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A Study on the Safety of Electromagnetic
Wave of Medical Imaging System
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Abstract

This study was done to provide basic data on the safety of professionals in medical
imaging system by measuring the electromagnetic waves generated in the medical
imaging system being used in medical organization. The studied medical imaging systems
were general X-ray system, computed tomography(CT), ultrasonographic system, magnetic
resonance imaging(MRI), PET-CT and fluoroscopic system, and through these devices,
electric field and magnetic field were measured and analyzed. As a result of the analysis,
the measured values classified by the medical organizations were not much significant,
but in the measurement by the medical imaging systems, there were high hazard
elements in the sequential order of electric field PET-CT(17.7+22.9)v/m, CT(10.3+8.7)v/m,
general X-ray system (8.8+88)v/m, magnetic field general X-ray system(5.06+8.26)mG,
CT(271+453)mG and PET-CT(0.74+0.34)mG, the systems that adopted X-ray as main
ray source, and the more aged the medical imaging systems, the greater the effects of
electro-magnetic waves(10.6£15.93v/m for 5 years or more, 6.14+5.60v/m for 5 years or
less). The effects of electromagnetic waves on medical imaging systems or facilities were
not much when the notification of ministry of knowledge economy is considered, but in
the overall perspective considering all the equipments and facility of the medical
organization, such effects were significant. It i1s determined that sustainable safety
managements of electric field and magnetic field must be done during process from
medical imaging system installation to maintenance to rule out such factors.

Keywords: medical imaging system, electric field, magnetic field, electromagnetic
field
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I AEgoz AR FQ A AFAE BFII] EHX-HAAH], Computed
Tomography(CT), &394 4#%2] Magnetic Resonance Imaging(MRI), PET-CT, %
AGAAAAE gz 20108 8EFol A H WEste] HAAIAE FHsA

2.2 Y
2 AT AL ) dEgygd 59 dsriFdeA YTy Jdg oz ALE F
ol JedgAAAE EFsle] dwX-4A%3x], Computed Tomography(CT), Z 3+

%2, Magnetic Resonance Imaging(MRI), PET-CT, FA1 93742l A 242453 4 =
7143 A7 SR e, ur|vd AARERE, g ve] dApakSAd ot it
FAAE7IZE e SAAR 48U SAAA S GARIAE 25se Aol AU
of FHAE TAcr FAE2AAA AN AU A ARl= AA9SA 7] (model
: ME3030B, %91), 471 Z44$ 1~2000[V/m], 714 ¢l 0.01~20[mGle] =
ARislE 7 54 AulE ol gkt

nE ZAANE JiFy FEAE JeEhWon, SPSS (ver 140) ZRI#WS o] &
slo] vl R He W I EY H2AE(Mann Whitney test) 2 Al p kel 0.05
ekl A5 SAEAA u7t = Aoz AdsA

) e molwe] MR BE AVE FAAN FUAR bl =gl (3500 V/m)E
REeta gtk AZl#elAE CT7F 148 vm 2 7M4 7 vehwd, PET-CT,
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X-ray, Sono, 28] MRI®} Fluoroscopy 7} 247+ 36, 3.2, 22 183 20 £o& 4
> SAANE B B 71#AAE SonoZt 182 v/m 2 7HE =A YEly 3, CT,
Fluoroscopy, MRI, 123l dREX-M42 ¢ PET-CT 7} 2tz 180, 5.8, 34 gL 20
o7 vty Cr|F#olA+= PET-CT7} 474 v/im= 7} =11, X-ray, Fluoroscopy
g3 CT, USG ¢ MRI 7} ZtZ} 108, 34 Ze]lal 20 «2o& wgton D 7]3ol A
£ X-ray 7} 190 v/m=z 7Fg =93, MRI, CT Zgla USG o2 v =443
= HAT<E 2>

< 2> 71EE AR mE A7) S AT
o9 v/m
Fluoroscop
71 & X-ray CT USG MRI PET-CT
v(R/F)

A 32+13 | 14892 | 22 +£08 | 20+ 00 | 36 £ 36 | 20 £ 0.7

B 20+£00 | 180 +47|182+£66| 34+31 | 2000 | 58 £ 0.5

I+

C 108 £+ 16| 20 £ 00 | 20 £ 00 | 20 £ 00 474 £ 129| 34 £ 06

D 190 £ 115| 62 + 66 | 20 £ 0.0 |106 £ 11.7 - -

Total | 88 £ 88 [ 103 £ 87| 61 =78 | 45+ 6.7 |17.7 £ 229| 37 £ 1.7

Note-. Data are expressed as mean with standard deviation, and PET-CT and Fluroscophy
were not installed in D institution. =Tuj7Fe]l=2kl: AFAAYE LAl A 2006-65%
(‘06.7.4) TA71dn71&71E, A17x, 20043 292 AAHACNIRP 71& &8)AA; 35(kV
/m)=3500(V/m) A+A; 83.3(uT)= 833(mG)

