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Brief Review on Exposure Characteristics, Monitoring Instruments and Threshold
Limit Values for Extremely Low Frequency—Magnetic Field (ELF-MF)
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ABSTRACT

Objectives: Objective of this study is to review briefly exposure characteristics, monitoring instruments and
threshold limit values for extremely low frequency-magnetic field (ELF-MF) methods. This study was
undertaken through brief literature review. We performed a literature search in PubMed to identify ELF-MF
studies conducted in workplaces. Initial search keywords such as ‘extremely low frequency-magnetic field
(ELF-MF)" and ‘electromagnetic fields (EMF) combined or singly. We limited our review to occupational
rather than general nonworkplace environmental exposures.

Methods: The contents we reviewed: key industry and occupations generating ELF-MF, several direct—
reading instruments monitoring ELF-MF and threshold limit values (TLV) preventing health effects may be
caused by the exposure to ELF-MF.

Results: The industries related to the generation and supply of electricity, electrolytic installations, welding,
and induction heating and more were regarded as high ELF-MF exposure industries. All jobs handling or
employed performed in power cable lines, electrical wiring, and electrical equipment are found to be exposed
to ELF-MF. Threshold or ceiling limit, 1,000 uT, is established to prevent acute effects of exposure to
low-frequency EMFs on the nervous system: the direct stimulation of nerve and muscle tissues and the
induction of retinal phosphenes. The International Agency for Research on Cancer (IARC) has classified
ELF-MF as possibly carcinogenic to humans chiefly based on epidemiological studies on childhood leukemia.
However, a causal relationship between magnetic fields and several types of cancer including childhood
leukemia has not been established nor has any other long-term effects. Risk management using
precautionary measures, has been initiated by the US and EU to prevent chronic health effects related to
ELF-MF exposure in workplaces.

Conclusion: This study recommends the implementation of various measures such as theestablishment of
occupational exposure limit values for ELF-MF and precautionary principle to prevent potential chronic
occupational health effects may be caused by ELF-MF in Korea.
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LA B
ZA}7]3Helectromagnetic waves)= A7 electric
field) ¥} A7 (magnetic field)o] F71F oz H3ls}
HA AE 22 24 &5 Ags) Wie sl =, A
A2 Bty A7)E Y4k 285t ARSE e X
o= AR L AR AR o 225
o] ZolR| AL AU A= F7tsh, Fuprt WESE
A2 dojX|al oA = ARt AAPE Fuke
o] Hel= Eutet Qb Zpol7t QItK(Table 1).
AAME Fup 7508 UIshH nlo|d2ute} 2
23100 kHz-300 GHz), $7Hintermediate) AF
3300 Hz-100 kHz), S#153K300 or 400 Hz ©ls})
o]tKSchiiz & Ahlbom, 2008). AE€F1<=(£H 50
Hz, $2l4gt 5 60 Hz)= SAF3Hextremely low
frequency, ELF)o| &3tH&, o] FulpE AMESh= &
e, AA, 25 2717172t Aol A= Hlad A2 of
U271 #Hgict. 300 Hz-100 kHz tieje] AFat =
= Kt A= dF A7N7H AR B =4
Fay} Eeror WA Bowman & Methner,
2000).

AALR] oA AlFIE2 71, thsol &A1, A% 59
Al i 719k AR} Aol WS 300 GHz o5k
Axp}, & FAFT0| =251 Ql=T, ol HA &
% d(electro smog)2kal SHEHSAEFL, 2005). HARTe]
A7 1], U5, A& 5 A0 Qs |A Ad=]a
RS R| A g, A7 m & 5 tiEEe] EAE S5
wi2o]] Xpdstr| ojFot. A ST} A7 olsF SA51t
2} 3 L&} A3 oF 37 99 Bagt gk s
o] 7] w0, W2 Aol FAFuRe] A A%t
Foll IS F UTHNIOSH, 2002).

