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ABSTRACT

Objectives: The aim of this study is to evaluate exposure levels of the extremely low frequency magnetic
fields(ELF-MF) radiated from various electric facilities in Liquid Crystal Display(LCD) manufacturing
processes.

Methods: This study measured the exposure levels of personal and local ELF-MF for the electronic facilities
installed in two LCD manufacturing companies. Samplers were installed around workers’ waist during working
hours to identify personal exposure levels, and direct reading equipment were located at 3 cm, 10 cm, and 30
cm away from the surface of the electronic facilities to measure local exposure levels. Average and
maximum(ceiling) values were calculated for personal and local exposure levels.

Results: Average and maximum of personal exposure levels for each worker were 0.56(mean) + 0.02(SE) uT
and 6.31 + 0.75 uT, respectively. Statistical analyses of the study found that maximum of the personal
exposure levels for engineers was significantly higher than that for operators since engineers spend more time
near the electronic facilities for repairing. The range of maximum personal exposure levels was 0.50 ~ 43.50 u
T and its highest level was equivalent to 4.35 % of ACGIH(American Conference of Governmental Industrial
Hygienists) exposure limit value(1 mT). Maximum of local exposure levels was 8.18 + 0.52 uT and the
electronic facilities with higher exposure levels were roof rail and electric panel, which were not related to
direct manufacturing. The range of maximum local exposure levels was 0.60 ~ 287.20 uT and its highest level
was equivalent to 28.7 % of the ACGIH exposure limit value. Lastly, the local exposure levels significantly
decreased as the measurement distance from the electronic facilities increased.

Conclusions: Maximum of personal and local exposure levels did not exceed the exposure limit value of
ACGIH. However, it is recommended to keep the workers as far as possible from the sources of ELF-MF.

Key words: LCD manufacturing company, extremely low frequency magnetic fields, exposure level, work
distance

*Corresponding author: Kihyo Jung, Tel: 052-259-2709, E-mail: kjung@ulsan.ac.kr

93 Daehak-ro, Nam-gu, Ulsan

Received: November 8, 2021, Revised: December 20, 2021, Accepted: February 10, 2022
JoonBeom Kim https://orcid.org/0000-0001-6499-1454 Joon Hyuk Kang http://orcid.org/0000-0002-5416-7709
Eun-Kyo Chung https://orcid.org/0000-0002-6515-4428 Kihyo Jung https://orcid.org/0000-0003-3316-2762

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

10



LM 2

[

FAFIA7 A Extremely low frequency magnetic
field)> BIAZHA FolA FLstA HIYx #A
o] Sl= ALCE AHA I Ut} FAFTA7 |G Ao}
W} HEo] Q= AAIE YREHA FAF
nxp7| Aol Hetgol FE57] AlZitHIzabe et al.,
2009). 134 ICNIRP(International Commission
on Non-lonizing Radiation Protection, 1998) %
IARC(International Agency for Research on Cancer,
2000) 5ol 435t AtolA ICNIRP 7Fo]=2R1(60
HzollAl 83.3 uT) olste] FSAFuA7 1o &g
§ A7FGFo] A BER 2EZ WA E3oh
#H, FsFAFHICNIRP, 1998. Repacholi, 2021)=
0.3 ~ 0.4 uT o9 A7)0l &d AolofA
g Yol svhe AETE TS T,
Draper et al.(2005)2 £A420]4 200 m Well A
= °oFs9] MEY YAF=T STk AL HASIele
o, Lowenthal et al.2007)2 Q1= FHAZ0)A
50 m Woll &1L 3= 749 300 m Hioll A= AS-EH
W A Qo] =2 Ao E BHIsHG ol A
TAIE v R AAEAZ|HWHO) 4Fst =A<
TF4JARC)E 20028 SAFHA S 2B 52(UA
1ot ks EE)oE ERSIATHIARC, 2021).

