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concentration at 394 mg/kg in korea.

- In Korea, gneisses and schists, which are Precambrian
metamorphic rocks in the Gyeonggi massif, contain high fluorine
concentrations.
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ABSTRACT

This study was conducted to investigate the geological distribution characteristics of fluorine in rocks, which can be a major resource
of forest aggregates in Korea. Samples of forest aggregates were collected from 224 sites in 22 cities and counties for this study. The
national background concentration was 344 mg/kg, which was significantly lower than the average fluorine concentration of crustal,
which was 625 mg/kg, and slightly higher than the average fluorine concentration of world soil, which was 321 mg/kg. In terms of
region and tectonic structure, fluorine concentrations were investigated to be highest in Gyeonggi-do(394 mg/kg) and Gyeonggi
massif(396 mg/kg), respectively. The concentration distribution by the origin of the parent rock was in the order of metamorphic
rock(362 mg/kg) > sedimentary rock(354 mg/kg) > igneous rock(328 mg/kg), and the concentration distribution by geologic ages was the
highest in the Paleozoic at 394 mg/kg. The concentration distribution by rock types was in the order of diorite(515 mg/kg) >
gneisses(377 mg/kg) > schists(344 mg/kg) > phyllite(306 mg/kg) > granites(305 mg/kg) > quartz porphyry(298 mg/kg). Consequently, it is
speculated that gneisses and schists, Precambrian metamorphic rocks in the Gyeonggi massif that forms the crust of Gyeonggi-do,
contain high fluorine concentrations.
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A AN AL BAQHA) A RS A slo] Ba HEE AL
B 52l 625 mg/kg BTt AA S| won, A4 B BT B

Y B0 Ak BE EAS AR 98] 227 AlT-9] 224
Folct A B4 WA S 344 ng/kg O 2 QFAo] 2|7+ H
FEQl 321 mg/kg Hrhs tha &9 A FEEEE T

71 394 mg/kg, 7+ HE 336 mg/kg, AT 318 mg/kg, AAE 289 mg/kg, AEHE 271 mg/kg A2 ZAE AT XA 20 &
St FEREE= 7SI 7) 396 mg/kg O & 7Y ko, E|HEX| /Sl &5 =) 349 mg/kg, S5 291 mg/kg, FE
53 281 mg/kg, AAAEA] 259 mg/kg AR ook B ARl Qg FEEEE WYl 362 mg/kg 02 M w9,
B4k 354 mg/kg, FHIY 328 mg/kg AR RAFE| QI XA O Q% FERE= AT 394 mg/kg S &2 7MY =9kor,
Eg}olo}A7] 391 mg/kg, A7 Eg]otA T 368 mg/kg, F2t7] 359 mg/kg, ATHulA} 324 mg/kg, A|47] 314 mg/kg, Wet7] 304 mg/kg
AR Fo0 dFol WE B4 TEREE AEYo] 515 mg/kg 02 TP wokow, HulbR 377 mg/kg, HUF 344 mg/kg,
Zuf 9k 306 mg/kg, SFAF 305 mg/kg, ARt 298 mg/kg AR RAFE| QI & AFATE FEEIEH F7E A A9 2|zt
= °o|F = 7151 U A E oAt AUl HullRel HARFIF =2 529 4 TAL eS¢ 5 ok

FRO| @ B4, 2A, AAHEA, sERE, EgeaeeE

.M A

A= =R A AL, 57 BA] S FF
& A= ARRZREAE R SRS AR g A
71 S8 AR EE B4 AR Tk 22 AR
A 2T EANE FAF SOl FEsHA A,
olE 9l AEEE AT 242 eA" ARI7F A%
Aoz HuwHA ARA AR tiFEIL Sk G5
AN 19981 9 M2AY=ERE| P 2R Y
SPEA] mARE 6430 4] Pof FRIEER HdE A
2l e 2R ofEF 7S WRte, 20129 6
= A2 A opA el HZEY it o 9] 24R
A" HEAE 10d GA PR Ho, FHOR =4 @
A& o71FT). shaAl= 201749 HZA ol it EFe
A 2ARE AARE A BEFeAeeE =4 e
400 mg/kg & ZIpsto] HEE QAL 20189 EAMfA =
38770 A, 85571 Alm7F 23R Aoz HEHU
20184 14 71t IHd=AlS A2 AEv)d A A

