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Abstract—In recent years, the development of new technologies using static mag-
netic fields has increased the possibility of human exposure to these fields and
raised some concern as to their possible health effects. In several countries, govern-
mental or other competent authorities have issued exposure limits that are mainly
intended for specific uses, i.e., magnetic resonance imaging (MRI) and particle acce-
lerators for high-energy physics. Since applications of magnetic fields in industry
and medicine are likely to grow in the future, thus increasing the possibility of
occupational and general public exposure, and since the number of people with
ferromagnetic implants and implanted electronic devices that can be affected by
the fields is growing, there is a need for international guidelines.

In the present papers, guidelines on limits of exposure to static magnetic fields
are selected and discussed in order to review the guidelines of the International
Non-Ionizing Radiation Committee of the International Radiation Protection Associa-
tion (IRPA/INIRC) for non-ionizing radiation(NIR)
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Table 1. Radiofrequency electromagnetic waves
RF band designation

Frequency(MHz) Band
0—3X10° SELF
3X10°-3X10* ELF
3X10*-3%X10° VF
3X103-3X10%  VLF
3X10%2-3X10* LF
3X101-3X1° MF
3IX10°-3X100  HF

Description

Sub-extremely-low frquency
Extremely-low frequency
Voice frequency

Very-low frequency

Low frequency

Medium frequency

High frequency

3X10'-3X10?°  VHF . Very-high frequency
3X1P-3X10°  UHF  Ultra-high frequency
3X10°-3X10*  SHF  Super-high frequency
3X10°-3X10°  EHF  Extremely-high frequency

3X10°-3X10°  SEHF Supra-extremely-high frequency
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Table 2. Static magnetic field quantities and corres-
ponding SI units.

Quantity Symbol Unit
Current I ampere(A)
Current density ] ampere per square meter(Am?)
Magnetic field strength H  ampre per meter(Am™)
Magentic flux ¢ weber(Wh)=volt  s=Tm?
Magnetic flux density B tesla(T)=Whm?
Permeability u  henry per meter(Hm™)
Permeability of free space  py  po=4nX107 Hm
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Table 3. Conversion factors for units.

From® T G v Am* Oe
T 1 10° 0 79%X1° 10*
G 10* 1 0 796 1
Y 10° 10° 1 79x10¢ 10
Am? 1257X10° 1257X102 1257 1 1257X10°
O 10° 1 1 96 1

Symbols : T=tesla(1 T=1 Whm?), G=gauss, y=gamma,
A=ampere, Oe=oersted
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IRPA/INIRC®] 50—60 Hz, 10 mAm?¢] o] ujsh
N1EAH] =E2HRS} BeFHA ¥e33]

200 mTol| =25 & diFH 22 QA9 &
FLHE AF9=ed AVF e Ak & 4 Qi
oM e =719 Hge RS volL
o]¢} A4E o)FE= A&EUryl BY W vBeh Zrh
Ao A WEEe 4& BT 5100 cm’, tiEHe] F
& 16 cmz 7HAEE diEWe] B REEE
24919 BollM 27 42 cm7t Btk o] RSEF
o8] 200 mTe] 3 AEEEE WER S 11\%7}»‘&
AY 84 mVm'e AL F=3Ik diEY el
Frd A% dolo Ax & K247 bl +F
o] Feig ALrd 4 9tk A HEg&o] 052 Sm
1 o 200 mToA Hd FEHAFLEES 4 mAm?®

e 7

i f =it
IR =t

o]t 20].
o] FEAFEEE Hof sEo A 49
TE F AR 71EH51% sl 171,

%ol
L‘:_ z}%]io}- 9_:]}\]2403
7+ 200 mT7} B1H
J& Tt é A 4718 XA
=R HEE & itk 200
= 7 1%‘7}011 gt =4 e] Aod
2 F ogge golth 9] o]k wiel dut
o g w&3d=e FUHAQL sujY hHAde Z
4

9) olA4d & Axle] i 4
Imich$} Batzx 1878 A3 1256 1,20071 ©]4d
o] Avkz§7)9) H27]7+4 (magnetostatic interfere-

naanE
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nce) ol i3l ZAFATH 341, 2 mTol] o] 2& A& o)
=ZEHAE W 87% 9 ANEREUF 9L v
(A H pacing modeE HEo17)). 1 mToAE 196
%A1, 05 mTINE 17%, 031 mToIAN AA=7}
BAGAT) ¥)%3 A7} Barbaro Sl Qs|A®
71& = AT 35].