32 7184 AAFH e e 3713 ZH A

A7 o571 670 A BT A7 SAAA Suda 7ol =ekl833 mG) = v
=3ka v A 7@ = X-ray7l 190 mG 2 7FF A vEska, CT, Sono
MRI, Fluoroscopy 18]3l PET-CT 7} Z+Z} 918, 257, 1.93, 125 18]3 083 o=
vo =A4ANE Btk B 7@ = PET-CT 7F 049 mG 2 7V =4 YEbsta,
MRI, CT, Fluoroscopy, Sono @1 X-ray 7} Z+Z} 044, 0.32, 0.28, 0.26 18] 1L
024 o2 vty C 7]#o A= PET-CT7F 0.86 mG= 7F¥ =93, Sono, MRI,
CT, X-ray 18|32 Fluoroscopy 7} 2z 0.73, 0.51, 031, 0.29 18] 013 +£o=2 v
gtom D 7@ = CT 7F 1.04 mGE 7FE =9ka, durX-A4x], MRI 2811 =
SHAGFA(USG) cow e F/243%E5 AT 3>,
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@49 mG
Aw | X-ray CT USG MRI PET-CT | ueroscopy
(R/F)
A 190 + 000|918 £ 522|257  0.85] 1.93 = 008|083 + 013 | 1.25 = 0.15
B 024 = 004|032 026|026 £ 003|044 £ 0.03] 049 = 0.14] 028 + 0.01
C | 029 + 005|031 001|073 £ 013|051  0.05] 086 = 050 0.13 + 0.04
D 070 £ 006 1.04 £ 024|042 £ 0.02| 053 + 0.35 - -
Total| 5.06 + 826 | 2.71 + 453 | 0.99 * 1.03| 085  0.66 | 0.74 + 0.34] 056 + 0.52

Note-. Data are exoressed as mean with standard deviation, and PET-CT and Fluroscophy

were not installed in D institution.

33 SA718e A HT A7|FFS A7 va A3

AA 47N YE57IHe] gmgdgxe] d71%e PET-CT7 177 vim 2 7P =&
Z2AAHNE B, CT, X-ray, Sono, MRI 18] 12 Fluoroscopy 7} Z+Z} 10.3, 8.8, 6.1,
45 g 37 o= vgkom 27| Fo| A= X-ray’t 506 mG 2 7HE Ekor,

%

CT, Sono, MRI, PET-CT 1231 Fluoroscopy 7} Z+z} 271, 0.99, 0.85, 0.74 17
056 o2 @& SAHAANE HATE 4>

A71&o A PET-CT SA4#S 7|02 X- rayﬂ-l:‘ FAAL FAdel AA
(p=0.271), Sono, MRI 1¥]i Fluoroscopyt SAIA o= F2&tA PET-CT 7} =
AE H G (p<0.05).

A7 = X-ray SAFS 7FoR CT:E EAZA fFo4dol AdAvH
Sono, MRI, PET-CT =2]i Fluoroscopy®t= FAAS #Fo3 Aols HAG
(p<0.05).

fo &

|

<E 4> AA AR A Hit A7 FH A7) e v

7] & X-ray CT Sono MRI PET-CT |Fluoroscopy
717
88 £ 88 103 £ 87« | 6.1 £ 78« | 45 + 6.7« |17.7 £ 229 | 3.7 + 1.7
(v/m)
2717 0.99 + 0.8 + 0.74 =+ 056 =
506 = 826|2.71 £ 4.53
(mG) 1.03t 0.66% 0.34% 0.52%

Note-. Data are exoressed as mean with standard deviation, and PET-CT and Fluoroscopy
were not installed in one institution. * ; Data were statistically significant difference
compared with PET-CT. ¥ ; Data were statistically significant difference compared
with X-ray.
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3.4 FA A&7t WE A7NFEI A7) vl

>~

471 o=l el 21 A T 5 olet ARS A
& FA= 8 Aol T<E 5> A7
ARG A9l 614 vim B kAR SAA]
M= 5d 23 AR FAVE =2 A3E BRI
2.85, p=0.804).