o FAAME B HTIeS
S5 H7F glom, o= A B
S =G4 W Aol gl 7]
Th(Lee et al., 2018). ool A& A&+ - FAHAF H
A, QI w|FEat FRE=APNE 1589, 2bd 37] 414
FEFUAT 7o Folx] WAEE =9l o Ba 2

o =

o O
Foz Al et AR wHilo] Eobx|ar Qi
Eae T2 XY zop7ke] FEFE vA = daR
AR AFE S8l Aoty A% 2AE kgt &
A ool & Ak gtk shARE ket 429 43
= Wl 2opo wHE AeE sk, dE 2 Xs
Zoll, WaEH| AL A A ofddke Xtk 2E A+
S A S T 22 U Ao WHES =
Qlttal B 5kl ¢tk (Camaro, 2003; Oh and Lee, 2003;

Rao, 2003; Ayoob and Gupta, 2006; Ozsvath, 2009;
Dehbandi et al., 2018; Yousefi et al., 2018; Zuo et al.,
2018).
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af WAE 4 AL A W EAsE 19y 3t
2} 8315 Fof Aoz WAL= Stch(Na et al.,
2010; An et al., 2013). E4AE 33310 Q= FES 5
W Jfof o2k Aoz U A ‘,{,\9‘ (Weinstein and
Davison, 2004), t)3%2 A 52 &AM (CaF,),
¢13] 4 (Cas(PO,)sF), W78 A (NAAIFy), Hejoff-uto]E
(NaF), E3}2(Aly(Si0,)F, S©¢] ¢Jth(Handa, 1975; Hem,
1985; Apambire et al., 1997; Cronin et al., 2000; Saxena
and Ahmed, 2003; Weinstein and Davison, 2004; Chae et
al., 2007; Edmunds and Smedley, 2013).

A ZF AA 9] B4 HAHEFS 500~1,000 mg/kgo]H, &
3] S Aol A= 1,000 mg/kg ©)/o] Eadege] b
B o okal BauEgloh 59 Aol EYed
©.217122] 400 mg/kg & 2SI A7} HiLElglon], =
oF W4 0 Zs} oA A lo] s Waet

= 7FsAS AIXSFATHON and Lee, 2003; Ozsvath,
2009; Na et al.,2010; An et al., 2013; Lee et al., 2018;
2019; 2022).
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Loyl AFEEA e B BEXEAS A 98|
A AT 545 aLesto] 227 AlH9] 22470 A
HollA AH-EA(AA) Al&E AF 8 TH(Table 1). £A}
AL A AR LAY A eHlHolE EEHEL
1 tf 50,000, 1 o 250,000 =Z| A AL AlFsH= A
ZUHE_(O]—}_’ ;{]Z]/\]\;H E)g]_ 6’]47(4__[L0ﬂ5.§_ 7]%; 6}—0:]
AAsEAT Aol 270 Aol Al 137) Al 7]
Lol A= 127] AlFtollAl 1037) A&, S8 &=olA= 370
Aol A 4770 A&, b= 371 AlEollA] 2771 Al
7, o)M= 27 AltollA 340 Al 'S AT

2.2, MREEX MEMF R X2
Ak

SR ARE 2403 48 A 08 )
40l B2 AS YO AL, Ba B Bt
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Table 1. Survey areas and sample numbers

Survey Areas rili;né)el:s Sum
Gangwon Sokcho 7 3
Yanggu 6
Glii(l):::iil/ Gapyeong 11
Goyang 2
Gwangju 7
Dongducheon 8
Ansan 3
Yangpyeong 9 103
Yeoncheon 14
Icheon 4
Pocheon 33
Incheon Eurwang
Gangwha 9
Ongjin 1
Chungcheong Goesan 16
Geumsan 14 47
Chungju 17
Jeolla Gangjin 17
Muju 5 27
Goheung 5
Gyeongsang Ulleung 16
Hapcheon 18 34
Total 224
£ WAt 2 A A 10 kg RS A
Hom, Y3t %ﬁ*]i— g2 sfHE ARgske] a1t
HFE & AR A & 2R Zﬂﬂé‘}@‘i AlAret &
-2 0.075 mm(200 mesh)

o thel RASHOM, S5 HAS 113 Agilent AL
Agilent8453 2] A -7 34 B33 A (UV-Vis Spectropho
tometer)E ARSI T

