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BB, LrL, INETOFRECIIHEHEE
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I & B A DA O B BRI O W Tkt
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% CTARFE T, FBEICER CERAINT
W5 MRIZEIZOWT, v I —FBEICE
T AEREBEBROFHNET, KHOBERIEE
RS L OX A S LRF OBE L~ % 3
L7z.

%72 LRF OP#EFE & LT, BRFEY—IV
FEMZIGHE L7- MRI EBHASEE /057
X —ERELI.

i REE

MRIZE L, BEEREAER 15T © GE #
#1 SIGNA Horizon LX Rev.8.2 (ZEEA) L&
BEEERT L 2L MAGNEX150XP (35EB), ¥
XUOF =TV AV ) —ThkAWEAERE 02T
@ GE #:#L Profile (#5& C) ##HH L7z (Fig.
1).

BB RIEEREL, TV - dvx—=<v
#2 EMR-300 3 L UBHH =@~ 17— Type
8 (ERTCESFEE « FEHEF 100 kHz~
3GHz) #fFA L, LBEOWESL (HIF)
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Fig. 1. MR equipment.

A : SIGNA Horizon LX (Superconductive magnet 1.5 T ; GE).
B : MAGNEX150XP (Superconductive magnet 1.5 T ; Shimadzu).
C : SIGNA Profile (Open type permanent magnet 0.2 T ; GE).

CNEa VY i — A —EHAGDE THER L
(Fig. 1). /A Cld, LRF OBERBE
BRENS L L, 6 5HOTHEE— FO LB
MMEFHAE— F a2 BEER U CER L7:.

W o VOARICIE, BREERESERAIR
W (fkE50~60kg) SIFIFHEMELS LD,
2 mmol/l DFERSFEILT b U Y AKBRE T
B LRk 7 v b AEER LD,

BRI —IV FEM & LT, WARLEANLY
Mo % @A L.

Vil &

1. LRF OB FEERIE

FEMRIZEBOT Y P —FEHFIC, KrbD
BEEMARBPOLEELVEIESR a~d FRE L
7= (Fig. 2). £WPERICBWT, [{E7 7 v
F ABREBEEOEF N ERME Y 6 5 HFHE
TRAA L7

BBk, BKTHEFELHAIN T4 fast
spin echo B (FSE) 1C & % T: FAFZEER T,
BBEFETIIRTOEBTEERKE LA

(Table 1) [TR=4000 ms, TE=100 ms, slice
16, echo train length (ETL) 16 (& A, &EE
B) kU'14 (FEECO].

¥7, FF|BEEONy 7 757V F (BG)
T EHIEBOWPES a T L7z

EEIFEERS R EZ B4 (ICNIRP)
B, —RARICH L TCEDABERABEDOEE LV
~JU (Table 2) CHIFEMBBEEXEL, KEIC
BIFAHLRFOBEL IV EFM L0, B
2, PRET 7 P ARKEDS kg DFHE &
ET 5T & T, REIC K AHBE O FBHK
B % whole-body averaged specific absorption
rate (£&F¥H SAR) THHfi L, BHRED
B HEEBA L CRILE L.
2. XEBEBWEEN & LRF OBk

EBBICBWTRFARAT—=TVITDT v 7
F—¥ g /%, 9575 120 £ T05dB F>
T THREL, BIESd TOERRER
RBlfE%x 1 oMl L. ThZEhDT v 53
—¥ a VEERERGE A VIEEEINSERAER
JHEICEE L, AEEAKEED L LRF OBfR
I oOWTHRHZIT- 7.

1998410 A 14 ASEE 1998 4F 12 A 9 HILGE]

BIFIEERAE  FT470-1192 BARERAHAHETHE S E 1-98 BRKEEEXEEFREMRESSE 1LH

ez
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Fig. 2. Measurement points.
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These points were decided around each MR equipment for E-field meas-

urement.