ARG g A7173e] ez Qg AN
AEE 13t 2AELE) 05 mT o)A & A
A3l AR E 3= 2 duEn) Awz 8 7] (cardiac
pacemaker) & 3 AVE-E B9 3 A 2}7)F o] Q1A 7}
=22 F v HYE e A2 BoHA grE
Hatole} Fhrl, ’

o] A8 ZAAF A BAAZA ) g 2717l 4
ol sl ALA3] A3 & AFl7]= ol gk Fe A7l
28U E(gradient), o] E B2 A4 o Ax 9}
7], 7ol g ¥ F oA 71A] QA 2N
AR7L oleHAY AL 4 Uk o3 R AEd
oJalA AR AR B F mTY =734
oA FFE FE FE UTH36 - 371

BRRAG o)Az 9] $Xo)Folu} A Y(HH,
Azx3, ¥ T AAA 4Fo] B Fof o=
el A, BE B SEAZRY ol A3
ANEE 28M 3 mT o]49 AEILEE 2He Age
Y ZIAHAIE SIS Andh

Jim

D Ah4Q =33=

AU BAAZLAS AY3 =2 S L QDT
B 200 mT o] A&dUre A= ool Jich
AP AN=2L ASLE Hogko] 2 TE 275
ojAE A"t ARl =@¢E HLoE 5 T7A 3§
44

kis

AL =& AS5UET} 40
= € de 5EF A4
H2E A rde YN =2 E 2343)A) Y=s
g AAE T4z selA ded & Uk

=R LR
Azerg AR o AZ7, 48 AAYNE
# AREL E 49] Fol Buo G HEF WA

HeatiRB BB et | 55204 H35% 19954F

28 #£= AUtk R JezE7]E 05 mT °]
sl M A7) G BA gorg, o] FXE
3 AREL AEAE7 05 mT o] A 9L gajok
gt} 53] Abgo] A7|1AWAA F3Y W ¢ mT
o]te] A&A ) PAF TrhE A HARZZA
(&, AREAY], JEdFE=E, ARFo 2 {FEFHE &,
g %2 g9 YPTR2AR, SKAFTZA(EEY
sphincter muscless) 2] AR&-o] F7F3ka 9ot A4
O|AAE A AFFE(ES] FUH FHA HA
AANA 2t F9FF Y (aneurysm clips) & 3L
AL YAA FgE otk ), EEHoY
A elsg W37 A8 & mTY A7 gt =
&2 Ao} 3ok FA7|Fe] AT HGY =& 2
AukEZFe) AN F=E F 40 293k

Table 4. Limits exposure to static magnetic field. >

Magnetic
Exposure characteristics g )
flux density

Whole working day

. . 200 mT
Occupational (time-weighted average)
Ceiling value 2T
Limbs 5T
General public Continuous exposure 40 mT

a) Caution : People with cardiac pacemakers and other implan-
ted electrically activated devices, of with ferromagnetic imp-
lants, may not be adequately protected by the limits given
here.

The majority of cardiac pacemakers are unlikely to be
affected from exposure to fields below 0.5 mT. People with
some ferromagnetic implants or electrically activated devices
(other than cardiac pacemakers) may be affected by fields
above a few mT.

b) When magnetic flux densities exceed 3 mT, precautions
should be taken to prevent hazards from flying metallic obje-
cts.