3.1. I HiEsE & HYH s 22X

22470 A7 BAAT vt A EA 4 A vl
e Bt 344 ng/kg(GAFL 298 mg/kg), Ao =
2,122 mg/kg, A %= 17 mg/kg Q1 ALo2 ZAE T
oFAe] 2|7t it BEA HEQ] 625 mg/kg ol H|E| HA
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Table 2. Fluorine levels in continental crust and soils of the world(Lim et al., 2018)
Continental crust Soil
(n?go/rl;g) Criterion Source (n?go/rl;g) Criterion Source
500 Upper crust Shaw et al.(1967, 1976) 321 World-soil average Kabata-Pendias(2010)
561 Upper crust Gao et al.(1998) 453 China Wang and Wei(1995)
611 Upper crust Wedepohl(1995) 166-288 Switzerland Polomski et al.(1982)
577 Upper crust Rudnick and Gao(2003) 113-475 UK Fuge and Andrews(1998)
625 Crustal average Hedrick(1995) 300-430 uU.S National Research Council(2006)
2300 AL teshoecomry 710N U B SIS SRISAL ARG 22470 9] HlolH
DI ovememe 2 TR, w0 4R1 AYAT, F0 E] et
ST Rl bE B Sl
o IL: Jeolla-do
;;:" 1500 SS S 32.1 AA A=
2|, 8 AR A2kE o] T S)ueke] Fu, T2, 44
Sol GARE T Lhrol %3, 24 9| v yels
ofujstel, Selers 47183, Sas, A8,
A7) (Choi, 2013) % £7pw9] Bl 5 i) 2 shicz
- Ao k.
, A5 AU 55 A A oA sHe A
s A 7VE-FBAGY 2de AU A7 2d-a0n F

Fig. 1. Distribution of fluorine concentration in aggregate by
region.

8] @orow, AA B Bt 4 559 321 mg/kg
th= th4a =T (Table 2).

HAE sE=v A%t Bt 336 mg/kg(SFAk 344
mg/kg), Ht 5= 587 mg/kg, A FE 46 mg/kg, A7)
Tt B 394 mg/k(EAE) 333 mg/kg), A HE 2,122
mg/kg, 4 F= 35 mg/kg, EHE7} B+ 318 mg/kg(E
oF7k 303 mg/kg), F ) == 827 mg/kg, A = 25 mg/kg,
Hetesb Bt 271 me/kg(RFgE 275 mg/kg), Hd %
521 mg/kg, HA F% 17 mg/kg, A E7T Bt 289 mg/kg(
o7k 269 mg/kg), |t 5= 977 mg/kg, A = 80 mg/kg
o2 A= IekFig. 1).
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£ 3 R $EA 4 9, A ol 2
A, old &85, 73}, 27104 103712 A =2E A F s}

Ao, o= 5—?‘5, FTolA 7T AlmE A St
o] A71&e) dFdt= Alme & 11070t E4FE
w4 A A7 sEels AR Bdt =4 T e
= 396 mg/kg(E7k 342 mg/ke), H] Hx= 2,122 mg/kg,
HA =& 35 mg/kg ol Ao r ZALEAHFig. 2).
SHET A= Ao &9 SHdietar A A st
XdUHOPEEi -TL’“EJ HAAE AU = Aol 4
AR O] A3 FAgS Seke EAS
v‘i—:‘?at T F9ez YA SHGIHl s
A A= AdE SxolA 67H A&, &
A Wik FAE S04 4770, At AR, Tl A
107] Al &5 AFoto] SHGTH Fote Alae &
637olth. RGO st AlRY B =4 F
T 291 mg/kg(E43E 292 mg/kg), ] == 827 mg/kg,
A = 25 mg/kg 91 Ao R ZAMEUCHFig. 2).
QST P AR 29 ST BHo] &
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ALL: The whole aggregate
X : average X .
+ oither GM : Gyeonggi Massif
OB : Okcheon Belt

2000 YM: Yeongnam Massif
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Fig. 2. Distribution of fluorine concentration in aggregate by
tectonic structure.

0
ALL GM OB

Aon, AroAs dATNA 1Y ArE AHFIst
of =) sfFot= Alme T 2070 olth. FE=1]
of sgsh= AlEe Hat B4 s 281 mg/kg(TF4k
310 mg/kg), H | == 521 mg/kg, HA H= 17 mg/kg?l
Aoz ZAE QI thFig. 2).

