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Abstract : The purpose of this study was to investigated the ELF-MF emission level of various
environments such as 258 facilities near located to high voltage transmission lines and 120 high voltage
transmission lines, 17 underground cable lines. In addition, ELF-MF reduction rate according to

separation distance was calculated by using simulations.
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An appropriate separation distance showing below 4mG was at least 70m. In the case of the

appropriate separation distance for 120 high voltage transmission lines, 154kV required 20m of

separation distance and 345kV required 60m of separation distance. The simulation results showed

that the appropriate separation distance showing below 4mG was 40m and 60m for overhead

154kV and 345kV respectively.

To adjust the worst conditions considering the aspects of environmental impact assessment

study and the electric power currents that will increase in the future, the appropriate minimum

separation distance for HVTL is judged to be above 70m in this study. Thus, there is a need to

establish the greenbelt or buffer zone within 70m so as to create an environment in which the

receptors are not exposed and thereby eliminate the risk factors of ELF-MF against humans.

Keywords : ELF, MF, High Voltage Transmission Line, Underground Cable Lines, Emission Level
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LGEHAA R A WA Sh= 60Hz =43 (ELF:
Extremely Low Frequency) A7 %HMF: Magnetic
Field) 2ol w2 A7 g A4t glafiehs ¢
ol Az ke o] =AY dyor BT
AU}, 1Y AR AE TSt g E e =
A A 2 AR B 5 E 3] (ICNIRP: International
Commission on Non—ionizing Radiation Protection)
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(Korea Legislation Research Institute, 2012).
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Civil Rights Commission, 2010), X¢FA A2 e
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Tt Aoksat W] oot A A
T, Al 9 EE A, YATE Soto] A5

9] 27|14 Eo] A ¢JsiA (Adverse Health

ofr

Effect)o] 3 o A5 Uetlle 227 95 2
157 % G tH(Verreault et al., 1990; London
et al., 1991; Lovely et al., 1994; Ahlbom et al.,
2001: Jung et al., 2012), 20014 =AY 4
(IARC : International Agency for Research on
Cancer)= FAA|o A1 &) 2xof W& ATLATE up
FOo R = mG £ A 27142 “Group—
2b(Possibly carcinogenic to human): = G2k
&= oA’ R BEsltH(International Agency
for Research on Cancer, 2001). 20070} H 1%
AA R A7]FH(WHO : World Health Organization)
9] Environmental Health Criteria®| A= =A%
o} 27170l o3k QAUA| ffldat st =g A

(Precautionary Principle)’®] &JA3slo] =2 A4
£ 9t AEAQl g daska Qe Aol
(World Health Organization, 2007).
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(a) EMDEX II

koot AbHFo ATt AgY ArAIH(AA4:
5. 2006) %5 of webd FAFI A7)% =2 A
o|A72)o] BRE 4mG $F 0.2 HA3IAT}

VS|

2 XP7|R WS X 9 2

=<

HI

S
IAZTHELF) 9] 7|4 WSS Z2A5)7]
8] AFR-3E AHH]= EMDEX I(ENERTECH Inc.),
EMDEX Lite, EMDEX II-Linear Data Acquisition
Systemo| t} (Fig. 1), EMDEX®= ®] = EPRI
(Electric Power Research Institute)ol| 4] 7H&3t Al
= "89] Electric and Magnetic Field Digital
Exposure System S 2 4], o] 7]7]= 2] &4 7+
Lol 27179] - 0.1mGol AL, 2t 24 7HsA]
+ 3,000mG, 429 B A7 £3% ©|
o} 2A3%7 5o ZAL Event marker buttond};
Toggle buttons= ]%—5‘} 235 = AFBRe 10D
#7142 Foll = 4 Qleh
(main computer) Oﬂ 45}
el EMCALC 20079] ¢Jsf £E4ak3ict,

