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A Survey on the EMF Levels of Study and Electric Appliances in Korea

Seong Ki JangjF * Yong Sung Cho - Seok Jo Lee * Seong Wha Yoo * Kyung Mi Jung * Jun Ho Lim

Indoor Environmental Research Board, Air Quality Research Department, National Institute of Environmental Research(NIER)

The purposes of this study was to collect, analyze, and
describe the MF exposure levels from subways in Korea and
to measure and evaluate the MF levels generated from
electric appliances used at general homes.

The target subway lines were Seoul Metropolitan Line 1
to Line 8, Bundang Line, Incheon Line, Daegu Line, Gwangju
Line, and Busan Line 1 and Line 2. We measured at each
station in those subway lines and, all the train types
(pantograph-equipped, motor-equipped, and common), and
platform types(facing and isolating) were investigated by the
distance(80, 200, 400cm) from the train on 19 targeted
subway lines using 3 magnetic field measuring devices
(EMDEXT, Enertech Co.) during the survey from January till
October, 2004. On the other hand, the levels of the 60Hz
magnetic fields generated from 14 items of home electric
appliances such as electric blankets, hair dryers, electric
razors, etc. were measured at 10 general homes using 5
EMDEXII meters with a sampling interval of 1.5 second by
the distance(surface, 30, 50, 100, 300cm) from the target
electric appliances.

The survey results in the whole subway lines examined in
this study were as follows; Seoul Metropolitan Line 4 using
AC(alternating current) power source showed the highest
mean value of 2.85 ¢ T, followed by Seoul Metropolitan Line
1 running between Seoul and Incheon using AC(2.78 1 T),
Seoul Metropolitan Line 1 between Seoul and Uijongbu
using AC(2.73 « T), Bundang Line using AC(1.79 #T), Seoul
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Metropolitan Line 1T connected from Yongsan using AC(1.67 1
T), Seoul Metropolitan Line 1 between Seoul and Suwon
using AC(0.79 #T), and so on. In general, the intensity of the
magnetic field in the subway systems in Korea was
significantly higher when using AC(2.14£0.91 £ T) than when
using DC(0.29£0.44 1 T) power source.

Among the home electric appliances examined, microwave
ovens showed the highest mean value of 7.69 T, followed
by hair dryers(6.47 #T), vacuum cleaners(5.27 «T), televisions
(226 1), electric blankets(1.38 £ T), personal computers
(0.81T), and so on. Two items of electric appliances
showed the excess value of 0.2 #T at the distance of 30cm in
the MF exposure level; electric razors 1.58£2.13pT and
vacuum cleaners 0.48%£0.44xT. As a whole, this study
showed a tendency that the shift of the MF levels according
to the increase of distance from the electric appliances was
lower than those of the results surveyed in UK and USA.

As a result, this study is expected to suggest meaningful
data for the future study in exposure assessment of magnetic
fields and for the establishment of guidelines for subways
and electric appliances in Korea. More detailed and large
scaled exposure assessment studies should be performed
continuously to get the various and useful information on
health risk assessment of MFs in Korea.

Key Word : MF(magnetic fields), subway, AC(alternating curr-

ent), DC(direct current), electric appliance

A= RIS AT-D ZAFATARINIER NO. 2004-15-721)0l] <Jaf A% A<

B
T4 12005 2¢€ 28, AEA 12005 39 25¢

WAL 7N QHA M7 BT FEREATEA FHEE AT o Auig

Tel : 032-560-7360, E-mail  skjang@me.go.kr)

-+

B



1. /\1 =

21 A7]ell AefEaA A7 A AA
QLollAl Qo] wig- F-83t ko A
ot we LS AT TS d
o ARglel] B 3Eke: a1 Sl Ao] A
Aot 1y 25 A71AIE 9 7HdA
F AR w5 BAlel A gl
ARl diall T 2 GSARR} et o}
e} duRleARS] =713 Tz 2l
gk QA Fo] -2 ARI7F s 71