AP 2R = A7)717], ], a8a A8
F AR oA A= A7 wEEHI Sl AL
Hu=y ot 88539 SAFHA|Y e
ZY%k(median)o] 0.95 pTE RAE| A SH(NIEHS,
2002), Kot 2o AR Chung(2012)°] w2 &
ARG FAFHA NG E3rE2 3.46 nTe=E &
HA) 2L Qlek. hH, FAFTAGY Bt g0l
0.23 uT o[l AGoll= AAL ALY, AL A
7] ZAJA, AEE AAA D BRIA ZAGA =
Aoz motyE]71 ItDeadman & Infante-Rivard,
2002). 2EITFY A71AJAH0.70 uT), 5373
EE AAAH0.68 uT), 22l A3 2FA2H0.66
uDe SAFIAE wEo] JHos w2 Zo=
ARSI mRREte = ARRAIS] AT EES
0.05 ~ 0.4 uT=Z 7HgolA YAst= 2 FAHA
Tt 4 A QoA EHoR EpFo] 53t
th= BT QIEK(NIEHS, 2002).
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A7) LCD(Liquid Crystal Display)@}t BF=A] #|%
SN LFI ZLEA sl ARdAStE 1Skl
Atk 92 9, 20134 ~ 20184 6¥7HA] A4 &
Ql wiEE o2 AR s 1S W At FolA F 3
ZAREA 29, LCD 19)2 HY - Z2EA]Z3HoA
A A9l F8 [OJIAE HIATAMDS A5
tHLim, 2018). 71 0|8 LCD 9@ ®heA] ARl
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B AFE= I LCD ARAF 234015}, AARRF BAHS]
7F-(fabrication) 1Y RE(module) 21 Ak
oz stk 7H #Rl2 HHEMAAH(thin film
transistor, TFT) @ ZA&@E(color filter, CF) -3
Zlgo AAEE sty KPS FUAsto] F=R-
(liquid crystal, LO)ot JAES A4kt 2E
2RI 7hs ERIoA 7HE SAE] H3Eo|v
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590 x 670 m<}t 1,100 x 1,300 m= ARSI
A-22Q13}F B-22HQ12 20044°] OJ*Jg AL A
Akl Qe fAEFolel 371& 7 1,500 x 1,850
met 1,870 x 2,200 mO.Z YeRGth LCD AZRAM
7F2 2Ql 9 1% gQlojA ARREE ARF7|AF whAgA;
(YA Au], 18 A7 HH] 5)9] RS A=
27131 ~ 300 Hz)oll sigot= 60 Hz tHH9] A
2 FAE] = Ao7 ubobw Qi)

2 oq_—rL HptH
2 A= AE, A E}o 37, 11al A7
SAFIATNY =E2FS ”}0}5}7] A8 ARl
Eah—} AdreEds 574 0}93\E}(Table 1 &%), 9A,
MRIeEF2 AFLEA o FHHo] Emdex lite
(Enertech consultants Inc. Patterson, CA, USA)S
2rgsto] ZAATE Bt A ST & Aol A
4% Emdex litex= standard field& 5d(sample
rate = 4%)%} high field-& 5W(sample rate = 4%)
At Standard field8& 54719 &4 ®H<9l= 0.01
pT ~ 300 pT, Edls(resolution)< 0.01 pT, =34
Fake H9= 40 ~ 800 Hz Tt High field 7719
=4 HY+= 0.5 uT ~ 7 mT, &2 0.5 uT, &3
Foke HY= 40 ~ 1,000 Hzol et & Ao AREH

standard field&3} high field 89 =4 ¥¥+= LCD
S8 FARE WA 349 HakEFR 123.20
uT(Chung et al., 2012)2ct & Ao g Yelhygct. g
H, & A 22X AR E]ra} MRA=EFo] 2
ol &A57] {df :L—E'-—X}J AEE F SFAAY
o], eHolE)E EFSIAT. AAYoEHIAUA)=
A4t 21Rle] Aulof oifo] SIAY 7ol AR
o Y FEjole LEAolH, QujdolEH= AH|9
BUHE &9 o/H &1, 2dxd 24, AE E
ZF AARFE FPots SEARE AU vpA|9t
o7 E dF7E BARY] F9 ROS(remote operation
system) wolA HUEE Bof Ay 2 ik
59 AFE Yot 2EAY EHE B4 Rl 2
FA9] &g H|wshy] Qs S22k A ¢
ST ZANA 7H°] T SH7E ARSI FAF
27 wE2FS S5
2 A+ AHo & %
:in—r”JrXV 1B Adresds 54 O}ﬁ‘:} A=
2 3% S T2H(100 ad)7b H2HE ELT-400
(Narda safety test solution, Germany) 1HHE AR
st} A=A ELT—400—4 S 9= A 80 mT
7HAo|1 & Fukg: M= 1 B2 ~ 400 ki Atk &
ol AR ¥l SAFHAGS 7517 Ao
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31
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Hu:
4%
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o
%
ruz:
E
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Table 1. Basic characteristics of the LCD manufacturing companies involved in this study

