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‘Antarctic Environmental Monitoring Handbook' o] 27|21tk o] 2|3IAjel we} d=A1E7]1A 5
o) BN RFE FFES BAAT ARRaIe qmt) Hg@% AHE-319)
SRR fEABEALGARLIYE He3l] £UT) P 5 :
o] e lsh] flell E=AIES] NIST 27025 E’—ﬁ?& ZjiJr J% <] 99.5~100.8% ]
AA)el9}. Chelex 100 ©] £ AFAE AL-sle] 7H4oleS A5 8] vld g Belelart. 244
I} 2l9F e o] dAE= ZIAFHA Y 9] FFL£9] ﬂ#i_‘T—_% Z}7} Pb 3329 mg/kg, Cu 95.6 mg/kg,
Zn 1153 mgkg® UERto ™, 71X]oljA He] "o Ao HtFE+ ZH2 Po 28.1 mgkg, Cu 101.8
mg/kg, Zn 115.6 mgkg= WEFTE Ph s 71X F A9 3 ] ol Aol A AA g 2fol S B3]t
Absract: ‘Antarctic Environmental Monitoring Handbook’ was published by COMNAP/SCAR in 2000. The
standardized method described in this handbook is recommended for monitoring of antarctic environment. High
pressure bomb technique in this guide was used to decompose soil samples. In compliance with this guide
book, high pressure bomb technique was applied to decompose the antarctic soil sampled at the King Segjong
Sation. An Isotope Dilution-Inductively Coupled PlasmaMass Spectrometry (ID-ICP-MS) was applied to
determine mass concentrations of Pb, Cu and Zn in the soil. The accuracy in this method was verified by
the anadysis of certified reference materials (CRM) of NIST 2702 (marine sediment). The andytica results
agreed with certified vadue within the range from 99.5~100.8%. Matrix separation was necessitated for the
determination of Cu and Zn by Chelex 100 ion exchange resin. As a result, the average mass concentrations
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of Pb, Cu and Zn which are suspected to be caused by anthropogenic pollution were 332.9 mg/kg, 95.6 mg/
kg and 115.3 mg/kg, respectively. Those for the metals sampled in the soils of the remote regions from the
station were 28.1 mg/kg, 101.8 mg/kg and 115.6 mg/kg, respectively.

Key words: antarctic soil, environmental monitoring, King Sgjong Station, ID-ICP/MS, NIST SRM 2702, heavy
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AN B3] AFNAEE A5t MFALE Q)
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Antarctic Research (COMNAP/SCAR)7} &% W7k
‘Antarctic Environmental Monitoring Handbook' &
FZFA FASAS kel A o= @

7 BUBE Y e FF7eAIMRE 152

o o] A=k = FEsHe

E

TALLIN fFEAdgEganyE
5499 (Isotope dilution-inductively coupled plasmal
mass spectrometry)®8& A &-3te] FFAE71A] FH
EYY F550E ARE 2 AH4E AABILA
3151

o] A AAGE EAF Aol o gk 23 (totad
digestion) H & AH&St A RS Ealsidinh A+
o] S gAst] fsted, EFAIEQ] NIST
SRM 2702 (marine sediment)E U3k Wyloz &
A ste] JIF 3 ¥ WA ICP-MSE ©] &3
4T o, B371AE AHE-$ DRC modedl| A &2
ol eS AAT & JE Ao gHA Jrpsen
et mjd e o] v B A, vIIAE A
st 7Hgol&S &8s AAT F des AF
53 gelstdt). ulelA Chelex 100 o] 2w 3k

AHES miE R T AR S AHM EFEE &
ATt

Bl

et
&

2. A #

2.1. A2l =%

2005 129 FFAIE7IA oA AF T EYGAE A
HA R =9t AL E Table 19] AA 8T A&
= g Ahgdo g ME. Az 500 mL 252
o o4 7heAIgel 7AFHE BEFANE AFHA 2
3, 4, 53 7|X oA dE] "o XNAKNE ANHA 7,
9, 1014 z+ HXImitt 292 A FH 3 Th H &3 A
E AF AXNE f4A Lot B F == AFIX 9
AR 2+ AE2] o]&4 Fig. 19 YeERAATH A9

A el gojzl 7, 9, 109] $1A = FAISHA] S9k).
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Table 1. Information of soil sampling sites around the King Sgong Station

Sample ID Site yearsm/d Latitude (S)  longitude (W) Sample unit (kg)
1 a side storehouse far from station 2005/11/29 62.13159° 58.47075° 0.5x2
2 a side power plant house 2005/11/29 62.13165° 58.47227° 0.5%2
3 the road by heavy equipment house 2005/11/29 62.13186° 58.47222° 0.5x2
4 the road between research building and lodging 2005/11/29 62.13181° 58.47288° 0.5x2
5 theroad by terrestrial magnetism research house  2005/11/29 62.13196° 58.47336° 0.5x2
7 On the way of Penguin Village 2005/11/29 62.13382° 58.47187° 0.5x2
8 a side of oil storehouse 2005/11/29 62.13772° 58.47164° 0.5%2
9 near an ice ridge 2005/11/29 62.12468° 58.43756° 0.5x2
10 a site far from Penguin Village 2005/11/29 62.14157° 58.46419° 0.5x2

Fig. 1. Theview of King Sgong Station located in Antarctica. The soil sampling sites are shown as number in tetragon. Sampling

stes of 7, 9, and 10 are not included in the picture.

