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ABSTRACT

FHE A FZEHE U 29 5= E2 4S8 nefstr] flsto] 29 v s =5 4Hdstl L d & Brlelelom, &
5 ZHolk= 9908 telolth B EHE W 2 st Fof Aty Mal-npitgt, FofAte] 4t Aol A AF
5] =7 Uehgdon, 1 9] E|H 8-S CsoF AR R EE Holm 0.21~39.5 ng/kg (13.6+7.80 pg/kg) AHo] o] e == el 9l
o} = A E A E allFehg 7|t vl wet A, A Aghe] RFEHE (n=282)2] 8 %7t Fo] 7|52 ZTtelom, FalAte]
241} Q1T 31 (n=6)°ll A Te]7|EE Zst3iTh Csoll thet A3 3] A4 o] ZAFEAS Foll APdRt vl H 5 (2.06Cs+1.75) 5
o]-g5to] 2 FHEE AL, o] F o] 85t w5 Hol| 2 2H 81 AmH T 2 552141 <1.69 HY oA = E
HEY] YL, 1.69~4.03 H9l= Fe ARAISHE 9 f718 A7 £2 PALS Hof T8 £H a0 &8 WaE Q) 4.03~74.9 H
£ T 355 (Cu, Zn, P)7H 2 TAS S Bl ow, SajaAte] 14, &%, &7 At e f71eart 8 24 %1013
, DGRt 424 (n=30) 0l 4= R0l Q1A' F8let S AT o] FFo R FEUAAY] A AR F-Y el ZIIgthar w

= ot gt FoliAche] Zal-npitgt Al =] o= AHA LR w2 e FAT Aot 2 550 o o=
] gloh

To determine the distribution of mercury (Hg) in the coastal surface sediments around the Korean peninsula, the baseline concentration
of Hg was estimated, the extent of contamination was assessed, and the factors controlling the distribution were discussed. The
concentrations of Hg in surface sediments were significantly high in Jinhae-Masan Bay in the South Sea, Ulsan-Onsan Bay and
Yeongil Bay in the East Sea, but Hg in other sediments showed a similar distribution to Cs and relatively very low concentration
between 0.21 and 39.5 pg/kg (13.6+7.80 ng/kg). Compared to the sediment quality guidelines in Korea, 8 % of the surface sediments
(n=282) analyzed in this study exceeded the values of the threshold effects level (TEL), and six sediments collected around Onsan Port
were higher than the value of the probable effects level (PEL). The contamination levels of Hg were assessed by the enrichment factors
using the baseline concentration (2.06Cs+1.75) based on the residual analysis from the linear regression line for Cs, and further, factors
controlling the distribution of Hg were discussed by the comparison with geochemical substances depending upon the Hg enrichment
level. Hg concentrations were correlated well with Cs concentration in the range of less than 1.69 of EF implying grain size control,
while in the range of 1.69 and 4.03 Hg concentrations were correlated well with Fe oxyhyroxide and organic carbon contents, which
indicates Hg was enriched by superior sorption capability. On the meanwhile, samples with higher EFs (4.03 to 74.9) showed fairly
positive correlations with other metals (Cu, Zn, Pb) rather than geochemical substances. For samples in Youngil Bay and Ulsan-Onsan
Bay (n=30), Hg concentrations were correlated only with other metals rather than geochemical substances implying simultaneous
supply of metal particles from metal refineries. But samples at Gosung, Sokcho and Uljin coast were correlated well with organic
carbon even though they had high EFs. In addition, samples in Jinhae-Masan Bay with high contents of S were enriched by relatively
high sulfide formation.
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FE4S AT WP QNBEL Fol A4H 02§ FO7 whEElo] shovl, tr1S 51 A, 1L B 7Y
5 clpel A28 AR A0 2 G ko 49 d 5
122, SASE TE B el ST YT CHTS YR BN AR QR 08 ST %ﬂ-i}

o} Hste] ofjt 7‘HE(remobilization)i &5l 5ol TRt HAA]
[e)

W 5ol EAfcks TS =0l SE o] el ete 4 o= HoH 4"3?}% 0l 4 ‘ilEUJL "a‘—‘?— =
42 A HolAEE Fot] AEasF2 A S 23R ARG dA A=olA FFE PIA71E TK(Clark,
2001)