Table 1. Classification of electromagnetic fields by frequency

£ ATl 3711 Bajo] itk RA, IAFT Fa
S ARRITH 3 ARk, U8 QM Hue 3
25} wEeRe 1A B, BH04 AH8E 34F
5} 271719 £ wlmakh, mhRjeto 2 29 1%
7 4% B ke AR9Re nA B vl
ATHe Aol FAFT ARAEL sk 4
3} 7o) B8F 4 Y Ao lefich

.4 H

H A= JiEA &9 12K brief literature review)&
BollA] o]FolF . ARt 8 Y82 ISAFITL A
k= 8 AR 34, A5 5471719 &4, =W
9] FAFT 2 7|E B8 FF ot =2 =9 M
2 PubMed (https://pubmed.ncbi.nlm.nih.gov/)&
ol &5t 2 HAM 8ol= ‘electromagnetic field’,
‘extremely low frequency magnetic field 522 7}
H 32 oIt = £ AL ST EAY
~(Research Information Sharing Service, ©|o}
RISS), st A AQlzel =} &4 Hlo|EH|o]A
(Database Periodical Information Academic, °|5}
DBpia), =& X (Korean studies Information
Service System, ©]3} KISS)E o835t} 9 A
gols MR, ‘FAFI oot AME £ =
S| X Ay € AFH 29 T 8 WeS
Adstlot. 181 ARl F FASIE AR 27
7171, =2 7%, 948 A8 F 5= FEsIoth ==to]
i Q= v|Ed A% I3 nonthermal health
effect), T3 AW 57 9 744 217393 A2
JZSHA] gttt FASn 222 QIR 4 AREES
Ao ofof, e AMIR IAFH 8-S FHOE

Type of EMF

Direct biophysical effects

Frequency’

Extremely low frequency Non-thermal effects
Low frequency
Sub-radiofrequency by ACGIH
Radiofrequency and microwave
Radiofrequency by ACGIH

Microwave by ACGIH

Thermal effects
Thermal effects

Thermal effects

1-300 Hz

Both thermal and non-thermal types of effects are possible 300 Hz-100 kHz

1-30 kHz

100 kHz-300 GHz
30 kHz-300 MHz
300 MHz-300 GHz

" Varies slightly within the literature except for ELF-MF

Abbreviation: The American Conference of Governmental Hygienists (ACGIH)
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1. SNFL & M} 22

A Z0} 5 Azl AsHs 29 A9 B ZY
42 Mild & Sandstrom(2015)0] B8t Hof|A] Q1
8519cKTable 2). FAZT} =Zo] Ajdoz 71
=2 AL A7|E8(electrolysis) H Z&9} AHA
4 WX (ripple)E At A7 A1 HA], ALY SHF
AZ|(50 Hz), A7] ot2-83(50 E+= 60 Hz 5

© —U—Tﬂ

o INFM A1 &G =& JIE0 st M™ nE 383

A%, AL ¥Mx), 9M(induction) SIEI(300 Hz-10
kHz), A¥ EE= 2F8H(DC, 50 Hz-20 kHz) 59l

Aol WAs BoME e 34

Fuph s, 2925 7 §7] o] kol
=z ot} a3 ARG mj= o) 75t TAZ=n)

eZo] dojudtt. A7 8o TSk AARE 2
te, A, SAFN 5 oot dEE Fuk
7F Rt SAFTE &4 A7AClE EANA s
A R SRAFAE A7AClES & FH 4
AL ZAsHH et SAFute] EZ /s =SHTh
Fupp7E SAFER} S et Atol]l AFn; 2
T AFTE do7= 4L AlE 52 Q194 SIH,
&3 Al so& F= FAFIL DS, 119t

Table 2. Different EMF sources and corresponding frequency range of the emission

EMF source Static ELF IF RF/ MW
Type of industry or source
Induction heating **
Dielectric heating (RF: glue drying and plastic welding) **
Industrial microwave ovens **
Electrochemical or other installations using microwaves (e.g., chemical activation of processes) **
Electrolytic installations **
Type of welding
Arc welding (MIG, MAG, TIG, etc.) *x *x
Spot welding **
Medical applications
NMR/MRI medical diagnostic equipment ** ** **
Surgical and physiotherapeutic use of diathermy ** **
Communication
Radar and other systems **
Broadcasting systems and devices (radio & TV: AM, VHF/UHF) ** ** **
Mobile phone base station *x
Wireless local area networks (WLANSs) **
Cordless phones **
Bluetooth devices and hands-free kits **
Others
Military and research radiofrequency systems **
RFID/EAS and other anti-theft equipment ** **
Electricity supply networks and electricity distribution and transmission equipment **
Electric handheld tools *x
Electric vehicles (trains, trams, metros) **
**: The main emission frequency
Abbreviation: Intermediate frequency (IF); Radiofrequency and microwave (RF/MW)
Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(4): 381-392 www.kiha.kr
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Aol e Y99 dAE ARt g
ol A%, 1 Ao weh ZRLlA, ZHAGA,
2t Qut 5o BMAIITHNIOSH, 2002). =i
AR, A7) S)elv TZoA Ao =E2H k=
SAEY =& FEE AYSItHTable 3). 49 &
AR s A =E&(AEE 1.30+15.54 uT, 9
0.5~1,671.5 uD)o] 7F% &=Atklee et al., 2017).
A =& 7]&9] AFstA|(ceiling)] 1,000 uTE %
It AHl= 2deE HiEdt 7 A7), WS
(broadcasting), SAl(communication) A|’4¥} #H
5= AA], 74, Aulstal &4 52 HIoHAY A=
Stz A8t AFo| FAlE AL vy FA4
ot 5ol Wo| =&5= AoE dEA Sl o7]A
HZo] A4S0 8 k& A didsts 224
22 ‘A7l ZHZ(electrical job)olt;. E3H &7
(welder), Hcutter) 5= AT 5 A4 =&
ZEo|t}. o= EA7IA E4E HolEolH, 11 9] o
g RN EHE FAFE 5 AT =E AR