A7l EA8FA B8 SPSS version 12,0(SPSS

Institute)2} SAS version 8. 2(SAS Institute, Cary,
NC)= o]gstdict, ndEAAZof| A WAst=
A7 &S BAL t—testQ} EAHLA(ANOVA)

T
ol-gsto] 2fo| & HF ST & AFolAl= A%
Z4717] 7te] A=#eE 98t EMDEX II,

(b) EMDEX Lite
Fig. 1. Photograph of magnetic fields measuring equipments
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S U O & SO 103] ¥ A2 5k, &
AT A7) %k'l Ax] ol 5 2elstalnt, A
A vlzero] AHAl A Al

Holou, A gk 545 getslr] ffsto] A
B+ (Mean) 9 FZH 2} (standard deviation,
D), HA-27HMin—Max), 7|58 (geometric

M), £$14=(Percentile, %)= WERH SiTt,
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=
=
&

N

s
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= s 3

1747), 33 A5 4270, FA /0ol 31
7N, B IWHZ yepgeh 342 A FH
uhe} B85 Adl 66kVE 1770, 154kVa= 2207,
345kVE 21702 LB, o4 A E R ER/E
A3, A5k 9 20m w9k Ago] AGFAARTL
AAT AZEL 6171, 20~50m= 6471, 50~
70m 1187, 100m o]Arel AZEL 15742
A T,

2) A7) WeF 9 oA 4E & E4
A= 1078 A 9e] A7) % HEHS
HFZEEC 9 943 .8mG(GM: 1,6mG) & Yesith =
A7 AL 20 AFEY AN HEFS
6.7+6.7mGo|H, ¥] =291 FEE- 0.8+ 0.
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Table 1. ELF-MF level in accordance with various types of buildings(operating voltage and distance from HVTL)(unit: mG)

Site Number of site(%) | 1Range | Mean+2SD | 3GM P-value Sth 25th 50th 75th 95th
Public house 174(79.1) 0.1-17.9 2.743.6 1.5 0.2 0.6 1.6 3.1 11.9
School 42(19.1) 0.1-31.1 2.6+52 1.1 0.2 0.4 1.1 1.6 9.8
Preschool 31(14.1) 0.3-20.8 3.5+4.6 1.9 0370 0.4 1.0 1.8 32 16.6
Hospital 1(11) 0.5-23.5 4.7+6.5 2.7 0.5 1.3 24 6.3
66kV 17( 6.6) 0.1-1.8 0.7+0.6 0.5 0.1 0.3 04 1.5
154kV 220(85.3) 0.1-31.1 3.0+43 1.5 p<0.05 0.3 0.6 1.5 3.1 11.9
345kV 21( 8.1) 0.4-16.4 3.9+42 2.5 0.4 1.1 24 4.7 16.2
D <20m 61(23.6) 0.5-31.1 6.7+6.3 45 0.7 24 42 9.7 20.5
20 <D <50m 64(24.8) 0.4-16.4 3.142.7 23 0.5 1.5 23 3.7 9.2
50 <D <70m 118(45.7) 0.1-11.9 1.1£14 0.8 p<001 0.2 0.4 0.8 14 2.5
D> 100m 15( 5.8) 0.1-1.1 0.5+0.2 04 0.1 0.3 04 0.5

'Range: minimum and maximum, 2S.D: standard deviation, 3GM: Geometric mean
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Fig. 2. Correlation of ELF-MF emission level and distance from high voltage transmission line. (a) is total, (b) is 66 kV, (c)

is 154 kV, (d) is 345 KV
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2 Uepth, 345kVe] AskR| ol A A7) ik
14 L=0]7}40m o]Akel A= 6,4mG(GM:
mG), 40m °|3}¢] 7-9-= 27 2mG(GM: 18.3mG)
F 4] Jmo] o] 5 BTt 765kVe 9=
A9l o]7} 40m o]t A= 45.8mG(GM:
mG), 40~100m?e! A% 2 3mG(GM: 1.9mG)
208 B=9) 2fo]E el ATt
7%43— SRR AL 7Y =ole} o, A
}ekol| whah 2}7] 4 WhEero] o] 7 WhAYEE 4= 9]
Agk, & Ao A= S04 =o]7F 40m o] s<l
749 154kV oF 20m o4 E A 2ol|l A= 4mG o]
ot) WHERks Belon, oF 60m o] 4E AeloA=