FTEH T T2 R B2 -8 & AR o] gLom JA)) ©F3,0007H4] o) o] -85 = AREE| AL Qlrk. TF e ol
HIZE| QS o, 3 -2 H} 54d0] e HlE4-2(MeHg) 2 2 3fskgo] Mgt 4= Q1a1, QIAlof| 5242 75
njuter ) 55 o7 |A717] & St o2f_t 4-2-0] offeko = R e AR HA]Q1 Aol A Algre] Tt} €& H oS
74o] njupater Yofo] g E| ) o m(3lleE A, United Nations Environment Program),
= =351 47 1@44%}7]7}4 T2 SRS FA5E] ffsiA A4, 5712, o

3
Atmospheric Mercury Network ). =3t O]—%%ﬁ —/?»0—73;5.041 (Slm et al., 2008), TAAE 5 42279 ‘Ek-i oAl qu7]-
(Kim et al., 2007; Mok et al., 2010), ThJet A HIAIEEC] S71ol hE L H=d o FAUFH 2 e dd w25 et
e A7t 4= =] {9t (Han et al., 2016; Hwang et al., 2015).

22 315H o] whet 2] F45-94(Hg), 77 15-2(HeCl), 7715-2(CH;HgCH L 2 EREH, 2 o2 v

e 8.2 P 7] T U 20| BRIoIch 42 U -2 YRS 2 2 oK 950,
Allison and Allison, 2005) 2.2 2I5}o] Ao} 17 A, HEsrt F2 dojup= EJZER olFslo], 57|14 274519
A 8712 3 AR AISHE 7} Aeo1o] EAEIchMason er al, 1099). 8 HHE] 2714494 30] o1 348 5

SF e BRolE @A 0 7 B o Byt AA L] 7| T S5HH(Benoit ef al., 1999; Eggleton and Thomas, 2004), ©] 2o &= 2]
F @ Ao ofet 21544 Q1 7r4lo] k& 4= Ath(Berzas er al., 2003).

AL FZEAE U 522 20 7[5 B AR ol 540l ot g Hrt QIR 8ol A o] -2 f4le] T
T IFES | Qo B F 420 ERE ofdlfohs A2 g2 oA gt @ @ Ttof| QlojA] SRS AmE
-89 4 Atk Horvat et al., 1999). FU] AT BFEAE W -20] P AFEL T2 EHE Y 52 R 547179
AT 5o Wolo] o] Fo| A LEOLKLim et al., 2013; Ra et al., 2014; Sun et al., 2015), tHF-E-2] A7} =-2| 2 o]oj A =]
ALtehd& i 0 = ofsffelr] o at, =i A%t E|AE W] 422 v st 0] 1A Aot L AEE B
etk

THRA 2 oA it 4 Aol g4 o 4 S EES 8o, HHe o2 s X 54<

=
”ﬁmo*zwa, e #%%Ex}ﬁ% ujto 2 40 ui e Aok, o] S Besle] AR 42 0 S WS
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S U= S27HERe] 2] EEste] Al - 1 - 5E Aol BT R ERiRtol ] AR RIS w7E= A, At Fa
= B2 T2 oS Eoto] fdEE Ao E dHA QUth(Seo et al., 1998).

Aol AL thek 5-9] 34.5~38°0] ofdol= | 0 = W2 7 et vt 12|31 vh4-0] 5] sfiehd-g whet EAfish= 4
221 glotAA] Fitolr, 7|k, opatt, Zh2 Rt H4nt F7Feh d8] 1 Gttt 502 FAEe)Qa 4 oFd
1, B4, GAPEE Fol SV ElAE T L HE e T T g o= delA Qlth(Lee ef al., 1998; Shinet al.,
2006; Lim et al., 2007a; Choi e al., 2011; Hwang et al., 2013). EZH A dA¢toll = fjof| A -4 01 & 597] 2] sl2fdbd
4% 347171 91xI6ka 9lom (20179 19 7155), I = 1a 1 - 22t ti7| L A=E o] WHEO & n|x|= Fako] vl g=iA
QItK(Park et al., 2010).

oA ti2F 57 126~129°¢] a5l sl .0 & Afsfiotat mbrix] 2 sfiohid o] Fadet 2lopAA] sfiotolw, Fett,
o=ofigt, Zlsf-upatl, SEdolt 5o 2 A oIk 5 Kol-nibe 2184 434 v Ui sligeet Qlslig=o] wet
o] Ajgtel= Riulafdrto 2, S AA A =R E G9=l= QFE4 Foll ool EldE e ¢o] go] X3y /e 2 defA]
QO H(Woo et al., 2003; Choi ef al., 2005; Lim e al., 2007b), Q1S 5730l G == B2 52 o] 5o JkS 5
2] ¢k BEuleko 2 Sajyhe 710 2 B EoIQITh (Park ef al., 1999).