N
2

A%
v 1o
2 2 oo

e

—_

WA ottt

u]=k ZPAFAOPA R AATA(National Institute for
Occupational Safety and Health, ©|5} NIOSH) &
Ho|zlo] U2 AFE AL =& S5} HYE
21 Amg FEstAcHTable 4). o] ARE ul=,
299, wEHE, ", ojgotofA 35t 1074
ATE St LA B A dANA S4g
2,317709] 33 AT A+ 719 A =& o
EZA(Job Exposure Matrix, °|3} JEM)(Bowman
et al, 20078 A5 =& FTolth. ZEHY
(Primary Standard Occupational Classification,
four-digin® SA50 FE(itkegd, EFHAL, 7|6}
B, 718t BEEHA)E= NIOSH EHo]A|of JAaz A
Al=lo] ATHNIOSH, 2013). B+ A5 Bt =
2 ZEL FEATOAN Hid ARS8 1 u),
SH% A 2kl AR electric line worker, 3.6
uDRS &, AT g9 Ak, YU =HE 9
A, &7 Azt AFE B4 5ol =t FAFT =&

Table 3. Summary of ELF magnetic field exposures among various types of manufacturing industries reported in South Korea

No. of
. . companies/ No. of "
Type of industry/operation workers  measurements AM (SD), uT GM (GSD’), uT  Range, uT Instrument Ref
investigated
Steel + ot (Kim et al.,
(electric furnace up to 60 ton) NI 15.4/19.7 NI 26.1/43 (Max) ~ EFA-300 2002)
Broadcasting/transmitting 2 NI 0.1/0.22 NI 0.1/0.3
Transformation of voltage 1 NI 0.8 NI 0.7
High voltage cable (operation) 1 NI 2.5 NI 2.5
High voltage cable (C/R) 1 NI 0.1 NI 0.04
High voltage cable (breaker) 1 NI 10.4 NI 10.3
High—-frequency heating 2 NI 1.5 NI 0.6
Electric welding 1 NI 54 NI 1.1
LCD (liquid crystal display) 2 (80) 1316 6.31 675 431 (241)  050-4350  Emdex lite (szqog)al.,
. 0.10=1.14 0.07-0.82 B .. (Chung et
Semiconductor 4 (81) 533,275 (0.15-2.01)° (1.99-4.12)% 0.656-123.2 EMDEX Lite al., 2012)
. background- . (Chung et
Welding 2 (3) 3.46 (13.4) 0.45 (4.70) 1296 EMDEX Lite al.. 2012)
(Jeong
. 221.28 EMDEX I and
Welding NI (19) NI 4.70 (9.37) NI (Maximum) ~ EMDEX Lite and Hong,
2014)
o : _ . (Lee et al,
Supply of high-voltage line 10 (37) 144,318 1.30 (15.54) 0.63 (2.000 0.5~-,671.5 EMDEX Lite 2017)
Semiconductor 1(117) 108007 08 (28) 024373  001~-  EMDEX Il (Ch%fg)a"'

“unit-less; TNI:Not identified; Tmonitored at area; SRange of average
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Table 4. Average magnetic field exposures for various types of workers (unit: uT) (NIOSH, 2022)