¢) Analog watches, credit cards, magnetic tapes, computer
disks, etc. may be adversely affected by exposure to 1 mT
but this is not a safety concern for humans.

d) General public. Occasional access of members of the public
to special facilities where magnetic flux densities exceed
40 mT can be allowed under appropriately controlled condi-
tions provided that the appropriate occupational exposure
limit is not exceeded.

a5y

Aol Rz 7l(field mapping) ol 71F dutdg o g2 A}
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£5= e 38 93 H(Hall probe method) o]t}
[10]. 32 a5 (Hall effect) v 7)Aol o3 Aste
WA 7E Qe 2Ef(strip) FHe F e ARz
AHE F Utk oA st Mt 2EY o Ao
YeR}a 1238 7tE &2 (transverse Hall) #7)
ol Atk ofe] alof 3 A& F U AT}
A, 2% 7Pg $83% 9902 $273 ¢ (Hall vol-
tage) @] &EA|Fo)th x&A (fluxmeter) & B% 73
FA (ballistic galvanometer):= B3-S AL&-3}
Ao wskg Ay S4shed 18A st U9

FAA 2A71AE HGitsth 23 AATA Ul A
UL FAIA FI. SEEDE AT o
71918} =Y 7)sksto] A-E-HT38].

A714E SAshe HJ%%% 2ulE g Aest
o2 x717e] tiF-Ee) dwkAQl Ao F3wr)
F2 S40] o]FolE § 5 E HoFth A
RE 23 FNHEE BF oA Ayl w
o2 d& 4 Utk ddAF U wE2FEgo) A
A=A 173 A tside 7Y AEEEE 100

oV ez, Ax7Istel HAGEo o)
He Qs Avst H ATE sl Fau @
HolA AQE}D ol y7] AT NS Sshs
e FAReR g AT AT Tt WA

S B i o) A0 48 LA AFED
TN olF FRol ARATO VA B

AFsta oA 22e w2 F8ta wete] Aol
obd 4 glth

M2 gEFokl B A& (health physics)+
A} A8 (radiological health physics) ke 70d
o2 oldjE e R OoE FF Mol FFS ellA
EAG HARd oI} Barol A Ageh vol &3 kAd
(NIR) 9] 2 JFFo 2 HE| 9] WoARE F3dte
SABAFEe g Folgtal & 4 gk HEs}
A A =EEHE WAMAE HihsEA AR 7
T AAEANA Y A R AP E o] g3he A
Aol i e Aw ik aAT2 YA g
& o] Aol e qF HE&IE olsvt =4,
T v} AAska A sk A 4 F Q] HoAx
BAEe ] o] dFeA AFT 4 U=E &
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ofgict.

BAEE X st g
Molvk AR g 9] Aol H %
e AR @ WAk A EFR e & ﬂg}sq #AE
Aegr o= AR A3} Q) AR WA Hol B
@ gArdEH o2 kg Aok AT ¢ AT
HAE st stes de dES Es Ut

oA A Ao 8 3] (IRPA) o A A ] o] 23}
WA 9 U3 (ICNIRP) & A3l NIRe| 33
A BAEEE SHdA #ds A" A /4
ok gt wol -2 vk EHE3 e SHA
A ok dFY st IAAUA BE] 2A A
715k g gutE ANS HHFL o|HE A
3 289 Ak vtEE o vt sivh 2FA sh A
A7 ] gk FA g EtezRE ov
B9 AAE FEAA Fa, ARE qdE 2UA
e 7P 988 898 AAAA FE AL Bk
gt

tuelria FueiFE 54 Axagsle 2718
HoAoz wAgste AR XA BAF T2
AnAste [AZ 7L A F= QR8I o)
dukt) Fo] Ty WAY T2=Ef 2 & dethe T2
BE Zegto A gAE BEolY HApruhe] {39
A% AANA T 9TL sopdth

otof

NIR=Non-Ionizing Radiation

IRPA = International Radiation Protection Associa-
tion

INIRC=International Non-Ionizing Radiation Co-
mmitee
ICNIRP=
zing Radiation Protection

WHO=World Healh Organization
EHD=Environmental Health Division
UNEP=United Nations Environment Progra-

International Commission on Non-Ioni-

mme

EHCP=Environmental Health Criteria Progra-
mme

MRI=Magnetic Resonance Imaging

MRS =Magnetic Resonance Spectroscopy
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