FolA vl WA Fr It AR A2 4L o ATk A|efetar, ehatet sfobi-S HolFm, thE-go] ule- Fa1 25|
2455 ofoHa} FalohA 4l o] §246] S7Fohe £ BRIt s Rolgol Y2154k 1960 AT E 'H
SUNTHIA = 2= vt F2fet A7 s, o] = QIR At Bl A E U T LA sS4
o] =} AAetoll A 71 Azt sl o 2 LA 9l oM (Lee et al., 1998; Ra et al., 2013; Sun et al., 2015), 7L BZo]] 9] 2|5t
FUT2 52] Z.0 2 gl H2d s o2, vlw A 1 HIF AR Fhbto] - = AR ol 19 E2 A eR] 9] o

TS | =7l o2 dHA Qltk(Lee e al., 2003).

[¢]

22EH= A=

E[Z& AlE+=2006~20100] A4 59 2 Uiro] A5 =] ATkFig. 1). & 282719] EJA=E Alm+= RE R 7155 237
(van Veen grab sampler, n=204)2} 52 ZHF|7|(gravity corer, n=78)% ©|-85t] ZHFH =1, EF(~1 cm) F-25F 40

ol 8] ick. AaIgte] Qi AR0] 79, 2006~20108 TSR] il ARNA 712 2P ol A AlE Hor
TPl o iE A g} ol gsiglon] Sk oAk B 49, S AR Ad T 2 RE ATl A

A =SS FEAZX F oAIo|E HEElE(agate mortar) S ©]-8510] 2E W X919 & Stoki A A7kx] Hatstgirt,

o
A& § 422 2ok EEE AR 0.25 g2 HIEE 719 423l 87| (teflon digestion vessel, Savillex ™)oll @of <
2.5 mlE o5t /24 4A17HEES, 150°C 7HEHO| A 2A17FBESATZITE, o] GBS Z-7-=2 2004l 54 5te] YA
2] 2 AFSol-S A5 F, ¢35} =0 (bromine chloride, BrCl solution) 1 ml2 W& ~2-& AISIAZTE 242 US EPA
5

= O
7 W met A= S AR 28 A48 (20 % SnCl, in 7 % HC) 22 7|11 Y578 o]-8ste] 714



o @fGoseong\g
BN o 51 g Sokche
o \’% {I;; \}’MJ&;’{\‘\T{ an R, (B port)\\
Gyeohg.gi ba} ?,;é\g {]- / \‘
N t“% *y B \ k;
Dbt ' - Uit
37°N "3";‘0Aw’1bay AN ’(JUkbyeOﬂ'POl‘t)‘t
Garorim I 7 - | East Sea
L&A Geum R. ’ p
iy G
sis e e | Youngill bay
_'Yellow Sea A i
36N o Pohang’ Z
PR s
* s NakdongR.  yj¢tn-Onsan bay
) &
¢l

¢ }{ eongsan R. o
b SeomjinR.

35°N

34°N

Ocean Data View

~ South Sea
Fe I

125°E 126°E 127°E 128°E 129°E 130°E

Fig. 1. Map showing sampling locations.

A} -o(Hg")0 2 Halsto] 4~ BA7|(CV-AFS, Cold Vapor Atomic Fluorescence Spectrometery, Tekran 2600, Tekran
Co. Inc., Canada)Z 2453 o, BAubHol AR S Hrishy| Qfste] vt = 1A 9S|(NRCC, National
Research Council Canada)®] 5324 MESS-3 (n=21) E[&&E Al=e} o7 E45}101, 1 Z3}E Table 1°f A5kt

