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

Seong Ki Jangdf -'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
(EMDEXTI, 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

*

3|

X
T
o~
T

Metropolitan Line 1 connected from Yongsan using AC(1.67 x
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 £ 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
(2.26 £ T), electric blankets(1.38 #T), personal computers
(0.81¢T), 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+2.13 T 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-
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Fig 1. An example of 60Hz maanetic 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 frains in Korea

(Unit : ¢2T)
City  Line Operating section N~ AM" SD' Min® 25% 50% 75% 95% Max' §§J¥§£
1 Seoul station <> Sheongnyangni 182 048 012 033 042 045 049 072 113 DC
1 Namyeong <> ncheon 818 278 279 002 09 15 379 917 1747 AC
1 Hoegi < Jijeongbu-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 <> ongsan 255 167 195 021 063 094 147 661 1037 AC
2 Sindorim < sindorim 1,042 014 002 008 013 014 015 017 029 DC
3 Daehwa <> use0 1086 038 003 014 036 037 039 040 092 DC
Seoul 4 Namtaeryeong < Janggogae 758 038 009 025 033 036 040 053 104 DC
4 Seonbawi < Jido 639 285 274 004 104 179 359 905 1397 AC
5 Banghwa < vlacheon 1,009 018 014 002 009 015 023 041 142 DC
6 Eungam < 3onghwasan 680 020 003 012 018 019 021 025 041 DC
7 Onsu «> Jobongsan 992 012 007 004 007 009 014 02 043 DC
8 Amsa < vioran 364 025 003 020 024 025 027 030 044 DC
(?e;jr?q Seolleung < Jri 476 179 174 018 078 109 195 583 1071 AC
Incheon Gyulhyeon « Jongmak 526 016 013 002 006 011 022 041 08 DC
Daegu Daegok <> Ansim 605 016 005 009 013 016 019 024 057 DC
Gwangju Sangmu < >otae 243 002 001 001 002 002 002 002 009 DC
Busan 1 Nopo car depot <> npyeong car depot 755 012 009 004 007 009 014 025 102 DC
2 Hopo car depot <> ngsan 922 011 009 002 007 009 013 027 079 DC
* N : Number of sample, TAM : Arithmetic mean, ¥SD : Standard deviation,
§ MIN : Minimum, IIMax: Maximum, § DC : Direct current, ** AC : Alternating current
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Table 2. Summary of magnetic field levels for motor-equipped train type in the subway frains in Korea

(Unit : 2T)
City  Line Operating section N AM" SD' Min® 25% 50% 75% 95% Max' Egﬁg
1 Seoul station <> Cheongnyangni 182 028 024 011 019 025 030 058 1.00 DCl
1 Namyeong < Incheon 821 252 257 004 081 143 345 811 1661 AC
1 Hoegi < Uijeongbu-bukbu 423 245 197 006 111 179 337 655 1055 AC
1 Guro <> Suwon 475 045 054 003 008 019 067 167 257 AC
1 Cheongnyangni <> Yongsan 250 163 195 023 063 091 147 607 1075 AC
Seoul 2 Sindorim <> Sindorim 1,042 010 002 006 009 011 011 013 034 DC
3 Daehwa <> Suseo 1089 044 005 012 041 043 045 049 093 DC
5 Banghwa <> Macheon 1011 018 012 003 009 015 023 043 097 DC
7 Onsu < Dobongsan 988 013 008 003 008 011 015 025 078 DC
8 Amsa <> Moran 362 036 031 003 008 028 055 098 124 DC
(?:r?g Seolleung < Ori 468 178 177 033 069 107 209 577 1067 AC
Incheon Gyulhyeon <> Dongmak 563 019 018 003 008 013 023 048 161 DC
Daegu Daegok < Ansim 509 020 015 002 006 015 032 048 065 DC
Busan 1 Nopo car depot < Sinpyeong car depot 761 023 007 012 020 021 024 033 112 DC
2 Hopo car depot < Jangsan 928 095 09 003 009 08 131 307 38 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 3. Summary of magnetic field levels for pantograph-equipped ftrain type in the subway trains in Korea

(Unit : ¢2T)
City  Line Operating section N AM" SD' Min® 25% 50% 75% 95% Max' §§J¥§£
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 423 230 183 006 104 169 313 627 983 AC
1 Guro <> Suwon 486 206 028 125 195 205 221 259 315 AC
1 Cheongnyangni < Yongsan 251 131 155 018 045 066 127 455 1029 AC
2 Sindorim < Sindorim 1053 019 011 011 014 015 019 042 104 DC
3 Daehwa <> Suseo 1095 058 027 022 039 048 067 117 293 DC
Seoul 4 Namtaeryeong <> Danggogae 759 048 037 014 035 038 045 091 377 DC
4 Seonbawi <> Oido 640 153 122 003 066 115 195 421 661 AC
5 Banghwa <> Macheon 1007 062 035 026 038 051 073 118 373 DC
6 Eungam <> Bonghwasan 682 015 009 003 008 014 021 031 054 DC
7 Onsu < Dobongsan 1002 078 113 003 017 033 091 321 88 DC
8 Amsa <> Moran 363 074 092 001 008 046 111 251 571 DC
E:r?g Seolleung < Ori 477 132 132 016 051 083 149 427 751 AC
Incheon Gyulhyeon <> Dongmak 572 045 020 011 029 032 071 075 08 DC
Daegu Daegok < Ansim 616 018 012 002 009 016 025 041 09 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
2 Hopo car depot < Jangsan 923 063 058 0.02 008 062 087 179 259 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 maanetic field levels when using AC and when using DC by the train type