= SEAY) g Fato® Ay
A ALSA o] S AL Slrk
s, 1997

1979wl EZ2}5(Colorado)T, Xl
H(Denver) A4 Wertheimer2} Leeperol]
o] AEAd FH AT Lot W
7F) AIE URl 29 o8 A4
7} "F3E(Wertheimer and Leeper, 1979)%!
ol%, A AAMCRE we feAEo] =
Aot 271 ez A gl #
Al tigt ek A5 S-S H Linet
MS -5, 1997, London SJ &, 1991; Savitz
DA"s, 1988). “1eiu} Avbel A3hE et
TR ool AR A1 Q1A
el tigh =] oA Al
3 s Agolry K3l tie) st
ATl FATI A1 QAA-E
% E3] FAFINELF-EMF) 9ololA 9
MAegE s} 0% ol
T2 digh JAAYPES AR A &
ofe] MW wFF T3 9 5%
2 o) ol Sk o
v Q1O Lovely 5, 1994; Vena G,
1991; Vena JE &, 1994; Wertheimer and
Leeper -5, 1986; Verreault 5, 1990), #<*
o] 2 AR ek AEs A
gt Aol FATT Aol
ofl FaFo] §l= Fo=w Hslt
(Kabat 5, 2003; Schoenfeld <, 2003). 5=
&t SATI AP 5 A T A
Q1 o] QAo WeMIS VRt
Rael|A 223 71 27 1gel] tish ekl
Apolli= ofwdt Ao] A=A, 183 =
Al 2p7)7go] Aol ok H2 =
AL FAEEA O tisiA obd7HA]

=

rlr

p

=

A

A9

Mo i 30 O

—_
oY

~

QY

i

= =
e

AA A - AEE doRS] Fodt
ATIAZ ALHL Q= Aotk
(Juutilainen -5, 1996).

H)=rell A 199413 1998174 =7}
2 2°] EMF RAPID(Electric and
Magnetic Field Research and Public
Information Dissemination) % 1315 4
Yato] Aapdel A FF e e
oA Axpdel dhst ARE ddstaat
S1Sl=] 1998'd NIEHS(National Institutes
of Environmental Health Science)ol|*] A&
3 Working group 1 Yol A= =413}
AR71ge] 2373l 18S ok A8t
SAE m|okepARE QUA 3t 7Fs 2B =
Z(possibly carcinogenic to humans : Group
2B)=Z AEU%a 19991 NIEHS #HFH.
A 7180 BE ATENE vE
gk A} AR QA Y3 A
ofpAIRE 0f713] el <roletar A
A0 271 eFe] W ofjlo]
WEY SR T slou A
o] wZdE ofglo] Wi Sl
7t S7¥shs el el ot g el A
= TESIQITHNIEHS, 1998). 18t
olel theliM 5 Ssate} FeAE 7+
v Aslzh st glor o] o
T dEAMA Fo AoER Q3
oFAHA] A1) gl Aolgt T
QAN FFe = 7 vk g
78} et viyEE rEskAl %39
L Sl

S, Setetel A9 ol AR
QU frally et Belalo] s 9
A0 sl 8 QA7Ah} AR
25 Agoln] 5] BRAHA A4
QA= - wul g Ageet, A1) 2
%, 19 o 85740] 700 W oPdolut o]
ok 9l 7H3 TEAR oiF e
oo, AT Aol H s
A 4B RO Qs
25 TRAARE AME 271k A0
F7kekn gl FAolt: w2
S A B el dgow A
APge] 0 el A3} HAAES
opgoR BRAAL) 71k ARS wE5}
3 A W AFAE R A

I A W6 3
L ZAPIZE 5 o

H A=20041 195 2004 129
7 A= dd A S dhkelEo] 7
7 o) AR 7HAARE 20052
o= i3t

L

M&e] Beelie e 13854
AR LR T FA
off Mo et & 2As] F
W 73k Ao sglon], &
AR27) 2E BRI, B sk E
¥Fs] F 1970 ke Ao
oLk 7 e EREe] A
2 Aol T R gz
A7stel SAssln:

2 THME

SAAS] AR FAE L A A
jEAgRlEo] 7H wol ARgskE 7HAA|
200155 AAste] o] T Aol
= 1071l ARS8 147) 7S
oz ZARISITHEAI, 2000). 57
THAAIEC 2= TV(10418), Wda(107]
), LTL9A1H), PC(104135), dlloj=2}

o]7](10A41%), AZF71(1041%), ellojZir]
AU(104155), A7173(10 A1), AR
2104155, AAFRQA(1045), X

27104155, AEZN 10415, 2739
BI04, WHE7|9ABHE F
13871 AEe] ek

x
AZ¥7FET33HTWA : Time Weighted Ave-
rage) ke ANISIITH<32b).



(C xTO+(C,x T+ F(C,xT)
(T, + 7,+ 7.
........................................ <fg—)j|>
C:3lF ARt & B A =
T :ad ARt

2 FHIIV1e HEa

(1) 17(calibration)

= ATl AREH ST
EMDEX [+ #A|%3]A}°1 vl=+ ENER-
TECH A}l 2004\ 2€0] Hujjo] B 73s}
St 60Hz ollx1e] AA 218k =
AT QA7) 2% o2 o] FolH2
S T8k HoAE BEslisinh

(2) A& field level) A=
27142 Wi s s o] Q18] Ak
7ol WEE Sl A7IAlEC I

= T
A4 o) wiAlE F1ielM A1 57
717191 EMDEX II & 5%% 1087} 23]

(3) =32 (quality control)

= sk Qlol 57471 1
9 AggE dohi] 98 QCE 3t
AT 2 AT AR Sl A
oM 1 m $] A -l A Ahito]E A%
dlo] EMDEX 11 2thE =el%al EAe]
eI 0m 534 10:27F 53] S4310]
Haspit:

J HE AIF FE

o o

WETT, P TAAETAL g7
HIALS] Hx2 doj AHY 7|z
5l Ay Sol B3 ARE 4, 4
FF AR SR, S 58 A
Aotk we

FEGAF Ol TEA, Ao}
= e el st A &
Ao S92 sgirk o)) 42
P 29719 54771 15% 2
ov] 73 kel 212
R

%0
s rr

17
=

)

o 0N =
ki

l-'\l

o
2 g
rO
W
[N
oxl

ol

Y
o

az

¢
NOJ‘U
e
X
s
o =
5 X
I E‘.J
O}‘N'l—a‘% (X
r
=
12
>

N =
o
b
12
>,
)
s
pech
ot
2
-
1o
Y
o

dlol ) i o

ox,
ol
o,
2
)
[
N
OU:‘.
ik
rlo
S
s
poc)

1o
At
o |y
~
O
=
>,
=|
o
1>
= =2
i
o S
N =
N Jm'
o
S N
(@]
B w

2m, 4m Aol v} ©
=719 ZAF71= 15

Rom ZAE nigo| M AHZIE o
o] 1.5m =o|&2 THAIA 2057

Beigiek

Q@ 170 2= A 573

H Ao A = 17 2R 9]0 wet
271 s 2pol7) Qi eAE FA
s17] flste] 1271 2Fgel| dhaliA 170 =
2 JUS4S S8t U542 1)
2120 A, Z(h), )l A =
A7) 3thE wiAEle] 15% 7449 &4
Z719} 1.5m =02 TAAA 2087 A

% =43i9n

N 8
N
<

LTSy

ofo
o
el

tpx
[N

4 JHME XD\ &5

7} 7VAAREIA WEEE A1) A
2 WS AR st 1071
ol ARGz 1470 7FAMIES] 13870 A1
2 o= 0, 30, 50, 100, 300cme] 7
T A1 HEFS ARIGoH,
Z} 7FRARES 15% (A 0R Az
ALl 53 Sl