B4 Z 28 9 n]gk-2<4 A2 Song ef al. (2014) D Song ef al. (2017)°] BEQE 422 A-851%t}. o] A=
S AAikel] Qit B4 S Tidhe] Aok thaat Ao ek EAE Alm 0.2 ¢ HIEE 719 4t 2ol 871
(teflon digestion vessel, Savillex™)of] @] 12} £ HNO;:HCIO,=3:1) 5 miZ 0185107 170°C 7FE Wl A 6 A7 oAk
Hhg 2 HEAZ 3, 22 EH4H(HF:HCIO,=3:1) 5 mbS o850 919F -2 271 0 & WESAZITh 22} S Hk-g-2&
3] WEEE|Ql O, mER|eko 2 M A4E(HCIO,) | mit 2ESHE4t (H3BO,) 5 miE o851 kg2 A1 g
oo 2 2519t A2 FE -80S 1 % 489 0 = AH5] 3|4t Rk 7| 2ol At Holl A 2Pk e
ot Z2t=nt 9EE37)(ICP-AES, Inductively Coupled Plasma Atomic Emission Spectrometer, Optima 4300DV,
PerkinElmer) 2} =29t Sat2nt A4 7|(ICP-MS, Inductively Coupled Plasma Mass Spectrometer, X-5, Thermo-
Elemental Ltd.)E ©]-85}] Al Ca, Fe, S, Cu, Zn, Pb, Cs& 24515 .0 EA0PH o] At dl Al = S1ols)r| Q)]
NRCC®] 252 MESS-3 (n=48)2 F|212 x| 22} 317 24351 c Table 1).
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Table 1. Measured concentrations of major and trace elements for MESS-3 (NRCC sediment certified reference material)

MESS-3 Al Ca Fe S Cs Hg*
(n=48, n*=21) (o) (mgkg) (ng/kg)

Reference 8.59+0.23 1.47+0.06 4.3440.11 1900 N/A 91.0+9.00

Measured 8.58+0.60 1.47+0.21 4.45+0.30 1690+146 8.50+0.60 94.0+6.00
Recovery (%) 100 100 98 113 N/A 103

e 2ol HAE AR oF 10 mgS 2(Ag) 87101 ¥ 1 M GAto & HREAIA TiEd<(CaCOs) = AIARH 3,
LH

SEtis 35 GO A5 AE47](Automatic Elemental Analyzer, Flash EA 1112 series) & ©|-8-5Fo4 EA5}

>
i
>
rlo
i,
)

=% % Ca Il P A Ag=ollA fefistlr= 71 stoll, 54 Ca B Al &= 185}

of Th-2-2] 2] © 2 AlilstthSong et al., 2011).

CaCO3 = 100/ 40 X (Catotal = (Ca/ Al)lowest value in this study X Al)

3.1 BRIE GOk E|RSO|Mo| Al EHILE, Fe, S7IEKS, BH5E 2T

AT FH=o] 2 e 1914 35 Alrt ot El2lee] MR B =1 sebe] gavo] meh A=) v
of 729 sk ZE E4< olslislr] YA o] F 84E 2P Flet AlstetA AE S4E olsig 2 vt sl -2
= HIE 4552 72 FaE dAl S3E o] JAdsh] wheel, BdE AP AeaE 3 4 e vlEEAo] |
oA E|XE0] 5 5= 5715 Eth(Song er al., 2014). o213t E|21E0] B2 Q)2} F.7]9] SJsfjA] Higtetal 2
2 WA A7) AR SRS, EatelE, 7718, HESE 5ol met Hekd & QLo vl B 2o
= 71 @0 298 A 54 Bk 94 e w50 SA Q80 AT ke Aok mEb 20| R Y55 A

= W7IsP7] sl ol2iet Aletebs] 8 asat 2.0 wi/dol diet al2{7t B asitt.

4o 38 T Al AEZ=d ARl T2 SAshH el 2| f-sAolA] B2 tAaRM EEEe

rlr
N
Tl
F
=

T JFS B5hok B0 84 9 oA 71 2] A AR F ] ARE-E] o] A ghtt(Loring, 1990; Schropp ef
al., 1990; Roussiez et al., 2005; Lim et al., 2007b). ©|2{3t Al 2] & B2 = SHE 2 dAgtol|A] 1.98~12.3% (7.30+1.86%)
RIS Hom, At HR2= Aol AgtollA 2~10%, Holl ALt 2~12%, BollAStollA 3~9%2] JI9IE YetH 3t &
5], Holl At Bf sl o] vl =2 Al FE H G0 UFHtollA 2|t 55(12.3%)E LR AL, Ao As2 A4 o
B2 5L FRE HolH ZIE SRt QI s ol XA F(1.98 %) E HEIUHITH Table 2, Fig. 2).

o
ey

T OhE B E AR e o] Fe FaE= 7 Aol 4] ol Agte] fHe Q1T al19Y(19.0~59.4%) 3 -5l <I9ke]
24 A5 S (11.5~55.2%)= A JekL, 0~10% 2] &% FEE HEFH {TH(Table 2, Fig. 2).