in the subway trains in Korea

(Unit : ¢2T)
Train tvoe Power source o.valle
np pcf(N*=14) AC' (N=5) vl
Common 0.29£0.44 2.14+0.91 0.0001
AM* Motor-equipped 0.3740.49 1.74+0.97 0.0620
Pantograph-equipped 0.5140.39 1.75£0.47 0.0018
Common 0.24+0.32 1.36+0.69 0.0196
GM T Motor-equipped 0.224£0.33 1.06£0.63 0.0033
Pantograph-equipped 0.2740.23 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 4944191 0.0111

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

in the subway trains in Korea

(Unit : ¢2T)
Power source
Platform type DCYN'=14) AC"(N=5) P-value
AV Facing 0.06£0.06 0.98£0,51 00877
Isolating 0.0740.06 0.80£0.20 00230
o’ Facing 0.05£0.05 0.78£0.48 0.1188
Isolating 0.06£0.06 051£0.23 00742
05 vercentil Facing 0.10£0.10 2454068 00262
p Isolating 0.11£0.09 2.43+0.33 0.0057

* AM : Arithmetic mean, TGM : Geometric mean ¥DC : Direct current, § N : Number of sample, I AC : Alternating current
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Table 6. Comparison of maanetic field levels at the common, motor-equipped, 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? 2.14+0.91 1.740.97 1.71£0.43 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 0.250.22 0.9747
AC 1.3620.69 1.06+0.63 1.21+0.28 0.7218
All 2.3443.33 2.1742.76 2.2742.12 0.9833
95 percentile DC 0.68+1.48 1.05+1.66 1.32+1.33 0.4944
AC 7.00£2.41 5.5312.80 4.78+1.75 0.3040

* AM : Arithmetic mean, TGM: Geometric mean FDC: Direct current, § AC : Altemating 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 : ¢2T)
Distance Platform type
. . T . P-value
(Train to Platform) Facing (N '=17) Isolating (N=17)
. 80cm 0.52+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
GMT 200cm 0.27+0.49 0.20+0.28 0.5999
400cm 0.18+0.33 0.1440.20 0.6744
80cm 1.3742.48 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, TN : Number of sample
Table 8. Comparison of maanetic field levels by the positions(front, middle, back) in 1 train booth
in the subway trains in Korea
(Unit : ¢2T)
Surroaate Measuring position p-yvalue
’ Front (N$=12) Middle (N=12) Back (N=12)
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 1.631.73 1.61+2.09 0.9759
* AM : Arithmetic mean, T: Geometric mean, ¥: Number of sample
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Table 9. Summary of arithmetic mean magnetic field levels generated from 14 items electric appliances by the distances

(Unit : ¢T)
Electric appliance N’ Oc 30cm 50cm 100cm 300cm
v 10 2.26+1.88 0.1810.11 0.10£0.04 0.05+0.03 0.03+0.03
Refrigerator 10 0.330.25 0.17+0.18 0.11+0.10 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 0.0240.02
PC 10 0.81£1.05 0.04+0.03 0.03+0.03 0.03+0.03 0.0240.02
Hair dryer 10 6.47+10.90 0.1310.12 0.06+0.06 0.03+0.05 0.03+0.03
Electric fan 10 0.18+0.24 0.030.02 0.02+0.02 0.01£0.01 0.01£0.01
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 0.0740.05 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 0.0240.01 0.01£0.01 0.01+0.00 0.00+0.00
Electric shaving machine 9 0.10£0.10 0.0240.01 0.0210.01 0.01+0.00 0.01+0.00
* N : Number of sample
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Table 10. Comparison of dearee of tendencv 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 z
N Degree of tendency N Degree of tendency N Degree of tendency

v 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 -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

TRAAES) 3ol 22 s A9
sk 4B ReHOE Qs 4% 7}
AAE A S74 AR A 718
e Sl

web ool Ak Slaea
Qslo] 13 B HAE G )
B 7 AN2AL 2 AT S
skant a0, olel o 24} 2
s et 2l

1A AT e A7) 4

FE WK A, BRAAE A

—-
=

AEAH 45(ARk] o 201 5)
o] Pt 285 4 TR 7V =& A% W
5 YeERgloH, AFH9S
Sk FTABH (T o AH) Tl
002 uTE 7% o 2713 W43
= YERSITR