AR e EEel Abesh, AT wety]
el FAE 52 AR, 4 Bok, T4 d S|
g Ql(terrane) E|A =2 FJHTh FEA ol siEdt=
A9 o) A Fe Aot aLgoA 1719 AE A
Aokl o, Ao s FHwolAl 14712 AlRE A
Fsto] AdEAel sidehes Alme & 1570 ofth A4
Ao Gt AR Bt T 259 mg/kg(TFwk
257 mg/kg), 2| =X 447 mg/kg, A %= 109 mg/kg
¢l Ao w 2AME|QITh(Fig. 2).

B A &R St = AT &5 =5 3k S8t
HaxohA| Exsh= A|3719] EAREAF WEASF e

F3a AAFEE ol£3 ok B A/S o] 3
She A9 E5ER AR o= F 167 ot &5%
O] Bt = 349 mg/kg(FHEE 292 mg/kg), | =
977 mg/kg, #4 &%= 80 mg/kg &2 ZALE SITHFig. 2).

3.2.2. o] A¢l

mte] Aelo] o3 5o mhe} 34eHigneous rock),
H AJ 9+ (metamorphic rock), E|Z Y (sedimentary rock) ©
2 phslo] Bh 5 BES 2SN Fig 3). 54
o A== 11271 ow, Bt 5= 328 mg/kg(F-4 4k 293
mg/kg), ] %= 2,122 mg/kg, 2|4 5% 17 mg/kg o]t} H
49 A== 907) oW, Bt F& 362mg/kg(H ARk 332
mg/kg), H H= 1,218 mg/kg, 4 H= 17 mg/kg o[t} E
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Fig. 3. Distribution of fluorine concentration in aggregate by
parent rock.

A Az 2271 AlgolH, et 5= 354mg/ke(FTF4k
283 mg/kg), H = 1,189 mg/kg, 4 5= 81 mg/kg
o 2T WAYL AR EE B b
£ 3851 Q= AoR HE Il ¢l o (Fawell et al,.
2006), H/d A& 2H7g ol w=t 100 ppmof 4] 5,000 ppm ©]
Ao| SER $27} B uo] ek 2elA 9tk Malago
et al., 2017).
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Fig. 4. Distribution of fluorine concentration in aggregate by
origin of igneous rock.
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Fig. 5. Distribution of fluorine concentration in aggregate by
SiO, content.

Alae S, ASY, P s, A, IS
©2 727 N7t sidET, Bt F= 310 ng/kg(FY
} 295 mg/kg), Hl == 1,084 mg/kg, HA BT 17 mg/kg
= e oleh vl el Ak Alms Mg,
et o2 77 AlR7t s, Bt w364
mg/kg(EAEE 269 mg/kg), Ht| w% 759 mg/kg, A E
& 80 mg/kg O 2 FALE YT SHAGH] FdEle AlRE
SEIRL, ZheiQL, ZWRL AL, QML FEY o=
337 A&7t S, Bk FE 358 mg/kg(TFak 292
mg/kg), At 5% 2,122 mg/kg, F|A F= 101 mg/kgo =
2ApE| ot

E3h, SHdrellA] Si0,9] dhFoll whet 65% o]l At
3%k, 65%N4] 55% 7HAI/1 F/d ek, 55% olskel |71
Qfoz BEslo] i kv HES ZARYCHFig 5). A
ool afFdt= Alme W, SR 5= 637 Al
=27F s, Bt s 304 mg/kg(F J%k 294 mg/kg),
A == 823 mg/kg, F|A = 17 mg/kg 02 ZAME R
ot F4%el gl AR S, PSS kAt
b, 2He, A So2 287 ARt idEM, Bt
= 343 mg/kg (YT 295 mg/ke), H Y == 1,084 mg/kg,
2|4 5k 50 mglkg o2 AT G714l sidet
= Alae drdy e S/ AlmTL siE e, Bt
% 240 mg/kg(E47t 123 mg/kg), s 763 mg/ke,
HaErE 89 mg/kg 0.2 ZAMEQITH

u:
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Fig. 6. Distribution of fluorine concentration in aggregate by
geologic ages.

BE57) 520, FAEE =FE AR ), A=
A, 1%, Bza gyt 8, AEE ddow
NR47E VAR Apueopade] sgale Ans %
7278 oltt. AMB oA ARQ HA =T 368
mg/kg(ZF7k 345 mg/ke), ] H&= 1,218 mg/kg, A 5
T 17 mg/kg Q1 Ao 2 ZAEAcH(Fig. 6).