AaibslEat fr et As B Ee] v EHAo| 2 3450 S a8 9 o] 2w ehs=S tiHoh= 2|5tk Jro =,
E|HE W 359 57 daitetEat R B0l Fatshs ool 571 A o2 v Hrk(Balistrieri and Chao, 1990; Belzile
et al., 2000). ©]2|gt Fe ¥ f7[Et40] H BxE= SHE A Atof|A] ZHF 0.32~5.55% (3.27+1.13%)2} 0.00~5.91%



Table 2. Statistical parameters for concentrations of major and trace elements in surface sediments

Al Ca Fe O.C. S Cs Hg
Coast
(%) (mg/kg) (ng/kg)
Min. 3.05 0.74 1.08 0.09 272 1.80 5.48
Max. 9.40 222 5.40 591 8500 9.63 2020
East (n=74)
Mean 7.69 4.62 3.60 1.17 2620 6.71 202
SD 1.41 4.00 0.99 0.74 1410 2.18 421
Min. 1.98 0.20 0.32 0.00 269 0.69 0.21
Yellow Max. 9.87 12.0 5.55 1.37 6150 11.3 60.0
(n=120) Mean 6.39 1.35 2.64 0.48 1500 4.59 15.0
SD 1.65 1.96 1.10 0.33 1220 232 10.5
Min. 2.34 0.47 1.20 0.31 801 1.77 391
Max. 12.3 239 4.97 2.82 13800 115 188
South (n=88)
Mean 8.23 3.90 3.85 1.17 3110 7.94 29.8
SD 1.90 4.74 0.81 0.70 2510 2.01 31.7
Min. 1.98 0.20 0.32 0.00 269 0.69 0.21
overall Max. 123 23.9 5.55 5.91 13800 11.5 2020
(n=282) Mean 7.30 322 327 0.85 2300 6.19 68.8
SD 1.86 3.99 1.13 0.67 1900 2.63 230
RSD 255 124 34.5 79.1 82.7 424 334
— .12 - 11
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Fig. 2. Spatial distribution of Al (a), CaCO;s (b), Fe (c), O.C. (d), S (e) concentrations in surface sediments.
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(0.85+0.67%) 9] et o, a0 s Asldtols st whi, delelere] A7t Asjnpie, Fajelete] 5
Ab-35} Afo] Selol ] e SEE ol 5 Al T} AT BRE LEhfgitk Table 2, Fig. 2).

T2 T2 557 slgel et At A1 g0l 29 Al 55 Bekes 9951 a5 S TAAIE
P= ol F e A= I A ATelA 269~13,800 me/kg

FohEollM o] &= Eelste Haae] 9420l o7t
(2,300£1,900 mg/kg) A= LERGOH, A4 02 ALt B s Bls|] W2 25 Kol Fel| ALttt
Of FAb-3 e Alo] s, FLh, £ AMHED) NN 2 55 LRSI 2] 2 55(13,800 mg/keg)= HlA
QFo nprttoll A Lebtom, Asfeiere] 7Rt F2at At e e 2wk £EE YR K Table 2, Fig. 2).

3.2 ST Ot E[HFOMe| 22 S 2E

2

Aol 77k At FAES & sl e YARE=E 5 (Chester, 2000), FHTA 08 of U252 Hat
Yot H|220] 545 Fhees YRt O AHHAIE Kol thzell Yies tiH e 4= Q= 7wt 20 5 oA
Rlst3r.