EE AR AR B SAs
version 8.0 ©]&3}o] thorsl gJdkqol
'3 unpaired t-test} ANOVA testE 33t

sk

M. 23 2 uz
1. S47171¢] 4=ae

A717ge] WEE Qe BE 370
Al gaelx o] 21 v s EE
ZA% 435 i S BE ol
0.001 T VFEFSTE B8t Figure 15 &
A AIREE 2717 S7%k0] pulse U peak
e} Q= EEE Holal 9l & 3l
o] ZA4Y AT o] dEHoE
A EEE vt & 4 Qi) uket
A S AdE = o A1 W
T A ¥AEIE 07 vl
2 ool ZAE 271 ghell tisied
8 EEE aelehd] Yok Hrta &
T itk

2= AT 38l glo] 7471 2k Ajd
s AEY] S8 AR QC(Quality
control) AZ}E ¥ 5H 748k EMDEX
IE 5 Aholx 5Lt Akl 54
431518 u) TL3 S BT
CHFigure 2). whebr] & A5llA AREH
SA47159 A IS Fodh Zow Ik
Eo] 712 02 vHE AAIE A=
AR AvE Bt

2. A8 AV 54973
AR AV BE
P stslod ] A3k 9 13
e % 197) FA0% TR, 2
2] Aol FARAE 149
A0 W3 A6 FEARE <)
At el T e A 12

%
it
N [N
ox, oxl

e
=
[

{0

A
7

[¢}
-

eirode 44—



i
N
fo

0.007

Magnetic Field (mG)

0.0004

0.0003

Electric Field (KV/m)

0.006
11:00 PM

Oct/01/2003 Time
10:55:30 PM

0.0002
11:05 PM

Oct/01/2003
11:06:30 PM

Fig 1. An example of 60Hz magnetic fields in background level without
sources of electric and magnetic fields
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Fig 2. Comparison of two 60Hz magnetic field measurements in same area and same measured times
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Table 1. Summary of magnetic field levels for common train type in the subway trains in Korea

A A} 75

(Unit : T)
City  Line Operating section N aM" sDF Min' 25% 50% 75% 95% Max' fgggg
1 Seoul station <> Cheongnyangni 182 048 012 033 042 045 049 072 113 DCl
1 Namyeong <> Incheon 818 278 279 0.02 095 156 379 917 1747 AC
1 Hoegi <> Uijeongbu-bukbu 421 273 215 005 127 209 365 727 1221 AC
1 Guro <> Suwon 478 079 103 003 013 029 107 327 523 AC
1 Cheongnyangni <Y ongsan 255 1,67 195 021 063 094 147 661 1037 AC
2 Sindorim <> Sindorim 1,042 014 002 008 013 0.14 015 017 029 DC
3 Dachwa <> Suseo 1,086 038 003 014 036 037 039 040 092 DC
Seoul 4 Namtaeryeong <> Danggogae 758 038 009 025 033 036 040 053 1.04 DC
4 Seonbawi <> Oido 639 285 274 004 1.04 179 359 9.05 1397 AC
5 Banghwa <> Macheon 1,009 0.8 0.4 002 0.09 0.15 023 041 142 DC
6 Eungam <> Bonghwasan 680 020 003 012 018 0.19 021 025 041 DC
7 Onsu <> Dobongsan 992 0.12 007 004 007 009 014 020 043 DC
8 Amsa <> Moran 364 025 003 020 024 025 027 030 044 DC
g;glg Seolleung < Ori 476 179 174 018 078 1.09 195 583 1071 AC
Incheon Gyulhyeon <> Dongmak 5260 016 013 002 006 011 022 041 08 DC
Daegu Daegok <> Ansim 605 0.6 005 009 013 016 019 024 057 DC
Gwangju Sangmu <> Sotae 243 002 001 001 0.02 002 002 002 00 DC
Busan 1 Nopo car depot <>Sinpyeong car depot 755 0.12 009 004 0.07 0.09 014 025 1.02 DC
1 2 Hopo car depot <>Jangsan 922 0.11 009 002 007 009 013 027 079 DC
* N : Number of sample, TAM : Arithmetic mean, ¥SD : Standard deviation,
§ MIN : Minimum, IIMax: Maximum, § DC : Direct current, ** AC : Alternating current
E Uit dvE s E oL A whe ) Aol WEHE Al SAANE vERE AoEA o9jFow
FAAS AR Tlo] ARANS AL = Vet AFAAS AT A 1A
Bk e 5] SO A L Tale 3¢ 4 A A LA ) Sledo il o
Wz*fé Uerfglont tiAlz cx vla  JefEaRre] A1t wEEel] tigh 230 0TE 7P w8 WETTS HER