Company Production Main Number of personal . Number of eguipment
line process measurement Equipment type Measured equipment Measurement spots
TFT 6 5 11 85
A-1(Fab) CF 4 5 7 60
LC 2 4 5 61
A TFT 6 5 13 157
A-2(Fab) CF 6 2 6 84
LC 7 4 6 105
A-Module Module 8 1 4 142
TFT 6 4 10 76
B-1(Fab) CF 3 3 3 45
LC 10 4 8 125
B TFT 5 4 14 152
-2(Fab) CF 2 1 4 60
LC 6 2 3 62
B-Module Module 5 2 4 101
ROS room  ROS room 4 1 1 1
Total 80 16 99 1,316
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£=0.06 )= A= o] K Ministry of Science and
ICT, 2017). TH#, ICNIRP+= 0.06 kholAl L4tRlo] 1
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sto] AFEE thRol EA5HAU T Standard field
Emdex lite®] &35 0.01 uTo|Y}, high field

mdex lite?] Eol5~2 0.5 uTZ 0.5 pTolske] g
T%E 0.5 uT2 AAEct. w2bA standard field-&
712 S79% A L] Hato] 5g Aol tish
high field& %3712 43t 79| HHET T4
B7HEH 2 A= ol=Rt 4719 Eélsel wE
2 AASH Yl standard field& 47|12 =43
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A5 g, Au|olA WA St FAFEA 1<
&S TS o ARERE ELT-4002 A54]
AREA AL Er 7|EA 7|2 st
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MReEF AQLeEgo] ek 7|28AFS 4
HH(arithmetic mean, AM), FZEHXKstandard
deviation, SD), &2 *Hstandard error, SE) H¥
(range)= VA=A, HlolE7t B S50 &
o} 7|5FE1Hgeometric mean, GM)Z} 7|stEZHA}
(geometric standard deviation, GSD)&= #4351
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ZHAAE 6.66 + 1.10 (mean + SE) uT, BAk 5.97 +
1.04 pT)2 BAZLE {3t Alol7} gl A=
EPFTHA78) = 0.455, p = 0.651). T+, AJAF 2helo]

2 7Rl HeEFS AT Ao|2 BAH F94
o] gl ACoE EAEUHA2, 77) = 2971, p =
0.057). Fab =}l Z=2AH9] 79l &2 7.21 +
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3.49 + 0.87 uT, 183 ROS Room 1.25 + 0.48
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Table 2. Personal maximum exposure level to extremely low frequency magnetic field

P Number of ELF-MF maximum value(uT)
Classification p-value
workers AM SD SE GM GSD Range
A 39 6.66 6.90 1.10 4.27 262 0.68~29.50
Company 0.651
B 41 5.97 6.69 1.04 4.35 2.23  0.50~43.50
Fab 63 7.21 7.20 0.91 5.27 216 1.04~43.50
Production line Module 13 3.49 3.14 0.87 2.56 221 0.68~10.50 0.057
ROS room 4 1.25 0.96 0.48 0.98 225 0.50~2.50
TFT 23 8.33 8.81 1.84 5.96 224 1.50~43.50
. CF 13 5.37 4,52 1.25 3.99 224 1.04~16.50
Main process 0.188
LC 27 7.15 6.77 1.30 543 2.04  1.50~29.50
Module 13 3.49 3.14 0.87 2.56 221  0.68~10.50
Engineer 51 7.73 7.90 1.1 5.37 2.34  0.68~43.50
Job 0.035*
Operator 25 4.23 2.55 0.51 3.49 1.94  1.04~10.50
Total 80 6.31 6.75 0.75 4.31 241 0.50~43.50 -