Table 1. Pulse Sequence Parameters

Table 2. Limit of E-field Strength for Public*

Scan parameter Fast SE (T, WI) Frequency (MHz) E-field strength(V/m)
TR (ms) 4000 8.5 29.8
eTE (ms) 100 64 27.5
FA (deg.) 90 * 1998 guideline of International Commission on
ETL 16(AB) 14(C) Non-Ionizing Radiation Protection (ICNIRP)

No. of Slices 16

No. of SAT 2 3. &5&F¥ SAR & LRF OBtk
Est. SAR 1.2(A) ; 0.1(C) APETE, FESSkg OPHRHE L ME L

TR: Repetition time

eTE: Effective echo time

FA: Flip angle

ETL: Echo train length

SAT: Presaturation pulse

Est. SAR: Estimated whole-body averaged specific
absorption rate by SIGNA system

SE: Spin echo

A:1.5T MR equipment (SIGNA Horizon LX)
B: 1.5 T MR equipment (MAGNEX150XP)
C: 0.2 T MR equipment (SIGNA Profile)
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TR 7 v P AREBEA THREL, &25F
¥)SAR & LRF OBRIC > W THEF % 1T -
Jo. ®fEy — 74 AL, spinecho tt (SE),
spoiled gradient recalled ¥ (SPGR), FSE,
$ L U 3D-gradient echo ¥ (3D-GRE) & L7z
(Table 3). HRBIC BT HEELAI TOE
RERREES 1 o MEHI L, MRIZEEPER
L7cRtE7 7 v b ADEHF¥ SAR - BARE
BERIEED 1 45 E 5 E % R L7z,
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Table 3. Detail of Pulse Sequences

Sean SE | SPGR | FSE | 3D-GRE
parameter | wr | T, WI | T,WI | MRA
TR (ms) 600 | 250 | 4000 54
Thorell |15 18| 95 6.7
FA (deg.) 90 60 90 30
ETL 1 — | 1 —
No. of Slices 18 18 18 80
No. of SAT 2 |2 | 20 | 2@
Option — — XL MT
%%ﬁ%R 1.2 01| 07 11

TR: Repetition time

TE: Echo time

eTE: Effective echo time

FA: Flip angle

ETL: Echo train length

SAT: Presaturation pulse

Est. SAR: Estimated whole-body averaged specific
absorption rate by SIGNA system

MRA: Magnetic resonance angiography

MT: Off-resonance presaturation RF pulse for mag-
netization transfer contrast

XL: An enhanced 2D FSE pluse sequence with SIG-
NA Horizon LX rev. 8.2

F: Chemically fat saturation pulse

SE: Spin echo

SPGR: Spoiled gradient recalled

FSE: Fast spin echo

3D-GRE: 3D-TOF-gradient echo

1) Hv bU—EETORE

HEPRF MRI 258 CH M S N5 B RHE O
BEAEEICEI LT, BRI Y —IV FEREM (N
WY L) OERMEEBRE L.
ERAEOFOEFEK S, 63.8 MHz O MRI
HEEFEB LU858MHz D MRIZE & C % i
AL, BELEHETIHELEIRALE L. B
BREEBO O -T2V LI TEW
(Fig.3), ZEBOHERIBLUTEECOD
BIE S a i BWCESRERBEL 1 5 FEEt
HL 7.

Fig. 3. E-field measurement with an electro-
magnetic wave shield fabric.

A shield ability of the Hertz II was examined
by E-field measurement around MR equip-
ment.

BERABREWEM/DO 145 HEFHEL L1 T
SR LR e S COBRMEME LU BG
BEREEL, ~VY T OB % - L7z
2) AF % VIV—AAD O COBEIE

E R OSLRER 63.8 MHz O MRI %
BAZFERL, ®EEMFITTTES D 3D-GRE
L L7z AF % VIb—ADAD OfHTICEIE S
e m#@E LN (Fig.2). ZOWEL e T, ~V
v LR &SRR LU BGEICOWT
6 pEOBRABREFHEZAR L. o, 8
TEE@DY —IV FRAEE T D EARE #RIFKIC
SHEIL/z.