Table 2. Summary of magnetic field levels for motor-equipped train type in the subway trains in Korea

(Unit : xT)
City  Line Operating section N aM' sDF Min' 25% 50% 75% 95% Max' mﬁ;
1 Seoul station <> Cheongnyangni 182 028 014 011 019 025 030 058 1.00 DCl
1 Namyeong < Incheon 821 252 257 004 081 143 345 811 1661 AC
1 Hoegi <> Uijeongbu-bukbu 423 245 197 006 LI 179 337 655 1055 AC
1 Guro <> Suwon 475 045 054 003 008 019 067 1.67 257 AC
1 Cheongnyangni <> Yongsan 250 163 195 023 063 091 147 607 1075 AC
Seoul 2 Sindorim <> Sindorim 1,042 0.10 002 006 009 011 011 013 034 DC
3 Dachwa <> Suseo 1,089 044 005 012 041 043 045 049 093 DC
5 Banghwa <> Macheon 1,ott 018 012 003 009 015 023 043 097 DC
7 Onsu <> Dobongsan 988 0.13 008 003 008 011 015 025 078 DC
8 Amsa <> Moran 362 036 031 003 008 028 055 098 124 DC
g;?g Seolleung <> Ori 468 178 177 033 069 107 209 577 1067 AC
Incheon Gyulhyeon <> Dongmak 563 0.9 018 003 008 013 023 04 161 DC
Daegu Daegok <> Ansim 599 020 015 002 006 015 032 04 065 DC
Busan 1 Nopo car depot <> Sinpyeong car depot 761 023 007 0.12 020 021 024 033 112 DC
w 2 Hopo car depot < Jangsan 928 095 096 003 009 085 131 3.07 38 DC

* N : Number of sample, TAM : Arithmetic mean, ¥SD : Standard deviation,
§ MIN : Minimum, [IMax: Maximum, § DC : Direct current, ** AC : Alternating current
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Table 3. Summary of magnetic field levels for pantograph-equipped train type in the subway trains in Korea

(Unit : T)
City  Line Operating section N aM" sDF Min' 25% 50% 75% 95% Max' fgggg
1 Seoul station <> Cheongnyangni 182 032 026 014 020 026 032 074 273 DCl
1 Namyeong <> Incheon 818 225 232 003 070 125 317 739 1407 AC
1 Hoegi < Uijeongbu-bukbu 423 230 183 006 104 169 313 627 98 AC
1 Guro <> Suwon 48 206 028 125 195 205 221 259 315 AC
1 Cheongnyangni <> Yongsan 251 131 155 018 045 066 127 455 1029 AC
2 Sindorim < Sindorim 1,053 019 011 011 014 015 019 042 104 DC
3 Daehwa < Suseo 1095 058 027 022 039 048 067 1.17 293 DC
Seoul 4 Namtaeryeong < Danggogae 759 048 037 014 035 038 045 091 377 DC
4 Seonbawi < Oido 640 153 122 003 066 1.15 195 421 661 AC
5 Banghwa <> Macheon 1007 0.62 035 026 038 051 073 118 373 DC
6 Eungam < Bonghwasan 682 015 009 003 008 014 021 031 054 DC
7 Onsu <> Dobongsan 1002 078 1.13 003 0.17 033 091 321 883 DC
8 Amsa <> Moran 363 074 092 001 008 046 111 251 571 DC
g;?g Seolleung <> Ori 477 132 132 016 051 083 149 427 751 AC
Incheon Gyulhyeon <> Dongmak 572045 020 0.1 029 032 071 075 080 DC
Daegu Daegok <> Ansim 616 018 012 002 009 016 025 041 098 DC
Gwangju Sangmu <> Sotae 246 005 006 001 002 003 005 019 028 DC
Busan 1 Nopo car depot <> Sinpyeong car depot 754 043 009 003 038 043 047 055 105 DC
w 2 Hopo car depot < Jangsan 923 0.63 058 002 008 062 087 179 259 DC