Type of worker

Average daily median®

Exposure range

Clerical workers without computers 0.1 0.02-0.2
Clerical workers with computers 0.1 0.05-0.5
Machinists 0.2 0.1-3.7
Electric line workers 0.3 0.1-3.5
Electricians 0.5 0.1-3.4
Welders 0.8 0.2-9.6
Workers off the job (home, travel, etc.) 0.1 0.03-0.4

" Cited from NIOSH homepage: https://www.cdc.gov/niosh/docs/96-129/default.html
"The median is the middle measurement: Half the workers have average daily exposures above this point and half below

Fre v27] gEgdl 9 vud o=

o 9 2ol 1T walele] v
olge Hat EE LE WM
g4 FAET v gido] 2 @7
agHolt,

1
-
[e]
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(o)
<

2. FXFO R |E SH717]

A} 71719] £4& 895ItHTable 5).
Y FRAA FAFIE ST 7|7l FE EMDEX
112} EMDEX Lite@tHTable 3). 25 AAZto g2 27|
Fe BUEPS AEEE Adeke A=A 7+
(direct reading instrument)?|HA] 7§91 =& =47]

ojtt. AgollA 71&3t v} ol A1 IA Tt

=X

=2J0
=0 E4E

a5 AY AT TA wiol tFEES AolA=
SAFL A7ATE S8 ZYE Y ARE 27
(logging)dt= AIZF HA(2U &), LU PR 4555
A&t E9olE WA(TWAY RMS (root-mean
square)), 47183} A7 4 7Fs4d 5ol Tt 7171
£ A9 £ ok SAFT A7 AEs A/m(TE
F AdHo)E SHHA, dutgo s A&SUE Tl
uTE]Z2H &) = mG(EE7Re2, 1 uT=10 mG)
=2 Uehdch

71718 A% 3 5 A3 542 Bowman
(1998)0] A=gt &E#o] Ag=o] JrhBowman,
1998; Portier & Wolfe, 1998). A Fu} A EA4
I A Y 5 5o ot 771E 9T 5 o

Table 5. Characteristics of direct reading instruments to monitor extremely low frequency magnetic fields

Frequency Sampling rate,

Dynamic Monitoring of

Type of instrument Sensor s seconds Sampling strategy T e e
. Three orthogonal
IREQ / Positron air-core 40-200 Hz 60 Personal 3.1 nT-50 |T  yes
electromagnetic dosimeter . . .
induction coils
Three orthogonal Continuous
AMEX-3D air-core 25-1200 Hz o Personal 0.05-9.7 no
‘ . ) monitoring
induction coils
EMDEX |l Three-axis 40-800 Hz 15 Personal 0.01-400 no
induction coils
EMDEX Lite 40-1000 Hz 2 Personal 0.5 uT-7 mT no
ELT-400 Area
Power—frequency Single—axis . No Area, spot, 3
Field Meter induction coil 40-1000 Hz information instantaneous 0.01-1250 yes
Multiwave System Three~axis 10 Hz-10 kHz 10 Area 0.001-200 ves
induction coils
LINDA System: EMDEX Il  Three-axis Area, an extended
, . . . 40-800 Hz 1.5 walk down the 0.01-400 no
on a surveyor's wheel induction coils o
plant's aisles
Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(4): 381-392 www.kiha.kr



fRE ST 5= Q= Fuke 1991 40-800 HzollA]
BAE = FAFT 1S x, v, z Al Fol4 S5
RMSE Hw3tth. o £7%)+= EMDEX 117} 12,000
uTo]x EMDEX LiteZ} 7,000 uTe]tHHigh field
type). EEFL o] 100-300 uI7HA] St E &
Z 7|& 23 oRE wdoke b HEA dth 4 7
AL EMDEX II= X4 1.5%0]1, EMDEX Litex
0.5x0lth. B4 Fuppd A1 S Fuke B4
715°] St WP & TE HH|E o]&djof 3t
(Bowman, 1998; Renew et al., 2003).

