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Evaluation of Intensity of Extremely Low Frequency Magnetic Fields (ELF-MF)
Inside of Cabins as Generated During Subway Operation
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ABSTRACT

Objective: This study was conducted to investigate the intensity of the extremely low frequency magnetic
fields(ELF-MF) generated inside of the cabins during subway operation.

Methods: The ELF-MF intensity were investigated on 30 subway lines in Korea, including in the Greater Seoul
Metropolitan Area(Seoul and Gyeonggi—-do Province), Incheon, Busan, Daegu, Daejeon, and Gwangju. ELF-MF
intensity was measured at 0.9 m from the floor using EMDEX Il meters with a resolution of 0.01 uT. All data
were collected every three seconds and analyzed with EMCALC 2013 version 3.0B software. Basic
characteristics of subway operation, including alternative current(AC) or direct current(DC), voltage level, and
opening year of the line were investigated. Real-time information during measurement, such as the time of
departure, moving and arrival of trains, were also recorded.

Results: The arithmetic mean(AM) and maximum(Max) intensity of ELF-MF were 0.62 uT and 11.51 uT,
respectively. Compared by region, the ELF-MF intensity measured inside cabin were the highest in the Seoul
Metropolitan Area(AM=0.80 uT), followed by Busan(AM=0.30 uT), Daegu(AM=0.29 uT), Incheon(AM=0.14 uT),
Gwangju(AM=0.04 uT) and Daejeon(AM=0.03 uT). The average ELF-MF level measured in AC trains(AM=1.36 uT)
was also significantly higher than in DC trains(AM=0.28 uT). In terms of the opening year of the subway, trains
opened before 1990(AM=0.85 uT) was the highest and the lowest was 2000-2009(AM=0.24 uT).

Conclusions: The AC supply has the greatest influence on the generation of the ELF-MF intensity in subway cabins.

Key words: alternative current, ELF-MF, subway
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Table 1. The basic characteristics of the subway investigated in this study