s

N

OH -

¢

8 ooh o o

_119# \‘] [‘_>IL _IO

N
ofi

WEde
345kV 71y SAARE oF 60m oA AZolA=
4mG, °F 80m ©] A€ Ao A= 2mG o|ste] W&
S Hrh 765kV YL AR AL A
100m o)/ o] A€ AgE FAsHoF 4mG ©]st2] At
ol A= Uepyth, =& 19 &
Az euete] Fee Aold 4= o,
115kV ¥ 230kVi= 60m o4} o147 8]5 A 5foF
4mG oJl2 AT 4= 9lom 500kV+ 90m oA
Aok 5= Ao & A Akt YR YA|5h=
20 2 JERFTtHNational Institute of Environmental
Health Sciences, 1998).

7| A RS |

3. uYSHM= AlIZ01M

154kV o] 7 2o H3l7t A A - oA 40m o]
d olAA AN = At A A7 WEFY oF
3.7% 422 4mG ©o|at= el on 50m |47
2o A= dut FAAZENA Q) wiFeEL 2mG
o|5t&2 UrElytt), 2o 70m ] Z¥ Aol A= Hs}
of vjaato] 1.0~2.7% ¢5 2l A0RE YEyt
T}, 345kVe] % 60m o|AHE Ao 2|35}
6.8% 422291 4mG ©o|at& UEh o oF 80m |4
H AgloAl= 2mG o|5tR UERETHTable 2~3).
2o 80m o] AH Ao A= Aste] vusto]
3.4~10.7% 4=2& Bl Ao Yyttt 20134
129 3]0l A b “E-HAA v FHA WA



360 EAFFYII M23H H|5F

Table 2. Results of ELF-MF level by simulation(154kV power line and underground cable)(unit: mG)

154kV power line 154kV Under power line
Distance(m) H:14m H:10m Depth 1.5m
S13A 513A 409
0 51.7 423 29.9
10 28.0 (54.1%) 15.3 (42.8%) 2.8 (6.7%) 1.3 (4.4%)
20 9.3 (18.0%) 7.2 (20.1%) 0.7 (1.7%) 0.4 (1.2%)
30 3.9( 7.5%) 4.0 (11.2%) 0.3 (0.8%) 0.2 (0.5%)
40 2.0( 3.7%) 2.5( 7.1%) 0.2 (0.5%) 0.1 (0.3%)
50 1.1( 2.1%) 1.7 ( 4.9%) 0.1(0.3%) 0.06 (0.2%)
60 0.7 ( 1.4%) 1.3 ( 3.5%) - -
70 0.5 ( 1.0%) 1.0 ( 2.7%) - -
Table 3. Results of ELF-MF level by simulation(345kV power line and underground cable)(unit: mG)
345 kV power line 345kV Under power line
Distance(m) H:35m H:25m H:18m Depth 1.5m
1,453.4A 900A 1,209.9A 1,453.4A 900A 1,209.9A
0 16.7 22.6 1413 85.1 227.8
10 15.4(92.3%) 20.1(89.1%) 54.6(86.7%) 9.4(6.8%) 5.6(6.6%) 15.7(6.9%)
20 12.4(74.1%) 14.3(63.5%) 33.3(52.9%) 2.5(1.7%) 1.5(1.7%) 4.1(1.7%)
30 9.1(54.5%) 9.2(40.6%) 18.4(29.3%) 1.1(0.8%) 0.7(0.8%) 1.8(0.8%)
40 6.5(38.7%) 5.8(25.7%) 10.6(16.9%) 0.6(0.4%) 0.4(0.4%) 1.0(0.4%)
50 4.6(27.4%) 3.8(16.7%) 6.6(10.4%) 0.4(0.3%) 0.2(0.3%) 0.7(0.3%)
60 3.3(19.6%) 2.6(11.3%) 4.3( 6.8%) - - -
70 2.4(14.3%) 1.8( 7.9%) 3.0( 4.7%) - - -
80 1.8(10.7%) 1.3( 5.8%) 2.2( 3.4%) - - -
60 250
® 154KV Power line(513A) o ®  345kV Power line(1,453.4 A)
° O 154KV Under power line(5134) Q 345KV Linderpower line(1.453.4.4)
50 4 200 J v 345kV Power line(900 A)
v 154kV Power line(419A) A 345kV Under power line(900 A)
o A 154KV Under power line(419A) ~ W 345kV Power line(1,209.9 A)
a (g O 345kv Ulllder.pawer line(1,209.9 A)
§_ —— Regression line 5 150 4 —— Regression line
3 2
[y [y
L g
g g