3. RO X | e 24 S & =& 7|
1) AL I

AAe] ovX= §H4 AE B gfebade
o]22Kbreak)@ HLr =2 FESIA= LAT, ZA}o]
25y AF¥A o7 FA(thermal or heating), H|E
2), BEET (biophysical) A% JFS Jo7ich
(Schiiz and Ahlbom 2008). 22 Fu}9] HA}u}of
oRt F8 A% JF2 H|EE A% FFeIH, #He
o 22 =2 a9 MAbuo] 9gt A% I &
A H|gd A7} F3Fo|cKSchiz & Ahlbom, 2008).

e A7 9F2 479 5 AR 24
AA|(presence) Fa= &0 2Jste] QIAA] AFZH o
2 Uete 34 9FHacute effec) 2= A osH3ict
(EU, 2013). €4 1% ¥F2 YA 2Zo] HA =R
B oUAE ST EN 7HEE = Aot =3 Z0]
FHO| SF0] F2 7|2 T G HEA Al5]%]
517 diZoll, Wi 52 ol A4 Yol sl A
AR AR 22 QAIE 7Hdstal, o|= <l I
719 fARE S0l s SITHSAEFL, 2005).
H|GZ] A7} JFe FeAFE Q5] ==, Al (nerves)
F= 727 sensory organ)©ll A=(stimulation)®|
dojif= Aol v]EH A7 FF2 =& 54

MHA

A, 294 A% d9FS € 5 Ut AR
o] A= o XAl A7F e w TIY A
ZHmagnetophosphenes)o] dold 4 2t E3t &
2, X7 (cognition) & HHof FIFE dod &
T QUTHEU, 2013). FA150 SollA T8 F=dF
3o e S 1 I¥2 TF 2 TRAABA 7]
5ol FFE Fo @5, WAAZ, a5 % A4

(metallic taste feelings) 5% <ozltiMild &
Sandstrom, 2015). E3F ZAF1} 5 Axjul= QQF
AErs7](cardiac pacemaker), YZSHE 5 =7 A
7] o] 2s well, Zd¥(contact current), SHfek
o 59 A AF FF= LOXITHICNRP,
2010; ICNRP, 2014). ol 9|z &u] Q2Hs o &
oA $AE © 71 dhoitt

2) 88L& 7|E

@© "=

o]=r A A HE7HE 93] (American Conference
of Governmental Industrial Hygienists, ©°]3}
ACGIH)9] FAlFmto] izt X1k=E7]&(Ceiling
value), & °oJ® AT HolA= ¢t He FAE A
FIATHACGIH, 2022)(Table 6). 1-300 Hzo| Fx}
= HHEE &5 AA FE FAFTY ik
27158 40k 34 AASHIY. FuT 52
TE RHR= Rodn g 9 UA JA FAF
1 HleE7|E2 Fukpol| ot off Aos FE &
ATt

BTLv(mT) = 60/f, f: Hz (1)
dg 5ol 48509l 60 Hzoll =29 7S FH1

L&7]%2 1 mT=1,000 uTo|ct.
ARl A7 FFE A AR 71E2 i 1l

Table 6. ACGIH-TLV for sub-radiofrequency (30 kHz and below) magnetic fields

Frequency range Body part exposed TLV, ceiling Ile_i?I/itlensISO(stj
1 to 300 Hz Whole-body exposure 60/t 1000.0
1 to 300 Hz Arms and legs 300/f 5000.0
1 to 300 Hz Hands and feet 600/t 10000.0
300 Hz to 30 kHz Whole—body and partial-body 0.2

f=frequency in kHz
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=+ AR AX(Occupational Safety and Health
Administration, ©]3}F OSHA)9= o}4] L EX} HSE
et A AHAQ] AR} =F 7|Eo] glth. 22U Ab
AF9] THA 9lF(general duty clause citation)=

UTHOSHA, 2022). E3E ZF F(State)ollAe =
= 71 Aol APl HRlo) wet AR &2
0l AAZ o QUth a2 Gyt AYle] AR B
35 9ol 670 F(Florida, Minnesota, Montana,
New York, Oregon New Jersey)= <A1}t 7%
I A7 v 71ES AASFITHEMFs.info, 2022).

@ EU & #¥
EUJ IAFE =F 7|E2 1 HZA2AE 10 MHz7HA]
HAER FEoto] A A6 THTable 7). ©17]
/\1L h‘—E 71%& Al #E] 7)F(action level)oleh= &
ol ARSIt #E 71E2 ARHhighen)®} slgh
(lower), 28|1 To}he] 4 F9 & 7|$0=2 &
Shict AFRFEERQl 50 Hzu 60 HzolA SAFw)
shet ] 7182 1,000 uTZ ACGIH k=% 7129] 4+
ghx|ef 2, ARt ] 7] 5,000 uT E+= 6,000

uToITk. oleid Bel 71F AHe FAFT wE o
@ 9, vg A% 9% 5 W) A Aol

ACGIHS} tE7IR| 2 s Zo] w2 A7} J3RS
vl5l7] 95k 7|22 Qit}. ol: olula A7) HekEo g
TEE A g7 UH—‘%OIE’F’ AgStATHICNRP, 1998;
NIOSH, 2002). 201640l AlPH F=9] FAFut &
ArZ 7] EUQE o] ¥ 7]eolth. S5A73A
ot A7 A% = sl At shet #e
7182 1,000 uTola, 2449 A% JaFS o
st7] fJsf AAl AAe] A8t AR
6,000 uTE AHsigct. goie] 34
18,000 uTo]tHEMFs.info, 2022).