2. A= A9 AR A (AF W
of W& A3 5 vlwst A7, o
A1) 749 wFAYQ2.14 pT)o] A
A0.291T), TEAFE] AS wHAY
(L.74 1T)o] AFA(0.37 £T), WE] 12
LapFo] 739 WwRAY(LT5 wT)o] A5
(051 1Tyl vls) FAZ 02 o)t
Al 2 A BETEE eIt

3 A AEYGALY EHE FEi(ET
A3t )8l SR LA, 5
% Wl TR w2 WE
T FAACE fFoF AolE v
2] QFgket,
4. AR PgellA] Abgeh= 7HAAIRE 14

Foll it A A1 e £

~

oL L

=

Alet A} Az QIA7} 769 TR 7
=& AN HEFES UEpgleH,
dloj=eo]71(6.47 1T), ¥ A47|(5.27
©T), TV(2.26 1T), 7133138 1T) 5
o] =02 vEeRgth ek A7t Hold
TE A7 WESTo| 543 Hhashs
0% eI

5. 271 Aol WEEE A1
A717} o1A A el HhlElslo] Aadhe
HFE o, AR AR dist 7
A 271 A719) 7 A A
S w43 Ay, dlejselelr)7) 15 ¢l
3(-1.0208) 0= 7M=& FAA AE
UeRpfiglom, 1 W) BE ZPAAES
1% oJatz VpERTE.

olAko] Awtz Kol
R
2 Ao, ARA
AARY 7HALS
A7) A WEEH T 5
AARES oz Al a S
A Ar) ) RS A 7
A 2krE U 1 olekR YR 9
o} v]=9] A E R o)A
o W FAA e Aer) wgke-S 5
AT ik

o AP
S o

REFERENCES

A Hes =AF
Akt o] w5k

AT, FSA8EIA) 1007,
23: 55-61.

A, 1999 AZAITFZALE A, AL

9 AR,

2000.

Juutilainen J, Laara E, Pukkala E. 1996.

Evaluating  Alternative ~ Exposure
Indices in Epidemiologic Studies on
Extremely Low-Frequency Magnetic
Fields. Bioelectromagnetics 1996; 17
138-143.

Kabat GC, O'Leary ES, Schoenfeld ER,

Greene JM, Crimson R, Henderson K,
Kaune WT, Gammon MD, Britton JA,
Teitelbaum SL, Neugut Al, Leske MC.
Electric blanket use and breast cancer
on Long Island. Epidemiology 2003;
14: 514-520.

Linet MS, Hatch EE, Kleinerman RA,

Robison LL, Kaune WT, Fredman DR,
Severson RK, Hainescm, Hartsock CT,
Niwa S, Wacholder S, Tarone RE.
Residential exposure to magnetic fields
and acute lymphoblastic leukemia in
children. New Engl J Med 1997,
337:1-1.

London SJ, Thomas DC, Bowman JD, Sobel

E, Cheng TC, Peters JM. Exposure to
residential electric and magnetic fields
and risk of childhood leukemia. Am J
Epidemiol 1991; 134:923-937.

Lovely RH, Buschbom RL, Slavich AL,

Anderson LE, Hansen NH, Wilson



BW. Adult Leukemia risk and personal
appliances use. : A preliminary study.
Am J Epidemiol 1994; 140: 510-517.

NIEHS working group report. Assessments
of health effects from exposure to
power-line  freqeuncy electric and
magnetic fields 1998

Preece AW, Kaune W, Grainger P, Preece
S, Golding J.  Magnetic fields from
domestic appliances in the UK. Phys
Med Biol 1997; 42:67-76.

Savitz DA, Wachtel H, Barnes FA, John EM,
Tvrdik JG. Case-control study of child-
hood cancer and exposure to 60Hz
magnetic fields. Am J Epidemiol 1998;
128: 21-38.

s 47 9 AAAES o @ AR 7 ARt 81

Schoenfeld ER, O'Leary ES, Henderson K,
Grimson R, Kabat GC, Ahnn S, Kaune
WT, Gammon MD, Leske MC.
Electromagnetic fields and breast cancer
on Long Island : A case-control study.
Am J Epidemiol 2003; 158: 47-58.

Vena JE, Freudenheim JL, Marshall JR,
Laughlin R, Swanson M, Graham S.
Risk of premenopausal breast cancer
and use of electric blankets. Am J
Epidemiol 1994; 140: 974-979.

Vena JE, Graham S, Hellmann R, Swanson
M, Brasure J. Use of electric blankets
and risk of postmenopausal breast
cancer. Am J Epidemiol 1991; 134
180-185.

Verreault R, Weiss NS, Hollenbach KA,
Strader CH, Daling JR. Use of Electric
Blankets and Risk of Testicular Cancer.
Am J Epidemiol 1990; 133(5):759-762.

Wertheimer N and Leeper E. Electrical
wiring configurations and childhood
cancer. Am J Epidemiol 1979; 109:
273-284.

Wertheimer N and Leeper E. Possible
effects of electric blankets and heated
waterbeds on fetal development. Bio-
electromagnetics 1986; 7:13-22.

Zaffanella L and Kalton GW. Survey of
personal magnetic field exposure. Phase
IT : 1000 person survey(EMF RAPID
program engineering project) 1998



