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2 Y:o AFE WA AAE o major ¥4 (Al Ca, K, Fe, Mg)S =3 3}17198] ICP-MSES
o] &3] BAMHS A3t th Cool ICP-MSZE majordAE #2418 27 Normal ICP-MSE.Th

TS I A7E NAAYE 4 Ao} vlws) EUth NAAE 1A
ol HHE &0l majordaEel WS 54 A= ICP-MSEY ¢ =
3t I AE 4o minor Y4 (Cr, Ce, U, Co, Pb, As, Se)S =7 3s}7] 93l

ICP-MSE WS JdstaT 28 AAIFAeZ EA% Ay AW EY uE
of ATl £x Zdth 1A ICP-MSE o] 835l PEEFEHOZ minor YAEL EA3)
S u) Axggio] FFHS & F AJT 2 AHE NAARA Y I v W= ICP-MSE ©] &3 1t
Hol o £& 2AASS ¢ F AT F 7HAY 24 HS JHE Sl EASE= minor Y4
E 583 ST F Ak 2HEE NAA £4H0] ZAVE BEZ% AAANRE E4st=H $8
g 98-S 3lH, ICP-MS X3 NAA BEAHozE BA 3 £ ge ge A2 5 A7) g
SANRE BA Y F 24 45 AT F e F23 B

Abstract : In this research, first of all, the analytical methods for the determination of major elements
in sediment have been developed with ICP-MS (Inductively Coupled Plasma Mass Spectrometry). The
analytical results of major elements (Al, Ca, K, Fe, Mg) with Cool ICP-MS were much better than
those with normal ICP-MS. The analytical results were compared with those of NAA (Neutron
Activation Analysis). NAA were a little superior to ICP-MS for the determination of major elements in
sediment as a non-destructive trace analytical method. The analytical methods for the determination of
minor elements (Cr, Ce, U, Co, Pb, As, Se) have been also developed with ICP-MS. The analytical
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results by standard calibration curve with ICP-MS were not accurate due to the matrix interferences.

Thus, the internal standard method was applied, then the analytical results for minor elements with

ICP-MS were greatly improved. The analytical results obtained by ICP-MS were compared with those

obtained by NAA. It showed that the two analytical methods have great capabilities for the

determination of minor elements in sediments. Accordingly, the NAA will play an important role in

analysis of environment sample with complex matrix. ICP-MS also will play an important role because

it has a great capability for the determination of Pb that could not be determined by NAA.

Key words : Neutron Activation Analysis, ICP-MS, Environmental Sample, Sediment.
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o=z Al A&3stE 471719 89 9t ICP7}
e} Felent XS0 vl 90 5S¢ 5 Atk
ICPE o] &3+ E33%]2) ICP-AES7} oA i B4
712 9y olgdx Jout 1980t AEsn e
3}¥l ICP-MS7F A o2 Wol o] &HWA FfjelA
T #53 ge o]8He] A Uk ICP-MSe] ¥4
AE5YL ICP-AES Hr}t of Hn) & rsidA &
B8HA WEAAES 291 vl EbEQ Ao
ok @A ICP-MSE ol&3te] thaket AR & e
o ¥4 54 (multi-elemental analysis)= FA & 4= 9
il S o $ dET 5 o) o] e T3 o)
5 |

7k
~
2 A v A2 FPhS EHL T /7
=}

o ICP-MS®| E8o] IsFo|t}

w
[l
|

o
=

ICP-MSE °]&3 IHE F9 nFdaes s

AL AgATelA Aozl HA o AE AA
go] AEH Add=ont. 1 Al AAe e
Microwave Digestion SystemE ©]-8-3} k. 1 AMS-E A
5 HAE WHe 02 g AFAE AE°] 2 mL HNO;, 2
mL HF, 04 g H;BO; 1)1 3 mL HCIS AME-3}o] A&
£ 533+ Zo] MicrowaveE ©]-83}] 250 WollA| 5 &,
400 WollA 5 &, 18]31 600 WA 15 & 5ot A 82
23eTk. 1213 0.6 g HBOsS H713 3 600 Wol

A 10 £ ¢ Zlehs HEES FUHE R AAsH.