Aol sigshs XY & A7 es 7HEoR AR
7 DN, $3%=s T4, a4k SF2 Al 7L 1571,
Aetes ARor Ags7t 4, Ad=es SR A
g7F 21E Altiu)dol sfEdshe AlEe 5 2270 ofch
Altjul A} Al 29 Bt EE 324 mg/kg(E3S44) 313 mg/kg),
A %= 827 mg/kg, A F= 25 mg/kg Ql Ao=R X
A= AT

aAde] sl A9 5 A7|= AF, 24, e
2 AN ST 3, S 4 TR ARFTF lE
ol et Alme F 97 olth A AlRY
Bt s 394 mg/kg(FYHE 354 mg/kg) olH, | &
T 1,189 mg/kg, H4 =% 81 mg/kgQl Ao2 Z/\}E]@E]-

24t Eetolobarlo] AP MY F FUEL
22 ANgp7t 20, A7ee 24, dd S¥se= *]
g7F 3/|E EgfolotATof dFtls AlRe & 57
ojt}. EgfolofAy] o) Bt Fe= 391 mg/kg, AW F%
509 mg/kg, A T 203 mg/kg Q1 A2 AT

Fe7lel sidshs A & Feee S, F= Al
g7t VN, A7 e 7, 39, B, OW EA,
Aetm AlmaTE 2870, S =T 24t SAt, SR A
g7F 1Y, Aetert Axle s Alg47h ViR F2t7]
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of sigsh= Alge & 470 oltt. F2hr19] Bt =
= 359 mg/kg(E7k 302 mg/kg), H] =% 1,084 mg/kg,
F4 = 35 mg/kg 9 Aoz AT

wol7]of Slets Ao & JARL S22 ARdvt
27W, A7 FE, AFH, 24, A FIE AR
127}, 33%=7t 4k, SARC R A&7t 107), Aetes
B, G, FER ATt 147, A e R A

247 171 wepr|e] igshs AR % 517 olct. )
o}719] Bt i 304 ng/kg(FATt 252 ng/kg). Hoh

FE 2,122 mg/kg, FA T 17 mg/kg Q1 Z 02 ZARE QL)
A47)0) sgalis 2o 2 Ar|es 71, AHoz A
247t AN, AREE FH, SEER ARSI 1TAR
Al4710) gsle Alms & 2170 olch A47]9] Het &
T 314 mg/kg(EA4FE 273 mg/kg)olw, Ao = 977
mg/kg, H2 H%& 80 mg/kg Q1 AT ZAIE Q]

3.24. oF%

teol= SR, HAYR 2 EAYdRF ol W
o, 1 AHAIE AYE
FAHE AA A8 A4z o
9 o Fo =, YR BT %%ﬁ
o2 % o2 A=A ik

Aol A ol SRe e, Enst

%“45}70*%‘, 24 SRaket, AR E%
s & ST/ Al=olH, AR HE oAt = 27} Al
2, Adul g2 U A&, S8 Egtolofi7]= 7)) Al
=, %‘43}71% 3871 A&, wetr]= 127 A&7t st
E4 ot 55+ 305 mg/kg(ESTE 296
mg/kg), H = 823 mg/kg, HA F= 17 mg/kg QA A
o2 A ATH(Fig. 7).
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Fig. 7. Distribution of fluorine concentration in aggregate by
rock types.
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Bl vl anleo 24 Buleh 5 & s47) Al=olw,
AR elobA = 487) A, Alfulake 47) Az, wjet
71 1) AR, A 1) A7k s dolehn
o] EA Hoyt = 377 mg/kg(%oo%} 339 mg/kg), &t
1=t 1,086 mg/kg, H4 % 17 mg/kg?l Ao 2AFE| QT

AL BT & e R T
semusl Henns 5 % 12719 =7t o
ul, A EolAle) 87 AR, Aljuld 47 AR} s
ek HolRo] Ba Wi LTl 344 ng/ke(RAT} 304
mg/kg), HH X 701 mg/kg, FA H%= 94 mg/kg Q1 A
oz At

Aok Althuld 670 A=, A 37 Alm= F 9
M A B} e, B B SR 306 ng/ke(Rg
296 mg/kg), | =% 483 mg/kg, A X 90 mg/kg
Aoz A

AU AREZ oA 17] A&, Altiald 17] Al
&, Fg7] SA NBE F TN AE7F S, B4 3
I == 515 mg/kg(EEE 472 mg/kg), Ft 5= 1,084
mg/kg, HA %= 114 mg/kg Q1 A2 ZALE T