3) MRIZBASRE /057 2 —DER

FHEAD DB IV 2)O/RES5S% %, LRF
OP#ER B LicmRE#ER KRS JUT
OVEEBZREL, ~ YT ERCTRELE.

] R

1. LRF OEFRMERAIE

£ MRIZEICKT 5 ERAREREMEE Ta-
ble 4 [IZ/R L7z,

BEER AL MRI £& T, & B OflE
mAdICkiTABERBEY, EET15.1V/m &
oo, FiCEGROBEFBENEMIL, R

37



ARiESE #19% 1% (1999)

Table 4. The Results of E-field Measurement

E value(V/m)
Measurement point Equipment
A B C
a 35 5.5 14.7
b 4.6 3.1 14.6
c 2.8 3.5 2.9
d 5.7 15.1 11.2
Back ground 0.1 0.1 0.1

A: SIGNA Horizon LX 1.5 T
B: MAGNEX150XP 1.5 T
C: SIGNA Profile 0.2 T open magnet

Table 5. The Relationship between Transmit RF
Power and E-field Strength

Attenuation value | RF power (W) | E value(V/m)
120 100 10.5
115 212 11.0
110 337 11.5
105 478 12.0
100 636 12.5
95 814 13.4

Attenuation value: Attenuation of RF power am-
plifier out put

RF power: RF power going into the RF coil when
loaded with torso phantom

BIFICHEIE L7 BGE 0.1 V/m &K & < LE
-7z,

—F, A=T VAV ) —DKRABER
MRI & C Ti, BEESBEESRaICBIT 5
14.7V/m bir o7z, THIZEEB A BIUEE
BDa itk 2BAMEICHL T, 2.6 fFL
FoEMETHY, LRFOBABEICEBKF
HERDI.

AFERTE, WIhoBa s ICNIRP A%
HLBRABEDEE L)L 275 V/m % T E-
7z.
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Fig. 4. A relationship between transmit RF
power and E-field strength.

This result showed a correlation between the E
value of leakage RF and the transmit RF pow-
er. The correlation ratio was 0.995.

MRk 7 b A %MEE 55 kg O & 48
ELHE, 2H5 FHSARIZEEA T1.2
W/kg, 2B CTO01W/kg 7. TDO%E
R, BBEOBRBEREERIL, 15T O0EE A R
02T DEBECICHLT, 10N EOEMEE
2B EREINT. (Table 2).

2. XESRKEES & LRF OB

EAEENEL L OEARMERIEEA Table
510 L. BRMENEMEIXEBRAKRESN
HE L<HBL TR (12=0.995), HEEEE
WENBKE x5 HREOHBERIT Y, LRF
DT AER %R o7 (Fig. 4).

3. &&¥# SAR & LRF OB %

WBY—r VAT L DL HF I SAR FER
SREERIENE & O H#c A Table 6 IZ7R L.

EHFPHSAR B bEE L n - 72D,
SE I X5 T s#RE G OHE T 1.2 Wikg, =
DEEOERBET64V/m Liro/. -,
4 5% SAR 3 1.1 W/kg #7~ L 7- 3D-GRE
KEH®mETIE, BRBEN6.6V/m &b
wEfEZmR L.

—7, £5F¥ SAR 2 0.1 W/kg THIEHE
£ 7> 72 SPGR TiE, BRMEN43V/m &
Tro7z.
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Table 6. The Relationship between Whole-body

SAR and E-field Strength
Pulse sequence Whglli-l%()dy I%&’fll%e
(W/kg)
SE 1.2 6.4
SPGR 0.1 43
FSE 0.7 5.3
3D-GRE 11 6.6

SE: Spin echo

SPGR: Spoiled gradient recalled
FSE: Fast spin echo

3D-GRE: 3D-TOF-gradient echo
SAR: Specific absorption rate

ZORR, R—EBEICL AR LEREDOERER
TiE, BieEOBERBEFERENKE kARG
{2 Y, LRF 2 Ens A@Em%ZRD7:.