* N : Number of sample, TAM : Arithmetic mean, ¥SD : Standard deviation,
§ MIN : Minimum, IIMax: Maximum, § DC : Direct current, ** AC : Alternating current
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Table 4. Comparison of magnetic field levels when using AC and when using DC by the train type

in the subway trains in Korea

(Unit : £T)
Train ¢ Power source Poval
rain type DC F(N=14) AC'(N=5) “aue
Common 0.29+0.44 2.14£0.91 0.0001
AM* Motor-equipped 0.37+0.49 1.74+0.97 0.0620
Pantograph-equipped 0.51£0.39 1.75+0.47 0.0018
Common 0.24+0.32 1.36+0.69 0.0196
GM T Motor-equipped 0.22£0.33 1.06+0.63 0.0033
Pantograph-equipped 0.27£0.23 1.23+0.30 0.0001
Common 0.66=1.48 7.00£2.41 0.0025
95 percentile Motor-equipped 1.05+1.66 5.53£2.80 0.0424
Pantograph-equipped 1.47£1.36 4.94+1.91 0.0111

* AM : Arithmetic mean, TGM : Geometric mean FDC : Direct current, § N : Number of sample, ||AC : Alternating current
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Table 5. Comparison of magnetic field levels when using AC and when using DC by the platform types

in the subway trains in Korea

(Unit : 1T)
Power source
Platform type DCN=14) ACT(N5) P-value
AM Facing 0.06+0.06 0.98+0.51 0.0877
[solating 0.07+0.06 0.80+0.20 0.0230
oM’ Facing 0.05+0.05 0.78+0.48 0.1188
[solatin; 0.06+0.06 0.51£0.23 0.0742
g
95 il Facing 0.10+0.10 2.45+0.68 0.0262
percentiie Isolating 0.11£0.09 243+033 0.0057

* AM : Arithmetic mean, TGM : Geometric mean TDC : Direct current, § N : Number of sample, IIAC : Alternating current
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Table 6. Comparison of magnetic field levels at the common, motor-eguipped, and pantograph-equipped train types
in the subway trains in Korea
(Unit : £T)
Train type
Power source Common Motor-equipped Pantograph-equipped P-value
(N 11=19) (N=15) (N=19)
All 0.78+1.01 0.71+0.86 0.81+0.69 0.9395
AM* pct 0.29+0.44 0.37£0.49 0.47+0.39 0.5393
AC 214091 1.74£0.97 1.7120.43 0.6205
All 0.53£0.66 0.43£0.55 0.51+0.49 0.8676
GM T DC 0.24+0.32 0.22£0.33 0.25+0.22 0.9747
AC 1.36+0.69 1.0620.63 1.21£0.28 0.7218
All 2.34+3.33 2.17+2.76 2.27+2.12 0.9833
95 percentile DC 0.68+1.48 1.05+1.66 1.32+1.33 0.4944
AC 7.00£2.41 5.53+2.80 4.78+1.75 0.3040

* AM : Arithmetic mean, TGM: Geometric mean FDC: Direct current, § AC : Alternating current, | N : Number of sample
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Table 7. Comparison of magnetic field levels at the facing and isolating platform types in the subway trains in Korea