T T T T
0 20 40 60 80
Distance(m)

Fig. 5. Comparison of ELF-MF emission levels of high
voltage transmission line and underground cable in
the same currents(154kV)
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Fig. 6. Comparison of ELF-MF emission levels of high
voltage transmission line and underground cable in
the same currents(345kV)

Electromagnetic Field, 2013)

o|ldE& Al

Algt Ap, A7) e Y 20m o4 ol 4
¢ St dY A w25 Wt 2

=
A=
=



HMMZOIN IHED APIE HEEIt MS0| Bt 67 36

2mG o|afol| =3 A o2 o ZE|tHJung et al.,
2012). 10m o4 Aol A 154kV A FEH R ]
A7 i AVEAIR O] g 4,4~6.7%2]
& H3on, 20m o|4H Aol A= 1.2~1.7%2]
P Y ACE YEglt, 10m o]AH Ao
K] 345kV A5 AR 271 a2 23 A
HpZeko] oF 69, 228 Hlom 20m o| A% A
oA 17%9] #EE B3l A& YehfoiTt, 7k
9 A FHAR FAF A7 1Y BEF AlE
glo]dE AAg A3}, FY A FolekelA] 154kV
7FeE A 2= 10m o] A% AlolA= o oF 9
Hll, 345kV 715 A A 2= 10m o] 2% 72loA =
2o oF 13u A=) ZJol& UER] A5 $HAR
o) Frh pFo] L Aoz B g EaH
UcHFig. 5~6). AF3HE sHH FAFI A7 A
BT = A TE Al AAA 1SS ARt
7] gl &of Azl 744 PAIHAE)E 2 & 4

Slo} A7V AUEL £ 5 97) hizolet

v.ae

2587 AEE AA oA SFAFT 271
S AR A, 4mG o8t o2 YRl 4
% olAA R = 4 T0m o2l AR Yepgon
12071 7+ QAR 0] 2 o] AA el 154kV
9= 20m, 345kV A= 60m= UEbdTh 35t
AEH o) AT}, 154kV A 4mG o]} F 0=
Ueld 24 o] A7 2]= 40m, 345kV 715 SAA
29] A, A4 o|d7g= 60m &2 Uyt A%
Eo|A A7 WETo| 7ty $AMRY WEF

AT A7t FoA BE 27|} WEFE

Ao R FolA]7] fiolth(Hong &, 2008). %A
Aestazol 3 FFH I S-S 7erst ot
o] 27 Yo 2 Z7HE WY Bl 7ielsto] 2
Aol Azt wesh uf 24 24 o] A A g 70m

2Ot BAROE W AFATLI AF
L A4 A9t QB Ae) Hgurks B4
o) gl Tk H2Het AlBHoH A2 hgo
2 54 o AAYUE ANt & Ao Bee
T0m o] A ATt $5Tee Astel 4
AL B EA Qe B ZATOE A5 BT