I o]f-E HFY AHE-C.2 913 EA)7]7] W glass 7
o RS Zo]7] 913 HBO;S AHEEL AlgE WA
g AL, = YF #417]7] YF (chamber, nebulizer)E

Teflon AAZ wASt HAAsGTE EE A8 HAY
WS sediment A|EE F2 TS Si A9 S AR
317] 913 HFE AHE-3l= W olth T3t Sediment A

WAksl B ofd) EAstd=, WA 4 2E
A7} AAANEE FHE AAY B2 93 105 C

Dry oven &ollA] 8AI7bEet A=x A7l &, B4z

Vol.16, No.5, 2003

e} 10~500 mgS st Wl AHSG 1 mlo
polyethylene vialoll ¥ 7} YRt} SulE EA4]
o] WAELE {5t =iy AtAe AE 9t
291 HANAROY F¢tol$¥ (pth = 208 x 10°
njem’sec) ©]&3tth Blagol o3 BAS 9t

JNF TFEAS 5Y 7I81eHs 24 A =8t
Atk ZAME A5 5 AN HEFoERY e
© 54 7S iitrld et IR ASste &
dao AT S SAAT PAs AFA2EL 1
T9] A=vly WA 7E7] (EG&G ORTEC, GEM

25195p, 25 % relative efficiency, 1.9 keV FWHM at
1332keV ®Co, Peak to Compton ratio 45:1)Z 10 cm F7|
o] Jo g AHAIA AAHAs D QR WA
= A28, deold 3 2 4s AT 16k-Mul-
tichannel Analyzer (MCB 919, EG&G ORTEC)¥} Personal
computer®]] A3t ARE-sHATE E olUR] B AEE
£S5 WAF7) Yol NISTERE <¢1Z u-S NENALY
Y33y EFEFALE ARSI AESAIEt
A A5 Fol7] S B F ASATY 5
%olatz fAstHe™ 7+ 2 pile-upd) EAB-LS MCB
(Multi-Channel Buffer)2} F5Z 7oA A5ZHoE 43
HEE stk #HA 2R 7 9ie gEx
4 9 A &l wegt 2-E 4 glor HEH By
Z27, & ZARIRH(T) BZAH(Td) R AZAIRE (Te)S
O3 2tk 9 35 (Al Ca, My) : Ti= 2%, Td=
203, Te= 300%, 5% L (K, Na) : T = 2%, Td= 60
¥, Te= 1000%, A5 AF (Fe) : Ti= 2413k Td= 159,
Tc = 8000%. AlSE 7rbdd ~HER 9 njo]3 BA%}
FERE A4 FEE A 18t FAAF WALe
BEAL B3 Asze ads ALgsgich