ST AT Bl &= tisl] A=E 7P & BAJSIH, @ S8 A AL, =4 &
Ya= CZ7F HAEI7]0(Song ef al., 2014) & AN = CsE EJ4= Y& AA] ¢
O] F 2324 0.69~11.5 mg/kg (6.19+2.63 mg/kg) H=E HEFE.O ™, AofidQtoll A War, HolALte] 215, Zleh-npit
oA 7hE 2 w25 YEHI o™, S| Ak FAE- I Aol s oA A e & 2 RS Yehll= 5 Al Y
A EIE LERY It Table 2, Fig. 3).
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34N e

0 N e

125'E TG'E T?'E 73'5 79'5 130" 125°E 76“5 127T°E TFE _1'29"5 130°E
Fig. 3. Spatial distribution of Cs and Hg concentrations in surface sediments.
St A ARtbel] thigt 4+2-0] 5 I K= 0.21~2,020 pg/kg (68.8+230 pgkg)2l Wi W2 9= Lehdet. HAA o

2 doljdete] ZFRERE AJEfsto] sfl-nhaket 2] 3l ol dte] 2424t LTI ThE s sl giA o=
T2 T 22E UERIRloH, 53] SAR-2A s ol A= 2 2,020 pg/kg 7HA19 S8 WERHSIH S &
T e o, AsiAh el Aete] Fx~oqg AMAE Cs o -FART EES HA oM, 2 55k 0.21~39.5 ng/ke
(13.6+7.80 pg/kg) Ato1o] W2 23S Hehf it Hitdof|, S Aol = 2 s =8 vehd 424kt A AJ2fste



502 JAnt, S71ALM0] SHY, S AQHe] tars} 1|1 a14dof| o| 2X|7ER] A 6] w2 o] -2 F e F Sl A
LeRgtth(Table 2, Fig. 3).

2 Aol A A2 A% BFEHE] 72 5 TS TRt AR o] -2 5 3 H W] ffste] B
15 = 9] of e A AIHS Table 30f| Aokt e 7 AQte] -2 sh= @ A% i T3l 41, Hotl=l7t
T12]a1 opAote] HE At T AThA 0 2 gk o ApAH. S5 o) el Eoh= Sl (Lol ol 5=l '
Zoll) At -2 F I S -FASTATH Meng et al., 2014). O = P @ A 1 Holl ko] Xah-mbt, 59
AQte] S4k-24HE YRt S AN ST, K AMC] TS A

Ao 2 whe 7S LpEPHT Table 3).

Table 3. Comparison of Hg concentrations in marine sediments from various regions

Location n Total Hg (pg/kg) Reference
Korean coastal area 282 68.8 (0.21-2020) This study
Jinhae-Masan bay 15 67.2 (28.6-188) This study
Ulsan-Onsan bay 46 292 (15.6-2020) This study
Youngill bay 4 81.9 (50.5-158) This study
Jukbyen & Daepo port 6 58.3 (5.48-206) This study
Others 211 18.8 (0.21-124) This study
Pristine marine environments
Eastern basin, the Mediterranean Sea 6 52.9% (40.3-77.0) Ogrinc et al., 2007
Guaratuba Bay, Brazil 7 33.4* (15.1-44.0) Sanders ef al., 2006
Artic Ocean 7 70.9* (32.0-118) Gobeil et al., 1999
Greenland 20 72.2%* (6.00-285) Asmund and Nielsen, 2000
Disturbed marine environments
China Seas 220 64.0 (7.00-398) Meng et al., 2014
Gulf of Finland 20 130 (50.0-320) Leivuori, 1998
Strait of Georgia, Canada 17 140* (60.0-420) Johannessen et al., 2005
Southern Baltic Sea 19 225(2.01-341) Pempkowiak et al., 1998
Polluted marine environments
Minamata Bay, Japan 9 2920 (1410-4340) Tomiyasu et al., 2006
Gulf of Trieste, northern Adriatic Sea 39 5240 (100-23300) Covelli et al., 2001
Toulon Bay, France 243 N/A (30.0-27300) Tessier et al., 2011
Kastela Bay, Croatia 6 22900* (14300-30400) Kwokal et al., 2002

*Calculated from data in the references.

4
2 QAT P AT B0 50 B B4 ofsfely] oM -2 RIS 2USH 8152 mefskuA 519]

o0, o} 915 WA 2 Ml =S A, Wl el il 5% 212 Enrichment Factor, EF)S A11510] 5% A
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£ FAE 4w Blwste] 24 8 Q1S mielstart st

B =M 359 A= © A A=E Hrlsk=d| 715&4H(Lim et al., 2007b; Song et al., 2017)2.& A& =
WVas e IA 4Gt o el QIXF S50] Fake ] oh2 ApAA gk vt AHAul -5 (Natural Background
Concentration, Reimann and Garrett, 005)9} A e FUou 2| FA @ Fo] glo] 219A o 7 HiEH Zv} AFdA ] AL
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