XlA
A8

4 SHFL AIE 521 & VIE0| et dE 0F 387

Y2 FAFT A &2 419 JHes FEst
of Festal St} tiFo] o-&sh= TG I
9l == A9 2(exposure area 2), =& AY 29 H
A E 718 23 4990 =& A9 1(exposure
area 1), 3 A9 19 HA & 7|&ES 235 99
A T AY(controlled area), 1|3 TE] 29
L& 71&E 2%t 98 A Y(danger area)°|t}. 9
£ 5o] FAFT =& A9 1914 1-1000 Hzoll st
FALE 752 A= 32(67.9/f, f=kHz)oll w=t 4
|1k 50 HzQl 3% 1,358 uTo|tHEMF-portal,
2022). 1 2ol A9A, YEHtE, ojgEol 5 B2
Uekso] S 5 A &3 £0)7] A% o

3 gAg W3 ek

= =

3 Ao S Y5 (International Commission
on Non-lonizing Radiation Protection, ICNIRP)

ICNIRP= HIEF =4 A7t dAlz SA5w, 2
gent 5o it AWl 222 =& 7SS =S
st ot ICNIRPZF 7Rt 5453 Algt 7%
(Basic restrictions)2 o8 =714 g4 24 A%
FFS adsh] #1371 = &8skl Qo ICNIRP
7F A SAFE AQ 34 At Ve A8t
5 EFRE gi¥(25 Hz-300 Hz)ollk 0.001 T(1 mT=
1,000 W&, ACGIHS} E}— [ i e s
5 d9gd 71EDS 43k 41 Hz-8 Hz 0.2/F,
8 Hz-25 Hz; 2.5 x 107 2/f, 300 Hz-300 kHz; 0.3/f,

f=Hz)< Hista SQITHICNRP, 2010; ICNRP,
2014). FrapE A F FE 72 ]l

@ et
AIRHIE AP FAZT} 5 AR 1 71
2 AHEA orTh AT S 919 Arela

Table 7. EU action level for exposure to magnetic field from 1 Hz to 10 MHz

Magnetic flux density Low

Frequency range ALs(B) [uT] (RMS)

Magnetic flux density High

Magnetic flux density AlLs for
exposure of limbs to a localized

ALs(B) LT (RMS) magnetic field [uT] (RMS)

1 < f{8Hz 2.0 x 10%/f 3.0 x 10%/f 9.0 x 10%/f

8 < f(25Hz 2.5 x 10%/f 3.0 x 10°/f 9.0 x 10°/f

25 < (300 Hz 1.0 x 10° 3.0 x 10%f 9.0 x 10%f

300 Hz £ f (3 kHz 3.0 x 10%/f 3.0 x 10%f 9.0 x 10%f

3kHz < f <10 MHz 1.0 x 107 1.0 x 10? 3.0 x 10
f=frequency in Hz
Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(4): 381-392 www.kiha.kr



S o2 TR g ok ARIRPHE AR 1A
SltEd 9 B3 Qe k& V&, A4k HE H
AollA ‘o] TAJS 738 Q1RO kF 7]Eo] FHEHA|
ol ol RE W, @, 2 9 B 79 A&
o] HiA|E|R] oflsh ojet T2 {f QAR ke V]
F2 "=k ACGIHOA #id Afgote= eE 71%(TLVs)
S 83t 1 HASEL JTHMoEL, 2022). ©] 1A
9] A& #e w=2H FAFE =E2H7F B A%
FFHY dF 52 FHY "= ACGIH7} A3 =
Z 712 AR E H8ot= Aol "Qsirt

3 HELE 7|IE

AT 5 AR oF W 992 kAol A
A2 JAITAZE AtH ol (limited) AP ATIAE
Z2A7F Ex8 OI-q-J_(madequate) oot Aot
(ICNRP, 1998). ol] we} A Futo] tjsf] rsAtt
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