WAsEaEe 9E Aad g $4 5E3 58
/\ég _I_A]_

o] IAE A&7 AT FHAE o]8&3}] NIST (National
Institute of Standards and Technology, USA)2] 1% ¥
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362 FAEY - QAR - A e RAe
= (Standard reference Material) 5o U= F Y4 Table 2. H;BOs A7} W2 =4z ws}
ik 131?3 S 43 Zlé%b} 5% %%# Hlarge = Element Measured value (ug/g)
sL = ] SN Cr (52) 40.9+1.9 2354150 43422
RM 2704-Buffalo  Sediment©]$lT}. A  Estuarine Co (59) 5 2156127 52401
sedimentZol] Q= YA25S F¢4 Major Elements)Sh Ce (140) u 1854183 374402
1782 (Minor Elements) ¥ £F2 Wi Pb (208) 11712 5254369 920405
41 Hms Zo| mEelacr Ce. U Co. U (238) 2 344072 2.6+1.0
Pb, As, Se) EAd J{gt
9o) o1FH® AlE AH 2] WO 2 Estuarine sediment a 9ol dojRl B4 SAUELS A A
g AAe @ Fo YL FEE APLAYG olgse ) TANE BE B DLZA A wALR WL
Ve 98¢ LAsn Ae 4 wge Ag ) SR e 2 ARLRE B2n, Had 2 3
02 g2 100 mLel Eo1] So0u) Suaic o Ase 4 P FHE Fol) Aslo] WRLFER (nemal
Table 1] VERRSATh Aol | B3] Cr, Co, U g Stndard Methody 2 ] 8817]2 SHle. wilF: i £l
o A Slmg S gte] SAEROL A el EE Mol ARSI o] Q98 o4 he) Ao
ASolz o] FAHe] Aea RHe Holn gy, |5 ICPMSE BANE HaE thiie den
3] H20] Ae ol=zke] MaA ZAgko] e 2 o] (BT 5072507k Tl Qe An2A AR A
S5 ACT (AT 75)0] A2 75)] 2ado] o 2 o S SAA @7] wheelth aehA 4 wEE 2
e 7] itk el Ce, Pbo] ZAGE Qggpsp ) 0 ngml Ind gef AEFAL WS 22
Aok Bee @ 5 9tk @A) HBOw) S Az x  sediment AHEOIE microwave digestion ) 50 ngfml.
2 949 JIe AP sl BA ol HBo,g e ¥ WAE el ICPMSE £ S4sen. 2
Qe Fol AR AAE HATL, ANBE HBO,E B ST Table 30 Eeidrh 2 Aol 2 5 9}%”
oA e AR AARE ST 1 A%E Tale 2] 0= AR O Co, Ce, U Aol dhel s 2 5
Vet T AgholA] Bl 2 5 qon ge gu w0l AFE vy SAsES el T a2 A
Hol i HaA] HBO,E ARSI AlE AT %7} Cr, Co, Ce, U 94 Z1Zol| sty 2 %, 2
& AS] oo 2O ATGLe oS 2 gJoit %, 7 %, 20 % AT Ine AR WR ZFE 24
W& Cr, Co, Cedll tisA olF 53 WHlol A%
HYaL o] PHES A sediment 240l g3k 1
Table 1. T EF A =410 93 ICP-MS 23} 2]3 Pbol] TEIAE o] UYLE YEREZREC P 4
Element NIST SRM 16462 Pee W HUT, Po(AF 2089 WHEFERE
(Mass) Certified value Measured value Bi (2% 209)7} Agko] H|&=3}7] wj&o] MdEAck
(1e/g) (u8/g) BiE WRAFERZ AMSY AFENT sedimentol] 3
Cr (52) 40.9+1.9 50.12+3.16 7F5}e] ICP-MSE B8 AFE Table 49 VFERJRATE
co ) 841082 T AT Bgo] ng RETER olgde
As (75) 6234021 388.1+12.2 WO WA 0sd B4 AngS otk 1 pho] e
Se (82) 0.193+0.028 2.54+0.65 Zazr0] Q1Zgke] A Mo A
Ce (140) 34 58.66+0.47
Pb (208) 117412 733414 T thro R Asth Sedll disiAE tE A<
U (238) 2 1.27+0.90 Hydride Generation WJ'HS o]&3te] HUgh waass
22 o BAsaa sk o] WHS Ak NaBH,
Digestion Method: 0.1 g sample + 2 ml HNO; + 2 ml 2 X2 A7t As9 Sede EAI IAE TS
HF +3 ml HCI + 1.0 g H3;BO; 75kshe] EASIs woln], o] WS o] faW 57
Analytical Science & Technology
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Table 3. W FFER] 23 ICP-MS 4%}
NIST SRM 1646a

Element
Certified value Measured value
(Mass)
(18/g) (18/g)

Cr (52) 40.9+1.9 41.7£1.8
Co (59) 5 5.1£0.2
Ce (140) 34 36.40.2
Pb (208) 11.7£12 85.4+0.7
U (238) 2 2.410.8

Table 4. Pboll thgh Ul¥ ZFEAC] 23 ICP-MS

A
Measured value (ug/g)
Element .
Certified value (¢g/g) In Internal Bi Internal
(Mass)
standard standard
Pb (208) 11.7£1.2 85.4£0.7 12.91+0.72
A&ET 7)3kE o] 1o r] wiite] BAM o3 S
=9 F J1 AEE PTHANE F dvke Aol Atk
Sel R A HOS AHER} o ArelNe

AICT (A% 75)9 AR As” (A 75) 4 ele] 9%
£ F°]7] 913t HNOs7t o] &= 3ith 12| 3 sediment
AR AAE] BANME HCIS AHSSHA] &3tth 1 &
2 AIZ Table 59 PN (Pneumatic Nebulizer)S A3}
o Qojxl BAAne} vl E Atk

Table 5. As ¢} Sell gt PN ICP-MS®} HG ICP-MS

A}
El t Measured value (1g/g)
ement Certified value (ug/g) g
(Mass) PN HG
As (75) 6.23+0.21 236+14.2 13.15+1.34
Se (82) 0.193+0.028 4.310.1 0.130

Aol A Hzo] Sed] FHFS ASakel i A
AL, Ase] S ASE o ZHAE KeAA
2HPNe] Zaghel Wishd &4 $-sk3lth 22 Ase]
SRS FIN7N7] At Ses WHAETER ©]83}
of Ol B4l 4 A3k Table 69 UERAR]
ot Aol Bizo] WEREERS ol&sde W &
oFl ZAko] AS el B ZHTS RojFaL ok