X AM : arithmetic mean, SD : standard deviation, SE : standard error, GM : geometric mean, GSD : geometric standard deviation
*p <0.05

0.1885). 7HQl HHw==FS TFT FH(@8.33 + 1.84 puTHTH =2 Aoz ujobw|glr}
pDI LC 33(7.15 + 1.30 uT)o] Atizog =9
i, O o202 CF 34(5.37 + 1.25 uT)¥ Module 2) %Ei"ﬂ

2H(.49 + 0.87 uT) %ol%ic 2 I, A Bl 3, AR U 2
2 50] w2 71101 Beage SA4ow gojbl  EA9] el Bare A Table 33 20| HE
AoV} gl A0 FHAUY = 2150, p = JAel WiteEge A, B el B4, el ¥

0.035). MAY19] 7HQl e 7.73 + 1.11 o] ue} EAHog 905t 2joly} Q= Aow HA
pTE u#olE 9 7l Aﬂ%ig%*ﬂ 423 + 0.51 At

Table 3. Personal average exposure level to extremely low frequency magnetic field

o Number of ELF-MF average value(uT)
Classification p-value
workers AM SD SE GM GSD Range

A 39 0.59 0.17 0.03 0.57 1.25 0.50~1.42

Company 0.088
B 41 0.54 0.07 0.01 0.54 1.12 0.50~0.81
Fab 63 0.57 0.14 0.02 0.56 1.21 0.50~1.42

Production line Module 13 0.56 0.95 0.26 0.56 1.17 0.50~0.79 0.618
Ros room 4 0.50 0.13 0.02 0.50 1.00 0.50~0.50
TFT 23 0.60 0.20 0.04 0.58 1.27 0.50~1.42

Vai CF 13 0.58 0.14 0.04 0.57 1.23 0.50~0.97 0.505

ain process .

P LC 27 0.54 0.08 0.01 0.53 1.13 0.50~0.81
Module 13 0.56 0.95 0.03 0.56 1.17 0.50~0.79
Engineer 51 0.58 0.16 0.02 0.57 1.22 0.50~1.42

Job 0.306
Operator 25 0.55 0.08 0.02 0.54 1.14 0.50~0.79

Total 80 0.56 0.13 0.02 0.55 1.20 0.50~1.42 -

% AM : arithmetic mean, SD : standard deviation, SE : standard error, GM : geometric mean, GSD : geometric standard deviation
*p (0.05
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2 X|Orli=<E.F
T EAREA, A 2L, 3, FF)l e =
HTWWH A9eE2Fe 274 EH*P HH|2HEH 3
am AgolA &A= UK Table 4 %), AAK8.10 uT
+ 0.67)2} BAK8.28 uT + 0.80)9 AY-=H2 &
7%%* o& {OJgtk Zpo|7} gli= AoE UEHTHA1265)
= -0.172, p = 0.864). 3HH, A4+ gkQlof W& R
9] Aol= FARLE fo3t AR mpotE gt
(41265) = 3.142, p = 0.002). Fab Q19 A=
22 892 uT + 0.5922 Module 2HR19] 4.64 pT
+ 0.99 B} 1.94] 2 $£3Q0 ZAo2 Yergth

LCD MZESE SAZZAS| SAFLAPIY =559 A+ 15

Figure 1.a°] Yebd A3 2
Sk zpo|7t Q= AoE EAEHIT
(A3, 1263) = 5.497, p = 0.001). CF 33L& Agx
&3] 11.41 T + 1.132 7P & IF°o= wof

AL, TFT?F LC 542 8.64 uT * 0.829} 7.54
uT £+ 1.1602 &7t 1502 yepdth ¥, Module
T2 AYLETFo] 4.64 uT + 0.99°0=2 7P <2

FogZ motE it

AUl A GL-ETFL Figure 1.bofl UERH A3 &
o] FAHCR ‘rr—’]?l' b7t e Aoz BAEITH
(K15, 1251) = 17.089, p < 0.001). A=E XIx=Z&