=
—_

37

==

FA oo, 5 d x3 A}
7} 106 v/m & 54 o]3}
1 2.1 (p=0.916), #7]7l
A ol de ATH1.48 vs.

rlo o
Q A

Lo

L
PN
o & ol

4
¢
1

of
X
o

Al

i

< 5> AA ARSIl wE A 271 Wl

Used durati
sec qutation N 717 (v/m) P-value 2717 (mG) P-value
(year)
<5 13 6.14 = 5.60 148 + 2.42
0916 0.804
>5 8 106 + 1593 285 £ 653
Total 21 8.30 + 10.58 1.93 + 4.26

Note-. Data are exoressed as mean with standard deviation, and analyzed by the Mann
Whitney test.
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Ao olguE AEEyolr)t Avsdn Aol webd A7 2 AR
of BAE AESIA ALEE ARTE 2 FofUdH 2eo) A0 g %}

oz Wakdl gk oled AT Aelsl ol §HE oW 1 GFo| AF v
A% Bel A% AHUA kel A4e 1 Gge] Hush Fabo] A Aol
A e weld Borgow AY ga dvh AARs AAe AfHon duh) Jg
2 vAEse BAE G35 AgHon Afsel ¢, 1 wilel Rad AL HE
of dojt}, dutmoz 54 WA Bo] Al NF F & Ak Selvt o)y
Qurel APonA TAHoR F549 AFAA o7 AF glo] i B
o AR Arel WFHel 19w HHL FxA JsE muvt RFHs dg
i, AARE 9B F 5 A AR 2 AR BAE FRAG Qg FHo
= e FE Qs]

A A% Ao AFo] AF EE 2 F& AvRSE FEALL DA
of BEL Y, FoE, BAA UAS LR 4S9 AvHE 54 AL 5 9
o AATE sgel I Fu4v BobdEE O wmEF AAN 2 SBUAE:
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Tt Sk Fopxlth dwkHowm mAFo] oF 100nmCFFAL oA == oF 12
eV)ET & d o2 HEWArA, olrt 11 HAul= v dEWAbd e
2 B9 o1l E=gk A2 (e}, 9, @9, 299, vfo] a2 s A9 9
X (DA, HeM, 7EABA 2] M X-AM r-Ao] dar o] FolA qUAT} E
X-A, r-AES FH35e] HAAH(electromagnetic radiation)o] gt gt} WA xpstel g
A7) (electric field) 2 A}7] F(magnetic field)o] A7+ 24 F712 < H3H(A
)l st 1 dUAE Fitel| Make des deth ol A Xs 2711 <
WEEe A2 FAola, I MaAwEgs WEwdy 2 zbo|n4].

717 Adstel oal BAE=H o] dakrt Aol A HW A7] % (magnetic field)
< Y A7 Fely AT AAZE =EEHW Aol R (electric current) 7t

A=Y AWl 2 FieA A7 225 AT F Atk AxES A7FS A

[e5
2 ot

ES
Qs A7 AMrIE d¥bd o2 E(electric field)=V(voltage)/m(meter) = WEMY
A AFE A(Ampere)=charge/timeo. = ZA @t 271 &A% Hdale] &) A
Hed Ak Aol A @ o AGET deb f4olW AR AAEHER AU
2= Aol 98 AdETz ¢ = Qdrh A7]%2 magnetic field intensity(H)<k
magnetic flux density(B)Z X3}, = SIv9Z3+= Magnetic field intensity(H) :
A(Ampere)/m(meter), Magnetic flux density(B) : tesla(T)Z ¥ A|3tH 1uT=0.8A/m
o #AA dutxowm FAHAT CGS d¥E FAY F$ flux densityE Gauss(G)E
ZEASF] G=0.0001 THEEuT=0.01G7} AT derAFH o)A magnetic flux
density= 1mG(0.1uT) A=olth A7 =84 JFo=z 7)oy 274
oA AW AF7 FEIHE e AAFYol we Aoyt drh dF5 £

60Hz, 10kV/me] H7]&ol =ZF53U& FEEE /e dFE 0.04A/m?o] st =4
AAAEA = 5 Y GAFE] 1AM 4% A etk 447130 9

Aol AAAdS Adetr] Sl WAV ZY] AEEH V) de] hdE HE AL
A o] kA AL 2T7HA o] AAE o] AANHOR wFHE a5
qE, AYeH wiAAF] A fFalld dFS AASA Kk Adrt
FE = 200mTell gk g7zke] w=Fo] 1%
of Y oS mXA S AUYS & F Atk 200mTolA Al S8 d2(HMEx
o] 30cmolil, AExZA el HAELo] 0.2Sm™! 94 w)107100mAm 2Ake]
FE AN olef 22 HztmE A $-2 AL d7g 2}
7N1goz o] shol=gkel S Adtau e, WHOH AR A7) 74 B 7] =0 A
A4 7tol=ghelel 83.3uT (vlolaz H&EHHE AL TH<E 6>
Tl = AGAAR LAl A2006-665( 06.7.4) THANAMAMIEE; A Tx 2
AREAE 1A A2001-88% THAI9} QAR T FE; A3FRE AA L 7lo]=e}kel
o] 833uT = Aalx Avt9,10,11]. webr B =ForxEs AL RE uA A
2006-653.(‘06.7.4) TANAH7%7E; A17TRES 712D A53.5(kV/m)=3500(V/m) =
Ay 83.3(uT)= 833(mG)) S &3t Axs EAATh
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