2193, 2010, (http://info.acre.go.kr/
acre/ board,do?command= searchDetail
&menuld=05060201&method=searchDetail
ViewInc&boardNum=14281&currPageNo
=1&confld=29&conConfld=29&conTabld
=56&conSearchCol=BOARD_ TITLE&
conSearchSort=A BOARD REG DATE
+DESC%2C+BOARD_NUM+DESC),

Q14 g, 2006, 1LYSH AR Axpute] dhgh
L R S M e B P

AEA, A7, BHA, 284, B84 2012, 7)

)
H
e
oft
B o
i ©
of
=
31;
4
o
1o
41
ED
N
_\;1

St A A, 2012, (http://library. nier.go.
kr/search/Detalview, ax?cid=5514267).
32pp.

SHAR. 1997, AApaE QA Ha)E ARE Sl
ZAMAAE,

5
g3, 324,

Ahlbom, A and M. Feychting. 2001. Current
thinking about risks from currents,
Lancet. 357: 1143-1144.

Cooper, T.J. 2013. Occupational exposure to



362 EHIYEI 23T M55

electric and magnetic fields in the
context of the ICNIRP guidelines.
Chilton, Didcot, National Radiological
Protection Board, NRPB-W24.

Electric, Magnetic and Electromagnetic Field.
2013. Newsletter. 18: 14-15.

International Agency for Research on Cancer.
2002. Working Group on the Evaluation
of Carcinogenic Risks to Humans. Non-
ionizing radiation, Part 1: Static and
extremely low-frequency (ELF) electric
and magnetic fields(Monographs on the
Evaluation of Carcinogenic Risks to
Humans, 80). Lyon, IARC.

International Commission on Non-lonizing
Radiation Protection. 1998. “Guidelines
for limiting exposure to time-varying
electric, magnetic, and eletromagnetic
fields(up to 300 GHz).” Health physics.
74: 494-522.

Kabuto, M., Nitta, H., Yamamoto, S.,
Yamaguchi, N., Akiba, S., Honda, Y.,
Hagihara, J., Isaka, K., Saito, T., Ojima,
T., Nakamura, Y., Mizoue, T., Ito, S.,
Eboshida, A., Yamazaki, S., Sokejima, S.,
Kurokawa, Y., Kubo, O. 2006. Childhood
leukemia and magnetic fields in Japan: a
case-control study of childhood leukemia
and residential power-frequency magnetic
fields in Japan. International Journal of
Cancer. 119(3): 643-650.

London, S.J., Thomas, D.C., Bowman, J.D.,
Sobel, E., Cheng, T.C., Peters, .M. 1991.
Exposure to residential electric and
magnetic fields and risk of childhood
leukemia. American Journal of
Epidemiology. 134: 923-937.

Lovely, R.H., Buschbom, R.L., Slavich, A.L.,
Anderson, L.E., Hansen, N.H., Wilson,

B.W. 1994. Adult Leukemia risk and
personal appliances use. : A preliminary
study. American Journal of Epidemiology.
140: 510-517.

National Institute of Environmental Health
Sciences. 1998. Assessment of health
effects from exposure to power-line
frequency electric and magnetic fields.
National Institute of Environmental
Health Sciences Working Group Report,
NIH Publication No 98-3981.

Verreault, R., Weiss, N.S., Hollenbach, K.A.,
Strader, C.H., Daling, J.R. 1990. Use of
Electric Blankets and Risk of Testicular
Cancer. American Journal of Epidemiology.
133(5): 759-762.

World Health Organization. 2007. Extremely
low frequency fields. Environmental
Health Criteria. 1, 238.

References

Ministry of Environment. 1997. Research of
EMF guidelines for human exposure
levels.

Korea Legislation Research Institute. 2012.
(http://library,nier.go.kr/search/Detalview.
ax?cid=5514267). 32p.