Region Line Section s,;lz?t.iocr)js Open year N\Ljir;?;rs*()f Current™ Voltage Type
Metropolitan area 1 Seoul station—Cheongnyangni 10 1974-08-15 174,498 DC 1500 Wide-area railroad
1(Gyeongbu) Seoul station-Dujeong 37 1974-08-15 259,277 AC 25000
1(Gyeongin) Guro-Incheon 21 1974-08-15 173,782 AC 25000
1(Gyeongwon) Cheongnyangni-Soyosan 25 1974-08-15 173,399 AC 25000
1(Janghang) Cheonan-Sinchang 7 2008-12-15 6,109 AC 25000
2 Seongsu-Seongsu 44 1980-10-31 802,358 DC 1500 Urban railroad
2(Seongsu Branch)  Seongsu-Sinseldong 5  1980-10-31 DC 1500
2(Sinjeong Branch)  Sindorim—Kkachisan 1992-05-22 DC 1500
3 Ogeum-Jichuk 34 1985-07-12 327,438 DC 1500 Urban railroad
3(llsan) Jichuk-Daehwa 11 1996-01-30 60,176 DC 1500
4 Danggogae—Namtaeryeong 26 1985-04-20 337,778 DC 1500 Wide-area railroad
4(Ansan) Geumjeong-Oido 14 1988-10-25 62,305 AC 25000
4(Gwacheon) Namtaeryeong-Geumjeong 10 1993-01-15 60,540 AC 25000
5 Banghwa-Sangildong 44 1995-11-15 327,891 DC 1500 Urban railroad
5(Macheon Branch)  Gangdong-Macheon 8  1996-03-30 DC 1500
6 Eungam-Bonghwasan 38 2000-08-07 205,011 DC 1500 Urban railroad
7 Jangam-BupyeongguOffice 51 1996-10-11 375,777 DC 1500 Urban railroad
8 Amsa-Moran 17 1996-11-23 103,566 DC 1500 Urban railroad
9 SportComplex—Gaehwa 30 2009-07-24 182,188 DC 1500 Urban railroad
Bundang Wangsimni-Suwon 36 1994-09-01 211,921 AC 25000 Wide-area railroad
Everline Gheung-Jeondae-Everland 15 2013-04-26 10,087 DC 750 Light rail
noheor 'E”thrgsi;p"” ﬁ]etj’“'Alf;ffr'to’}‘e'mg‘l’”z 13 2007-03-23 81,151  AC 25000 Trunk railroad
Seohae Sosa-Wonsi 12 2018-06-16 - AC 25000 Trunk railroad
Sindundang Gangnam-Gwanggyo 13 2011-10-28 95,712 AC 25000 Wide-area railroad
Suin Incheon-Oido 14 2012-06-30 20,625 AC 25000 Branch railroad
Uijeongbu Lrt Balgok-Tapseok 15 2012-07-01 13,731 DC 750 Light rail
Wooe-Sinseol Lrt Sinseldong-Bukhansan Ui 13 2017-09-02 8,216 DC 750 Light rail
Incheon 1 Gyeyang-Int'| Business District 29  1999-10-06 106,267 DC 1500 Urban railroad
2 Unyeon-Geomdan Oryu 27  2016-07-30 50,440 DC 750 Light rail
Busan 1 Dadaepo Beach-Nopo 40  1985-07-19 170,408 DC 1500 Urban railroad
2 Jangsan-Yangsan 43 1999-06-30 122,175 DC 1500 Urban railroad
3 Suyeong-Daejeo 17 2005-11-28 34,714 DC 1500 Urban railroad
4 Minam-Anpyeong 14 2011-03-30 11,553 DC 750 Light rail
Busan-Gimhae Lrt  Sasang—Kaya Univ 21 2011-09-16 18,854 DC 750 Light rail
Donghae Bujeon-llgwang 14 2016-12-30 8,789 AC 25000 Wide-area railroad
Daegu 1 Seolhwa-Myeonggok—-Ansim 32 1997-11-26 72,684 DC 1500 Urban railroad
2 Munyang-Yeungnam Univ 29 2005-10-18 63,650 DC 1500 Urban railroad
3 chigok Eﬁ?gf—(?jng?“ Uiv. 39 2015-04-23 27,016 DC 1500 Monorai
Daejeon 1 Panam-Banseok 22 2006-03-16 39,702 DC 1500 Urban railroad
Gwangju 1 Nokdong—Pyeongdong 20 2004-04-28 18,709 DC 1500 Urban railroad

* The number of passengers is based on the Korea Railroad Corporation's 2017 Railroad Statistical Yearbook, and the unit is thousand persons/year
T AC; alternative current, DC; direct current
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measurement position (b)
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Table 2. Comparison of extremely low frequency magnetic field intensity measured in subway cabins by region, line number,
current type, voltage level and open year