Vol.16, No.5, 2003

Table 6. As W3 WF EFEZ W3l w2 ICP-MS
A3}

Measured value (1g/g)
HG (No Internal HG (Se Internal
standard standard
13.15+1.34 8.65+0.35

Element Certified value
(Mass) (ug/g)

As (75) 623021

&
Estuarine sediment IST SRM 2704-Buffalo Sediment
o st Dol HF BAZAHYE Table 79 B
ato] NAA "ol oate] dofxl A1 A7} v E o]
At} 7L SRM 2704 Buffalo Sediment ZI}ol|A] HZo]
AsQl 750l 1 ICP-MS ZAgke] Asgkell Hlg) =&
AL A8 Wl e C oS &AsHA AAT & 3
of ArCI'e] 9)3 aolel F2a)w k. 2} 19
el aQlo] gle NAASL ol Asell thste] ICP-MS
Bt 958 2430E 45 F USS Bo Uk Crdl
thatol = ICP-MS9F NAA el oJaiA] dofxl SA%k
S0l A 34 HFAA H Kol ds wF A

B
Z,

1

of

‘

st AAGS A4S F ST Pbe NAARE #4E &
e dio)y ICP-MSZE A3stA 4T 4 dS5S
NIST SRM 1646a-Estuarine sediment®] ZAzfo|r & <=
AATE Se o Aol ICP-MSO 93] Ao EA Az}

kol NAAo ofsiA oz Aggiro A3kl 23
STk Co o] 790 NAA o2 Aozl FA 7o)
33 AL AP ICP-MSoll 23 dojzl
FE ASFe SAEFER MY do slE uE
St Ce2] %o SRM 1646a Estuarine sediment %
Ce Z73A] ICP-MS©ll 93 Axgre AZFgkoll ¢ &4
3 O} NIST SRM 2704-Buffalo Sediment ol Ce =74
A ICP-MSO) 213+ Axgkat NAA WPl 9131 Aagho]
AZFko ZHEA FEatgth aAL T shie] mA7}
£ 7% g2 SHAHRE 4L F IS BodFn

o2l
2 o o o
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Table 7. AZEFEH 0] 23 ICP-MS$} NAA Z3} Hlw

A2 -

gl

NIST SRM 1646a

NIST SRM 2704

12;?;? Certified value Exp. value Certified value Exp. value (ICP-MS) Exp. value (NAA)
(g/2) (ICP-MS) (u5/2)

As (75) 6.23+0.21 8.65+0.35 23.4+0.8 34.3+0.603 19.2+2.2

Cr (52) 40.9+1.9 41.7+1.8 1355 131.2+0.56 136+8.7

Pb (208) 11.7£1.2 12.91+0.72 86.67+0.612

Se (82) 0.193+0.028 0.13 1.12+0.05 1.01+0.052 2.39+0.36

Co (59) 5 5.1£0.2 14.0£0.6 13.32+0.271 14.0£0.5

Ce (140) 34 36.4+0.2 60.2+5.4 37.06+0.29 70.3+3.6

U (238) 2 2.4+0.8 3.13 3.04+0.594 3.61+0.69
At U 94]] 750l ICP-MS9E NAA o o3k F =4 o84 t & o] 2o 9k EAWsl7} Asirt. uhehbA
ol ASET A GAFE HoAFom2X US At A 2] AS@Tt o7t Atk Cadl A4 59

Al FAE F S HoFlth

4% FHF Lol 17
LR o P
=) =]

faie davith 24 595

i
in
i)
2y
o
e
N

Z°]

£ 2437 9t m|
W (02 g I-FE AR 2 mL HNOs, 2 mL HF, 04 ¢
H;BO; 1811 3 mL HCIE AH&3td A 85 Baigh &
ol MicrowaveS ©]-&3}a 250 WollA 5 &, 400 WollA]
5 2, 183 600 WollA] 15 2 FoF A2 2 Balsly
o). 7183 0.6 g HBOsZ F7F3 3 600 WollA] 10 &
ot Ealsles #A)C 2 Estuarine sedimentES 3]E]
o ¥t EFE AARAUE o835t dAES
1Atk 34 8j&-e AlF 02 g2 100 mLo| ¥
37 100 mLY] AZE 5 05 mLE F3H