Anti-Corruption & Civil Rights Commission.
2010. (http://info.acrc.go.kr/acrc/board.
do?command=searchDetail&menuld=
05060201 &method=searchDetail Viewlnc
&boardNum=14281&currPageNo=1&conf
1d=29&conConfld=29&conTabld=56&co
nSearchCol=BOARD_TITLE&conSearch
Sort=A.BOARD REG DATE+DESC%?2
C+BOARD NUM+DESC).

Ahlbom, A and M. Feychting. 2001. Current

thinking about risks from currents,



STMZ0IM X0 X7 1E SeFE7E o)l et A3 363

Lancet. 357: 1143-1144.

Cooper, T.J. 2013. Occupational exposure to
electric and magnetic fields in the
context of the ICNIRP guidelines.
Chilton, Didcot, National Radiological
Protection Board, NRPB-W24.

Electric, Magnetic and Electromagnetic Field.
2013. Newsletter. 18: 14-15.

Hong, Seung Cheol, Joon Sig Jung, Keun
Young Kim, Hyun Ju Park, Sung Ho
Choi. 2008. Evaluation of the Magnetic
Field Exposure Level in 60Hz High
Voltage Transmission Lines Nearby
Residential Area. Korean Journal of
Environmental and Health. 34(1): 27-33.

International Agency for Research on Cancer.
2002. Working Group on the Evaluation
of Carcinogenic Risks to Humans. Non-
ionizing radiation, Part 1: Static and
extremely low-frequency (ELF) electric
and magnetic fields(Monographs on the
Evaluation of Carcinogenic Risks to
Humans, 80). Lyon, IARC.

International Commission on Non-lonizing
Radiation Protection. 1998. “Guidelines
for limiting exposure to time-varying
electric, magnetic, and eletromagnetic
fields(up to 300 GHz).” Health physics.
74:494-522.

Jeon, In Soo, Kim, Han Na. 2006. Exposure
limits of Magnetic fields in the high-
voltage transmission lines, Korea
Environmental Institute.

Jung, Joon Sig, Keun Young Kim, Seung Cheol
Hong, Yong Sung Cho, Yoon Shin Kim.
2012. Estimation of ELF-MF Exposure
Level of the Korean Population through
24-Hour Personal Exposure, Korean

Journal of Environmental and Health.

38(1): 18-30.

Kabuto, M., Nitta, H., Yamamoto, S.,
Yamaguchi, N., Akiba, S., Honda, Y.,
Hagihara, J., Isaka, K., Saito, T., Ojima,
T., Nakamura, Y., Mizoue, T., Ito, S.,
Eboshida, A., Yamazaki, S., Sokejima, S.,
Kurokawa, Y., Kubo, O. 2006. Childhood
leukemia and magnetic fields in Japan: a
case-control study of childhood leukemia
and residential power-frequency magnetic
fields in Japan. International Journal of
Cancer. 119(3):643-650.

London, S.J., Thomas, D.C., Bowman, J.D.,
Sobel, E., Cheng, T.C., Peters, J.M. 1991.
Exposure to residential electric and
magnetic fields and risk of childhood
leukemia. American Journal of
Epidemiology. 134: 923-937.

Lovely, R.H., Buschbom, R.L., Slavich, A.L.,
Anderson, L.E., Hansen, N.H., Wilson,
B.W. 1994. Adult Leukemia risk and
personal appliances use. : A preliminary
study. American Journal of Epidemiology.
140: 510-517.

National Institute of Environmental Health
Sciences. 1998. Assessment of health
effects from exposure to power-line
frequency electric and magnetic fields.
National Institute of Environmental
Health Sciences Working Group Report,
NIH Publication No 98-3981.

Verreault, R., Weiss, N.S., Hollenbach, K.A.,
Strader, C.H., Daling, J.R. 1990. Use of
Electric Blankets and Risk of Testicular
Cancer. American Journal of Epidemiology.
133(5): 759-762.

World Health Organization. 2007. Extremely
low frequency fields. Environmental
Health Criteria. 1, 238.