Table 4. Area exposure level to extremely low frequency magnetic field on 3 cm away from equipment being measured

o Number of ELF-MF ceiling value(uT)
Classification p—value
measurements  AM SD SE GM GSD Range
A 685 8.10 17.61 0.67 2.48 445 0.07~198.70
Company 0.864
B 582 828 19.33 0.80 2.69 459 0.06~287.20
Production Fab 1048 892 19.03 059 2.72 479 0.06~287.20 0.002*
line Module 219 464 1460  0.99 1.96 315 0.19~198.70
TFT 460 864 1759  0.82 2.56 500 0.08~186.70
Main CF 244 11.41 1758 1.13 4.08 468 0.06~120.90 0.001*
process LC 344 754 2159 1.16 2.22 436 0.06~287.20
Module 219 464 1460  0.99 1.96 3.175 0.19~198.70
Deposition 220 1036 19.78 1.33 4.03 4.05 0.07~186.70
Photo 309 845 1347 077 2.63 518 0.06~87.89
Coater 1" 772 1095 3.30 4.01 3.01  0.94~34.41
Etch 106 863 21.16 2.05 1.89 533 0.08~124.80
Strip 1" 5.69 6.39 1.93 2.82 3.77 0.42~17.30
Polyimide printer 138 6.79 11.99 1.02 2.65 3.91 0.11~91.49
Rubbing 105 542  11.91 1.16 1.85 426 0.06~96.48
Vacuum alignment 19 262 503 115 122 324  0.10~22.77 \
Equipment system. , (0.001
One drop filling 57 3.97 6.63 0.88 1.51 3.86 0.14~30.23
Implanter 18 786 1495 352 2.63 477  0.20~63.30
Cullet, clean and 215 450 1467 100 192 307 0.19~198.70
polarizer
Inspection 12 2.12 2.49 0.72 1.34 2.60 0.37~8.95
Operating system test 3 0.59 0.24 0.14 0.55 1.64 0.31~0.76
Roof rail 4 123.27 13886 69.43 4147 764 4.76~287.20
Panel board 38 26.46 23.67 384 1318 477 0.19~72.72
Operation room 1 0.24 - - 0.24 0.24 -
Total 1,267 8.18  18.41 0.52 2.57 451  0.06~287.20 -

X AM : arithmetic mean, SD : standard deviation, SE : standard error, GM : geometric mean, GSD : geometric standard deviation

*p (0.05
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Figure 1. Extremely low frequency magnetic field by process and equipment (alphabet letters indicate statistical differences

at significance level of 0.05)

e Roof rail(d% #g)o] 123.27 pT + 69.430
27 =& 0Fo07 YEiyTth 1 th29F Panel
board(¥f LHJ)«] A Fr=ZFo] 26.46 uT + 3.84°0%
7t 50 s motEQlry. mRge R, YA AH|
(fl: Deposition(F3}), Etch(212h)= AR LR 71

2 A9LeEFHW- 9 0.59 ~10.36 uT)S Hol= 1
FOoE FEHAU

3. A2l [[fg A== Hat

£ aTE 24 A 2 Aonzue LAY
Sfaf oA 3 m Woldl AN 24 Adwd
o] U 42 5 uT) oAel AEEl: g, e,
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v AEho] s 10 em@} 30 en EolW AgoA F7}
EX3& *‘Alﬂ%‘ﬂ Z 38719 AHof] disl 3 m A
olA &8 = 30 e AZlelA 71 S-S AAISIS
o, 13 30 cm A4 Z89 ghol 3 cm A
ZA7k] °F 90 % $FOo & AT YR Hu|(57)
A= 10 em AZOIA F7} ﬁ?ﬁ% AASFA .
FAFoA7 1G] A GeET2 Figure 201 YERH
At Zol 54 A7t “E*Oiélj—ii AR Fost
Al Faoks Ao2 BEAEM ARl 3 cm@t 30 ecm
oflA S5 38719 Al gt A& Figure
2.0 yepd A3 Zol A 3 cm¥ W 39.06 *
9.63 pTAY ol Azl 30 emollA 3.07 + 0.59 uTL
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Figure 2. Extremely low frequency magnetic field by measurement distance
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Figure 3. Worker's exposure pattern to extremely low frequency magnetic field during a working day
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