W o FI3ch T ¥ F34 100,0008] 3]
Aok I AHE Table 80 YERATE Aol B

1aEe AiFo] e gdo|r] ujFo] ICP-MS

o

R A
ol
[0

12 S
l:l)‘Lg
&

o
r{o

Table 8. Major elements®]] Tg+ Normal plasma 2%}

Element .
Certified value (vg/g) Normal plasma (rg/g)
(Mass)
Mg (24) 0.388+0.009 0.618+0.062
Al (27) 2.297+0.018 3.26+0.224
K (39) 0.864+0.016 1.70£0.692
Ca (44) 0.519+0.020 3.29+0.245
Fe (56) 2.008+0.039 N.D

27} Ca(40), Ca(42), Ca(43), Ca(44)7} d&d| ZHztol
2t ZA8]E Ca(40): 99.4 %, Ca(42): 0.64 %, Ca(43):
0.14 %, Ca(44): 2.06 %°]tt. 1#1d] Ca40) “Aro] 7+
S B, Ca@d2) YA, 9] IS OB E Ca(d0) S
Aelgt Cadl FHALE F A &AMt M F2
CadhHE etk Feol ¢ ZH7te] T9949 A
ZAH| 2 Bl B Fe(54): 5.82 %, Fe(56): 91.66 %,
Fe(57): 2.19 %, Fe(58): 033 %°|tt. F F9¥2
Fe(56)2 “Ar'°09] 7HAS wheth gy FeEs B3
] Normal Plasma Mode(Power: 1300 W)7} o} Cool
Plasma Mode (Power: 470 W)E AFE-3le] ArO9] 7HE-&
gt 2o B 4 Q7] wiel A EAuvt 7t
Z & Fe(56) 0.2 ZA3Att. 284 F 94ES Cool
Plasma ModeE Z=H3|E A Table 95 LAtk
Normal Plasma Mode (Power: 1300 W)ollA] Qo] ZAx}
oF HlA] w9 F& ARFES HAFIA, Cad A9

sae 549 gl AFPel 2AIY: AFHo=
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Table 9. Major 912=5°l &+ Normal plasma 9} Cool
plasma Z3}

Element Certified value Normal plasma Cool plasma

(Mass) (uglg) (1glg) (%)

Mg (24) 0.388+0.009  0.618+0.062  0.159+0.069
Al (27) 22970018  326+0224  3.076+0.365
K (39)  0.864+0.016 1.70£0.692  0.926+0.106
Ca (44) 051940020  3.29+0.245 18.3+2.14
Fe (56) 2.008+0.039 N.D 1.851+0.753

Table 10. Q1% XFEZANIST SRM 2704)°] th3t
ICP-MS$} NAA H|n

o8 A%

A 365

e

ARl EAsE M@dase Ho5 25 o

NAAY| & Lozl SARES AT AY &4
EF #ak 89 UellA IXEGh Ca o] Bfole &

400.% Are] A% E3 400)7) WEo] ICP-MS o] &
"1 I 3 ang ety "%%M 153k vl =fe]
7} Wtk 2 NAA W9 ASde 2A4ge 9=
ol 574 xFuar W4 141011 ATk Fegl 7A$-oll
NAAO|&A] SAgte] AZgF} IAEFH 2 ICP-MS
o]&Alo= SAZT AFFe] AL IAFA KA
7ol NAA ¢} ICP-MS ©o|-&A] BFth 337 AF