(Unit : T)
Distance Platform type
. . + . P-value
(Train to Platform) Facing (N '=17) Isolating (N=17)
. 80cm 0.524+0.99 0.38+0.61 0.6176
AM 200cm 0.34+0.61 0.27+0.42 0.6689
400cm 0.22+0.41 0.20£0.30 0.8563
80cm 0.40+0.82 0.28+0.41 0.5918
oM’ 200cm 0.27£0.49 0.20£0.28 0.5999
400cm 0.18+0.33 0.1440.20 0.6744
80cm 1.37+£2.48 0.97£1.72 0.5865
95 percentile 200cm 0.87£1.56 0.63£1.11 0.6198
400cm 0.51+0.96 0.52+0.92 0.9856
* AM : Arithmetic mean, TGM : Geometric mean, ¥N : Number of sample
Table 8. Comparison of magnetic field levels by the positions(front, middle, back) in 1 train booth
in the subway trains in Korea
(Unit : £T)
S ‘ Measuring position Poval
urrogare Front (NF=12) Middle (N=12) Back (N=12) e
AM' 0.52£0.73 0.53£0.51 0.50£0.63 0.9949
oM’ 0.29+0.44 0.33£0.31 0.30£0.37 0.9775
95 percentile 1.79+2.74 1.63£1.73 1.61£2.09 0.9759
* AM : Arithmetic mean, T: Geometric mean, ¥: Number of sample
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Table O, Summary of arithmetic mean magnetic field levels generated from 14 items electric appliances by the distances

(Unit : £T)
Electric appliance N’ Ocn 30cm 50cm 100cm 300cm
v 10 2.26+1.88 0.18+0.11 0.10£0.04 0.05+0.03 0.03£0.03
Refrigerator 10 0.33+0.25 0.17+0.18 0.1120.10 0.04+0.04 0.02+0.03
Audio 9 0.28+0.31 0.07+0.07 0.04+0.05 0.04+0.05 0.02+0.02
PC 10 0.81+1.05 0.04+0.03 0.03+0.03 0.03+0.03 0.02+0.02
Hair dryer 10 6.47£10.90 0.13£0.12 0.060.06 0.03+0.05 0.03£0.03
Electric fan 10 0.18+0.24 0.03+0.02 0.02+0.02 0.010.01 0.0120.01
Air conditioner 10 0.22+0.36 0.05+0.05 0.04+0.04 0.03+0.03 0.03+0.03
Electric blanket 10 1.38£1.06 0.07+0.05 0.05+0.03 0.03+0.02 0.03+0.02
Kimchi refrigerator 10 0.09+0.08 0.07+0.07 0.05+0.06 0.04+0.06 0.01+0.02
Microwave oven 10 7.69£7.11 1.58£2.13 0.53+0.58 0.13£0.08 0.05+0.04
Vacuum cleaner 10 5.27+4.22 0.48+0.44 0.15+0.13 0.05+0.04 0.03+0.03
Washing machine 10 0.69+0.79 0.08+0.13 0.06+0.11 0.04+0.09 0.02+0.03
Desk lamp 10 0.18+0.27 0.020.01 0.0120.01 0.01£0.00 0.00+0.00
Electric shaving machine 9 0.10+0.10 0.02+0.01 0.02+0.01 0.01+0.00 0.01+0.00
* N : Number of sample
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Table 10. Comparison of degree of tendency that the shift of the magnetic field levels according to the increase of distance
from the electric appliances in UK, USA, and this study

) ) UK USA This study
Electric appliance v
N Degree of tendency N Degree of tendency N Degree of tendency

vV 73 -1.1670 5 -1.5168 10 -0.7599
Refrigerator 23 -0.7443 4 -0.7462 10 -0.4608
Hair dryer 39 -2.2356 5 -2.3163 10 -1.0208
Microwave oven 34 -1.3799 5 -2.1553 10 -0.8750
Vacuum cleaner 42 -1.8054 5 -2.0501 10 -0.9441
Desk lamp 3 -1.7189 4 -1.9400 10 -0.6725
Electric shaving machine 1 -2.3817 4 -2.3347 9 -0.4710

* N : Number of sample, (Ref.) Preece et al., 1997; Zaffanella et al., 1998
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