4. B Y —IV FEMOBNE
1) Hv b U—EETOHERR

EEBBLUEECILKIT A2ERBEE
R % Table 7 12 L7z,

BRIE Y —IV FEEIVY T2 ER LIS E
OBFRMBET, BEEBH011V/m, EECH
0.15V/m &7 0, BRMET VY TIREH
RrD 1 %RREEITHES L7c.

ZHICED, BRAMRIEZECTHEAINS
8.5MHz ¥ L 164 MHz O EREPE > — IV FiC
BSLC, "y MOBEMEEZRDOT-.

2) AF ¢ VIN—LAY BFHE TORERER

B A ORES e ICk HEABEMEZ Ta-

ble 8 {Z/R L7z,

TV P —mbt5icENnze R TLHER
BOBER®BET 1.3V/m 270, BG{EO0.1V/
miZHLTI0REUEL o/, CDEE, #
EEROBRMBEIL0.05V/m L7720, v—i
FEEIC & 5 LRF OREEs#FD7-.

—7, WER e TNVY I EERLICEE,
BEAMEL0.16 V/m 720, BGEEEICH
L7z

Table 7. E-feild Measurement with the Hertz 11

E value(V/m)
Equipment
Control | Using Hertz II |Back ground
B 15.1 0.11 0.08
C 14.7 0.15 0.13

B: MAGNEX150XP 1.5 T
C: SIGNA Profile 0.2 T open magnet
Control: without Hertz II

Table 8. E-field Measurement at Point ‘“‘e”’

E value (V/m)

Equipment Control | .Using | Back | Operation

Hertz IT | ground | room

A 1.25 0.16 0.10 0.05

A: SIGNA Horizon LX 1.5 T
Control: without Hertz II

3) MRI%&EBRAGEEE /077 Z—0DRLF
B Y — IV FRENVY T FERT A &
LD, BEEEEIERERT 5K L K
LT, fAIbZABDTWERENEAKRZRAE
TAHTENRARETH -7z T, WHEICHE
BOEPERTELLOBEOHEL /O VS
AEL7.
ECEBREARICE, mAloRs v M
Sl vELERIT 57 8, MRI OFEx
TFEBRIERPERB L/-TE%M Lz (Fig.5).

Z 3

—IC MRIZEBE CHERAIN A SRR, %
DORBEB P BEEREIL L > TREINS. E
EEPEDSHITA P54/ Tk, BKA MRI
BRI A HWAREORE N 0.15~1.5T
ThHrW. TOHE, BEREBECBFSIhLIE
BEORBERT, S—7RICk D 6.4~64
MHz ¢7:x 5.

Saunders 5212 I hiE, BRAEOZE G
Bk 24mENEET, BRI 1IELE
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Fig. 5. Protective gowns using Hertz II.
The protective gowns were made by using the Hertz II.

LR UIBEOEGRIGE LTH b5, £
D7z, MRIREIC 51 AHHE OKE LM
BEEO LRI oW}, ThE T« DR
BTNV~ B, ThoOME LR

& L THHRE O B HRIC B+ 5 R e e
EOLNTNAYDD,

—7i, MRIBREIZA <L X v TR
F o VL= LN THERBICH EHS LIS S
R OBREL, TAET 1990 FITR S
B RS Y O g L s, LaL, B
serh st (1985~1997 48) 17 L AR it
BB LS xR & LS AREE IR A5
i%Mm%%%%@%ﬁ%kbf%ﬁbt%

BROENE. COBEEL S, BEREM
Mm EEICBTAAV P —FHBROERKE
FeRAL, BRTEAINTHLBREEICD
W, ZTOBRELVIVEBH ST L.

x&%#%fi BAREED T B ) —REET

& 15.1V/m OBABE 2RO/, FERER
@A/777vvhﬁa®mﬁ@%,:@%%
FEEFIASLICTV P —hbRIVT 55
¥ LRF) LX5b0bE2ONE. Fik,
FTRCOBPEMIL, ICNIRP OED 55 LA
W TE-TEYD, BREOEFFEICKT5
BEOHAI P LEETNI, BOON-BE
VSV TORBIERIZREZ 0 ER W EE2 bn
5.
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O MRI #& Tl, BRSO 2 ICHBEOREH
BB AN BB IS bbb, H
VEFY BB ABEREEIIBEERL
7o, A—T7VEIMRIZERB, A&y 72FKKE
ﬁ%ﬁ%:ﬁ%%ofﬁﬁ%mﬁﬁézaﬁﬂ