Region Line AM', uT Max", uT Current™ Voltage? Open year!
Metropolitan area  4(Ansan) 2.69 11.51 A | L
Metropolitan area  Sinbundang 2.58 9.35 A | O
Metropolitan area  4(Gwacheon) 2.05 11.38 A | L))
Metropolitan area  5(Macheon Branch) 1.57 2.21 A (m] L))
Metropolitan area  Bundang 1.57 11.21 A | L))
Metropolitan area  1(Gyeongbu) 1.47 8.51 A [ | o
Metropolitan area  1(Gyeongwon) 1.31 6.29 A | o
Metropolitan area  1(Gyeongin) 1.12 6.68 A [ | o
Metropolitan area  Suin 1.09 4.64 A | O
Metropolitan area  Seohae 1.05 3.92 A | O
Metropolitan area 8 1 5.79 A (w] ©
Busan Donghae 0.97 4.81 A | O
Metropolitan area  1(Janghang) 0.93 5.12 A [ | ©
Metropolitan area  Everline 0.47 2.02 A Ll O
Metropolitan area 7 0.43 8.24 A (m] L))
Daegu 1 0.43 1.27 A (m] L))
Daegu 2 0.39 1.85 A (w] ©
Metropolitan area 5 0.37 1.67 A (m] L))
Metropolitan area 3 0.35 1.42 A (w] [
Busan 3 0.35 1.07 A (w] ©
Metropolitan area 4 0.33 1.39 A [w] o
Metropolitan area 2 0.28 2.99 A [w] [
Metropolitan area  3(llsan) 0.27 0.93 A (w] L))
Metropolitan area 1 0.25 0.93 A [w] L
Metropolitan area  Uijeongbu Lrt 0.25 0.83 A ] O
Busan 2 0.24 1.04 A (m] L))
Incheon 1 0.23 2.09 A (m] L))
Metropolitan area 6 0.22 1.10 A (m] ©
Busan 1 0.2 1.14 A (m] [ J
Metropolitan area 9 0.19 1.29 A (m] ©
Metropolitan area  Incheon international airport railroad express ~ 0.11 0.68 A | ©
Busan 4 0.1 0.90 A O O
Metropolitan area  2(Sinjeong Branch) 0.07 1.1 A (w] ©
Metropolitan area  2(Seongsu Branch) 0.05 0.37 A (w] o
Incheon 2 0.04 0.43 A O O
Gwangju 1 0.04 0.23 A (w] ©
Metropolitan area  Wooe-Sinseol Lrt 0.03 0.15 A O O
Busan Busan-Gimhae Lrt 0.03 0.48 A ] O
Daejeon 1 0.03 0.10 A (w] ©
Daegu 3 0.02 0.19 A (w] O

* AM; arithmetic mean, T Max; maximum, T A alternative current, A\; direct current, § [, 750V, [=]; 1500V,
W 25000V, || @: <1990, ©: 1990-1999, ©; 2000-2009, O; >2010
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Table 3. Comparison of extremely low frequency magnetic field intensity by operation status and current type of subway

o ELF-MF, uT
Situations Current Number of record P
AM(SD) GM(GSD) Max p-value
Departure AC 202 0.76(0.73) 0.51(2.67) 417 {0.001
DC 636 0.21(0.36) 0.11(3.36) 3.10
Total 838 0.34(0.52) 0.15(3.78) 417
Movement AC 9664 1.55(1.66) 0.79(3.73) 11.51 0.001
DC 19635 0.32(0.39) 0.19(3.06) 8.24
Total 29299 0.73(1.16) 0.31(3.90) 11.51
Avrrival AC 2288 0.63(0.66) 0.40(2.75) 5.02 0.001
DC 6412 0.15(0.14) 0.10(2.84) 1.59
Total 8700 0.27(0.42) 0.14(3.34) 5.02
Total " AC 12154 1.36(1.56) 0.69(3.62) 11.51 0.001
DC 26733 0.28(0.35) 0.16(3.14) 8.24
Total 38887 0.62(1.05) 0.25(3.92) 11.61

* Owo-way ANOVA

1 Two-way ANOVA

AC; alternative current, DC; direct current, AM; arithmetic mean, SD; standard deviation, GM; geometric mean, GSD;
geometric standard deviation, Max; maximum
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Table 4. Comparison of extremely low frequency magnetic field intensity by open year and operation status of subway

Intermediate point, uT

Situations Open year Number of record

AM(SD) GM(GSD) IOR p-value”

Departure {1990 247 0.48(0.61) 0.31(2.42) 0.32 <0.001
1990-1999 297 0.43(0.61) 0.25(2.53) 0.16
2000-2009 167 0.11(0.10) 0.07(3.34) 0.14
>2010 177 0.19(0.34) 0.06(4.72) 0.26

Movement (1990 8963 0.98(1.33) 0.51(2.98) 0.80 {0.001
1990-1999 8628 0.77(1.12) 0.44(2.61) 0.52
2000-2009 5967 0.28(0.40) 0.15(3.24) 0.28
>2010 5741 0.75(1.31) 0.17(6.17) 0.75