ol Aol Ixgogn F BAHor KIALS Hs}
A BAE 2= glee o 2 99t

4.3. Sediment =2 OJ2F | EA

Element Certified value Exp. value Exp. value
(Mass) (1gf2) (ICP-MS) (NAA) ICP-MS9} NAAHMHS o]&3ale] A Adsf ot
Al 27) 6.11+0.16 6.98+1.69 5.84+0.21 ANHD sedimentS A3k Table 119 BlwsgTh =
Ca (44)  2.60%0.03 4.69+1.1 2.78+0.13 2 BEthRg Fokt 3w gxg)) F9oA AlEst
Fe (56) 4.11%0.10 3.92£1.0 4.11£0.17 AHERAG ICP-MSE 95t] Yol A AHE-H microwave
Mg (24) 1.20+0.02 0.84+2.6 digestion—o‘ o] g3l Alg AAY HFAHLS Azl T &
K (39) 2.00+0.04 1.92+0.74 1.91£0.15 A ZAE YT NAAY 2J3|A] dojx BxMZAze} v
A &4 7350l NAAo 9J3iA] dojzl A%kl
ICP-MS (Cool Plasma Mode)E AF&3Fe]  Buffalo  ICP-MSell SJaiM dojxl guth A Hoz =7 et
SedimentZol SIE FAE ALES BAle] NAA W T EFFEE T Lol ApellrE T od
W3l wwetAtHTable 10). AlQl 7A<So] 1cp-mset  Hll oeiA vIStE Aaghs AUAT Al Mg
Table 11. FHE F4 (ICP-MS$} NAA H]al) =9 pge
NEETOES =g Cr Co Ce Pb U
NIST(15-%h) 409419 5 34 11712 2
NIST(EA 7H ICP-MS 37.6£0.2 4.9+0.078 30.9+0.024 12.91+0.02 1.68+0.05
—— ICP-MS 23.4+0.34 4.5+0.04 28.5+0.61 18+0.2 1.2+0.06
T NAA 76.82+0.73 11.23+0.12 66.13+0.38 - -
St o ICP-MS 51.9+1.53 10.10.18 37.1+0.49 24.9+0.57 26.7+0.0009
T NAA 78.75+0.69 10.85+0.12 79.56+0.38 - -
St 3 ICP-MS 58.2+0.4 11.4+0.03 31.1+0.43 25.9+0.13 1.58+0.04
T NAA 85.81+0.67 12.03+0.12 89.34+0.39 - -
—— ICP-MS 52.1+0.37 10.1+0.07 30.2+0.43 24.7+0.06 1.49+0.043
T NAA 87.53+0.80 11.37+0.13 73.75+0.43 - -
St s ICP-MS 55.8+0.79 10.7+0.01 35.8+0.12 34+0.43 1.53+0.01
T NAA 88.17+0.75 12.940.13 90.46+0.43 - -
— ICP-MS 78.9+2.83 17.940.55 34.6+1.37 36.142.38 1.62+0.15
T NAA 97.33+0.76 14.03+0.13 74.54+0.37 - 0.66+0.23
St 7 ICP-MS 64.312.75 14.5+0.59 35.3+1.61 4224238 1.760.11
T NAA 81.23+0.72 11.24+0.12 83.09+0.41 - -
St g ICP-MS 66+1.97 162+0.42 29.3+0.75 28.7+1.07 2.18+0.07
T NAA 83.55+0.70 13.02+0.13 76.72+0.40 - -
Gevt o ICP-MS 75.8+0.47 18.1+0.12 42+0.55 40.2+0.35 1.86+0.02
T NAA 86.10+0.77 13.17+0.13 87.91+0.42 - -
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zZtol7h Wk 1 olfre o wo
T2 Y4Ed 93t Eﬂ]“&éﬁ Y E Aoz He
ok weba] Ao eR BA W) 835 9 WE NAA
9] A3} dAa AsEo Al sediment 9] Cr
o] =% W oF 407100 pgmLYGTE 183 Cool 7
2= ICP-MSO| JoJA AT} 3k7F NAA o] oJa)A]

dojzl Aol A9 UX3IHIL sediment T Co &
TE 910715 psgmL HHATE Ce -5l % ICP-MSe
oJaA] dojzl gho] NAAC 93iA dojzl FrETh tha
oA Yehde eSS BYth NAAY 93t sediments
9] Ce FEE F 60790 pgmL HAUTE Pb2 NAA W
Hoge BAT 4 Jle dAEA ICP-MSH oJaiA]
01{1 Pb TERHE 2F 10740 pgmLEA gETho) A

= UrE} S ¢ 5 AUk U Aol s
A <) o]—_l_—— °F 175 ugmLe] FEEES 3 Tk

5.2 E
o] g7elAE ICP-M

MSE ©]8

43} sediment F°l $

€ HF daEd dig 2SS Estelal, ICP-MS
2 RAste Jde APANA sedimentd} o] Hs
ANEES AEsHA B48oF & Aol F&3HA o]&
3 5 & AeE Alsdnh 183 Al AAHEE o
A ¢+ vluly] A9l NAAY} sediment?} 2& 23
3 BAE Zhe AR 24§85 o488 F e
< BHAFAoh

ZAel 2

o] =& 20031 HSP7jEHe SR FEold &

98} Ahgle] Aol elste] 5 sglow, olo] 7}
g =gy
am 23
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