the subjective symptoms or
physiological parameters for both groups. For the EMF perception, there
was no evidence that EHS group perceived the EMFs correctly than the

control group.

Key words : Electromagnetic hypersensitivity, CDMA cellular phone,

Heart rate variability, Heart rate, Respiration rate
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