Arrival {1990 2623 0.44(0.60) 0.28(2.33) 0.25 {0.001
1990-1999 2646 0.30(0.35) 0.21(2.16) 0.12
2000-2009 1772 0.11(0.09) 0.07(2.85) 0.10
>2010 1659 0.13(0.22) 0.05(3.98) 0.13

Total® {1990 11833 0.85(1.22) 0.44(2.91) 0.61 {0.001
1990-1999 11571 0.65(1.01) 0.37(2.64) 0.44
2000-2009 7906 0.24(0.36) 0.13(3.28) 0.22
>2010 7577 0.60(1.18) 0.13(6.07) 0.46

* Owo-way ANOVA
1 Two-way ANOVA

AM; arithmetic mean, SD; standard deviation, GM; geometric mean, GSD; geometric standard deviation, IQR; interquartile

range

Table 5. Factors affecting extremely low frequency magnetic field intensity measured in subway cabins

Independent variable” Non standardized coefficient (B) Stnadard error Standardized coefficient (8) P-value  VIFT

(Constant) 0.054
Metropolitan area 0.108
Operation status(move) 0.379
Open year(=2000) -0.275
Alternative current 1.009

0.012

0.011 0.048 0.001 1.256
0.011 0.156 0.001 1.004
0.010 -0.129 0.001 1.073
0.011 0.447 0.001 1.182

* Reference: Metropolitan area; other region, Operation status; departure or arrival, Open year;{2000, Alternative current;

direct current
1 VIF; variance inflation factor
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24(0.60 pT)oll B3R FefsHAl =%ktH(p<0.001).

5. FXFI XP7IM00 Y
7 24 2
SAF} A7 G wAE 8elo] Rl
A3 9P AISH 2 A9, &3 J, AAFUE,
A% 37 Yoe SYESE o] UEIARNL 4

mjo

;‘%

271 ols £ w(8=0.156) 181 IF AF7F TF
2 w)(8=0.447) SAFT} 27|17 A717F FoloHA St
SFtHp<0.001). A[5Fdo] 20009 o]Fo] AEH 7
$(8=-0.129) FAFT A7 Al7l= FQotA A
Sh= A& YERHTHP(0.001).

V.o #

19749¥ 8¥ 159 A& 134 AR & 20184 6
4 169 AlsiA7HA] fEuetal= & 3470 S49 A
spdo| St 2 A oAM= HolsdAT A=A, AR
A, AHTT ANFSEEE ALg U A 307] 34
< AFHEe R st FAFT AT Al7IE 57t
Stelth B A5 A7 Al71E AEE st
22 4 FEEFADHH I THAHA & oL
o, BAHCRE {3t AJolE ErHp0.001).

Jalilian et al.(2017) o|zte] Hggt Aot of
o2 3t AFoA A7t wRFo| WE 5 AJEE
B SAFE A2 7HEEF=046 4T, AT
=043 4T), +J(FF=0.27 pT, 27F=0.66xT), T4
(A5=0.38 pT, LF=047 pNE BALE 424 =
FEU. B A3 A 2U(FF=0.21 4T, ¥5F
=0.76 ¢T), °1&5(A7=0.32 pT, AF=1.55 pT), =&
(F57=0.15 4T, 27=0.63 1) ol =il 7}
Z =4 UERTE Jalilian et al.(2017)9] A9t &2
A= 2 Aeol gt EF771 5YsHA ZARE T&
ARl AL 3 AHE=E A1 Arrt e e
Hol= Ay w7 AshEoA 9] A7 HAY 420] ]
FEG =4 el Q= Holoh & oA A7
2742 93 ARgSH EMDEX 1= Fuks HY7) 40~
800 Hzol SA50t 99 A7 A%t S-S 5= W7
o] dubdo=z AF HYUFTE=0 H)olA T4
5= AA7)1 A (static magnetic field) < 48 4+ Q1
ot I8y AR A ARk AsHEe A% AR