Aoulelke wholy] 67l A =27) FEY, B4 Hot =
= 298 mg/kg(F7E 242 mg/kg), H Y %= 753 mg/ke,
2|4 F= 80 mg/kg @ Ao AT

N AlEe] 2247 A Fd e A *JE‘D%XH(O *—1) ANaE A4
ato] A=t v s =, A, Adsh 542 X
Xﬂ?iﬁ kol 4ol 8 dFoR ?%’8}04 Ea %E
iZE Z*}o}@“:}
Hﬁl“— = ot 344 mg/kg O &2 LA 9] A
625 mg/kg Hrh= @A Hon,
=9l 321 mg/kg W= tha =gk
o}, Aoy Ew A7|e7) FF 394 mg/kg & 7}
=9rom, 7wt HF 336 mg/kg, =7} 318 mgkg,
A=} St 289 mg/kg, HeHE7} Bt 271 mg/kg <A

|0 7 Ea: S EHELE 271837} 396 nglkg
o2 7H =9ron, E|AEX/SHAMQ L2 =7} 349
mg/kg, &G 7} 291 mg/kg, AE=17} 281 mg/kg,
AAFEX| 7} 259 mg/kg A2 =9

mote] Aolo] ojg Ba BERIE wAc] W
362 mg/kg 0.2 7H E=9rom, & Qo] H 354 mg/kg,
shAgoro] Wit 328 me/kg AR SkTh SHIere] A4



240 ool - 71A47] - 7

oo WE FERZL WAkl Bt 364 nglkg O
Pg Segrom, shaietol Wit 358 ng/kg, A4l
SFtt. S0, FeFol w2 HEE

&
&
>
>
b
i
30

XV‘*WOH Ofgt B4 TR e AN AETT Bt
394 mg/kg 2 7} =gkow, EglolotAr] A&7} H
w391 mg/kg, A E | oPAIT) Al =27} Bt 368 mg/kg, T
2}7]7} Bt 359 mg/kg, Althu]A; A&7} Bt 324 mg/kg,
A47] A&7} Bt 314 mg/kg, WMolr] A&7} Bt 304
mg/kg A2 =9t

Aol ot 24 FEEE= AEU0] Fat 515 mg/kg
oz 7P Eokon, HupekR7t et 377 mg/kg, HUAF
7}t 344 mg/kg, Hufjto] Bt 306 mg/, SHFAFIT
305 mg/kg, A FREeto] Hat 298 mg/kg A= =Tt

AFANE FEEH A7) %= A9 A7 o] F
= 7&171173,] U A7 glolA| ] MAlQtel Hulel=ol H
7 52 529 545 dshl e &+ ok
ST BRI Ea Vs A8 6‘HE?I;, B
FLATHIE 1, 2 AY 22297 4
25 AR 65712 29.0%0 EH%PEJU%, 7|
323} 1’412‘47& 1, 2 A9 E42H7]% 800 mg/kg &
ZISh= AlRE IR 4% sigEct. 7] 32
B0 97|12 2,000 mg/kg & ZWBH= A|RE IR 2
AP ATt

A=A el EAsks &4 %ol it Brhid
ojuf 7| AIYEA ot SR EEAHHENS
Z83l=t, Azt B4 PabsEE 625 mg/kg Hof W
2 400 mg/kg o & = Qlek. o AtollA 7] H
O] B4 w57t Bt 394 mglkg & A=l OH,
HA| 2247 AE F 657021 29.0%7} EGFe P&
1,2 A9 E499 7]129] 400 mg/kg & 213 Aog
ZALE Q= S AT ofy et BSFY] B4 Ve
AR & A9 AE Farsto] Aol ot &
4 P AlPsior & Ao® AlmETh

¢
¢

]

1:1

5. &= ¢4

S AFZA ol Al EA e E U EE &
At AHE At RS Aoy, oA W EAE F
Feh FEo gt A, FETH At ool &
T}SHH(Lee et al,. 2018; 2019; 2022). o]0 & 7= %
2iuel AgER 20 23Yel obAo] Ba kw B

o NS HE EHL sorsh

g ojoj7} gk, ook

s
?i——u—ﬁz—

gy
WE
©
offt
ox.
o&L [‘lT
ﬂd
o) m{w

o] =Re FHAAAUATANA AT Y= =
EuEE «2024d ZARFLAZRAF E B2 (IP2024-008-
A e G U T ERF =12l Tigh Al

2024y THA S E %
e AR ARES Al AARSIY BEA A=Y
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