BBTHHcD, TOBEREZEICEE > TV
5.$t,i TR MRIEE % WA v
& —~/Y g3 F)0 MRI OB BERS, BBET
LMEINTENOWD, LHBER S5 EED
N5, CNOOEAPL, WAETHEd A1
DA =7V MRIEEICOWTIE, Bk
PHETH5.

W KRR RIT, FHT 5 MRI
EELHBEE, BEICHEHEEOEVIC L - T
LRF OBE VNP K E S B AR %R
Bl Bxld, O ERTHICRABEINT
WiEWERICRE WL, BAETOTF 7 X —ik
E, EFEOBEREAREET S EREET
BhHEEZT.

LRF ic 3 55 2 HBEHEPRD BN
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LI EMTEN. T2, ThORIERERTA
CEMAEETH Y, LRF OBRE T HEWICS
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£5FZDPI L ERBRBENO N L L BEH T 5F
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KOBEENOEABBR LTV E2.

AR TIIERSGREERE & LT, KEFA
DRERASE L BEFRUER =M 70— 78 LU
FEBUHNES YA VE 2 —2 LA ED
BTCHEHA L. Thick), EREETCOR
ERWRE L 2D, BEER LA RHREOHE
TR LB RREREN T2/ EE LS. &
7o&EE, LREF OBELVNIVEBART S &0
OSBRI D, BREEDADBEZT -
7o, BRBEOAGEE L EICRRT T A%E,
HER (=277 4=V F) &/’ MRIEEER
BT OWTIHE, WARELHET HUNERD
%9 L L, MRIZE Cid & BRI
Z, BRSESERS T & DR ARSI EBE
FRICEBERSNS. ZD/®, LREF OB FRE
TR EBICB W CHIET 5 2 L IXEER XL >
KEbNn S, xid, BRABELYEH7/LRF
OFHMFTERHELIND T LA TWAS.

BTOETIE, BRESETI LD L TABIE
REICH L T ZEOAEE- T, B
Wl O E R EREICEHIT 5 2 L ARD B
NTW5. MRIREICED AEREHE L,
HEAWITITON TV HEE 4 A ER L TE
SHBERBDHEEZD.

& Bl
ERSERRICN T MBS E 57

7, MRIZEEOR 2 \ & AREIC OV AR
ﬁﬁ%ﬁo 7o

Fexid, BBFPOT VY AT DR
ZVWEAEOBRBELVNVEBRL, ZOETF
BELT, MRIZERGRE /077 2—%
ERL.

s 2 —ORBRRERT, WEAE
OB T Tl <, BEREBREICST 5
REZBERTAEMNTLERATHS EE 2.
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Biological effects of electromagnetic fields and

Protection towards Effects of RF Field around Clinical Magnet
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The purpose of this research is to investigate a leakage radio frequency electromagnetic field
(LRF) around clinical magnetic resonance imager (MRI) and to propose a way to protect the attend-
ant who are by patients in a scan room from the LRF.

In this research, we measured the LRF around MRI and made a protective gown by using “Hertz
II”” which is an electromagnetic wave shield fabric.

The result of our research showed that the LRF depends on MR equipment. The highest E value
was 15.1 V/m at the back of MR equipment with a superconductive magnet (1.5 T). The extent of
measurements did not exceed a limit value for the electromagnetic radiation in the 1998 ICNIRP
standard.

All the same, it is clear that the attendant are exposed to the LRF from MRI during MR ex-
amination. The Hertz II was effective fabric for reducing the LRF which was between 8.5 MHz and
64 MHz. Therefore, we suggest using the protective gown which is made of the Hertz II as the way
to protect the attendant from possible hazards and fear of the LRF.
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