www. kiha.kr

AU AAo| A= FAFE A7)do] LAYsHA] AR,
Ago] Ag=lo] As HE7} 7FsE A A 9
o AT Yo A7|go] WAET] whZo] AF A
5Hd YRoJAMx= EMDEX 11 & SAFu} z7|4o] &
A2 4 At Bowman et al.(2000)9] 7oA E &
7 AAAE AR AARK2.2 pT, 4 F3H= 168,
156, 324 Hz), 208 ®E(1.4 pT, S4 F3 120,
240, 360 Hz)ollA o2 4 Fut9] SA 51t 2H7]
Zo] vbAigit= Zo] B E itk Park et al. (2018)
2 AF AAAE o83 & AF7] 1380 it =4
Fup A7 Y 22 ST 2 AFVIERE 5
cm "ol AFofA Hoff 50.6 pT F=5o] WAStH
B354t Park et al.(2018)2 H3t 1}5t7] 4 Hof A
T AF A-AE Aok & A37] 458004 S4
FoR7L 54~284 kHzRl SAFT 99 2p7|Ago]
Ask= AS SRt Baskar ok b 2 A
9| A3} A7 AYS o|-8ot= X[otHe] Heoe
o AYo] Fg=o] 7MsE A AT 99 A
717%0] AF MY EEET FAT g Kol
ATt

FSAFT A7)0 FFS vlA= 89 YolH 1A}
33 HESES AAISE 23 2 A oA ==
745, 2000 o]dof 7WEH 4%, AshEo] o]Edh=
w2t 18 W AFTE IFEE Aol A &
719l AZI7t fYstA S7teke Al®E YEHTh
(p€0.001). &3] a7 HAF7H FFE= H9(8=0.447)
A 271 AZlel 71 2 HHY T 1A
= ACE RISt SHHSE Thol| 725t AT
7t EAst=A A5t Sl EAPFSA A (variance
inflation factor, VIF)Z AAsIct VIFEe] 10
ngto g 2| Ueht tE5344d A Sl Al
st

A= AotdZ o s A5 A7 A717F 7+
A =2 peak @o]l E4H A& 4354 (Ansan, 11.51
pT)Z Lukelo] gt S2uet AAES7|(83.3 1T)
I H|WSERE W oF 1/7H) FFEO2 7SS ZI6HA|
= Yot o= BAEEY 34 AAIFS 1A
THE QJIAIE S 7|0 Hls) RA|qk, WA AP F
2 TATRIY AHH|(30 cm, 0.4~34 pT)2= H]SS)
A o 24 ETd= AL & 5 AJAHChung et
al., 2012).

2 A7= 20184 849 Ao E AxolA ==
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Ho

Rro| A|shae qiow oF Aol et s
Aol 4 WS ZAFI 71| A71E S5
7] wEo] i A|sHE AX ol d LWAEe] wE
Sz A7V AZNE T 5 e A xR &
8% % kT Z|gich B AT ATk A51E of
gl ATE0] Aol LA ol g A B8l
Ml e FAOE 7|2 AuE B8 T 5 o,
£3) Ao AR A5 1L sof s A3
4 5599 494 =2 FHSYE 38Y 4 9
S Aol

il

V.2 E

[

2 e AaE e E Aokd 9 F WA=
AR WH O FA T 271 Al71E B7Fskit 2 A
gl G FAFT 71 M7= SE2d X190l 0.80
pTE 7P =9k, B4 0.30 T, ti+t 0.29 4T, Q14
0.14 4T, 333 0.04 T, tHA 0.03 T <=olAtt. A5t
A Az YR A A7 M7= 2l A9
A == A5, 20009 o] NEHE HF-, XL
ol &, 191 wF AR7I TEe Y B F
7HEQoH, 53] 1F HF I FAFo A7 Al

=

7] 71l 7V & IS YERRA
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