22. ANg9 &S}

A2 BFARE BH7] o] 60°CoIA 9047t
A28 03 A7 S(Geving 34 S AH 2 mm ol 4
o 2 golzt Mtk UEA Y4AE Vibraory
Micro Millg o]-gse] Eaateirt. thal AAE 34
<, 125 pm o] 5] YATS WobA] Vemixero]
N #As AA FUch 22l o8 50 g H 2
o gl 3 o) ARZ AL,

23. D2 HRSH (Decomposition by High Pressure
Bomb)
QPR WH e FFIAR YUY S 93 BF

714 A (Antarctic Environmental Monitoring Handbook,

May 2000, prepared by GERG Texas A&M University)
o AAg W et o] & AMES] BE AR
& walekla, 2 Hake vk 2k

#A3 A7 A8 ¢k 0.2 g Teflon reaction vessd
o Hstaz, IDMS 418 3l 7} 24 449 555
AYAE H7skeh 3 mLe] 23 HNOsS H7tst
3 vessel S 130°C ovenoll Al 24 Al 7F §-AI A F T Al

E Aol A8 &, HF 2 mLE H7sisinh e
3 reaction vessdE 130°C ovenoll A 24 A|7F 71 &
sttt o] w g A3t high pressure bombs-
Fig. 2o YERNQATE. olFA Azl A5 Hdgs
125 mL polyethylene bottleol] %7#F2Ath. o171l 5%
boric acid 20 mLE H7Fek &, A 59 HFTFI7}
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Fig. 2 Assambly of high pressure digestion vessdl.

100 mL7} |58 242 B3 F9h

24. 77| = A2

2 A= 98] ELAN 6100 DRC-ICP-MS (Perkin-
Elmer SCIEX, Concord, ON, Canada)E AH&3t$ith.
ANBEAS 5 HHo HAZALS Table 2] YeERY
ATh A5 B A}&3 HF7F Hof lerw
TeflonAl 2 2] spray chambere} nebulizers A1-8-3}51 T
DRC?] ®FS-7] A £ 99.9995% ©]/+¢] NH; (Sokatronic,
Pennsylvania USA)E A-&-3F3 . HNO:= (57) 5%
A (Iksan, Korea)oll 4] +9) et A Aloks S/
Z+ 2] (sub-boailing ditillation) 2 A A g+ th-& AL&-3HS
T}, HF= ¥I=A4| 80 2 FECT. Co, LTD &% 3FA)
A%, Boric acid= Aldrich (Cat.# 202878, 99.999%)%
AFE-3FSITE o] W A A F 3K (mass bias effect)S
B3] 93 994 552 (isotopic standard)©]
24, BEE, TYA 59 FEE Table 39 293}
Rk Cde Zn9]

—LJ

Aok UL FEEE S FREA

FHEG S5 54 367

Table 2. Instrumental parameters and the optimized set-up
vaues for metal analysis

ICP-MS instrument Perkin-Elmer SCIEX Elan

6100DRC
Plasma conditions
RF power 1350 W
Plasma gas flow 16 L/min
Auxiliary gas flow 1.2 L/min
Nebulizer gas flow 1.05 L/min
DRC parameters
NHj; reaction gas flow 0.7 mL/min
Quadrupole rod offset -7V
Cell path voltage -46 V
Cell rod offset -6V
Rejection paramer a 0.0
Rejection parameter q 0.25
Autolens On
Mass spectrometer settings
Dwell time 100 ms
Sweeps 20
Detector dead time 60 ns
Readings 1
Replicates 5

A= A EAME o] &3t BASIATE B F
= 5994 (enriched spike isotopic)e] A4 2 T
2= Table 49 29F313 ).

25 OiEel E2|

QoA AAIEE s el meEt EGEFAR
2} NIST SRM 2702 (Marine Sediment)g 43}
th. 4 A7, DRC cellol A & e NH; 93
Z1A1(0.7 mL/min)E AME-AA T ES wid o} Fat=

e

1

Table 3. Isotopic standard used for mass discrimination correction

Element | sotope Abundance (%) Producer
24pp 1.4245
Pb 206ph 24.1447
(Natural isotopic standard) 207pp 22.0827 NBS SRM 981
208pp 52.3481
204py 1.0912 + 0.0012
Pb 206ph 40.0890 + 0.0072
(Equal atomic isotopic standard) 27pp 18.7244 + 0.0023 NBS SRM 982
28pp 40.0954 + 0.0077
8Cu 69.174 + 0.020
Cu SCu 30.826 + 0.020 NBS SRM 976, Cu metal
8cu/f®Cu 2.2440 = 0.0021

Vol. 21, No. 5, 2008
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Table 4. Enriched isotopic standards used for double spiked IDMS

Element | sotope Abundance (%) Producer
24pp 0.0
206pp 0.99979
206
Pb 27pp 0.00008 + 0.00001 NIST SRM 991
208pp 0.00013 + 0.00001
%cu 03 .
65,
Cu 650y 99.7 + 0.1 U.S. Services Inc.
%Zn 0.95
%Zn 0.76
%Zn 57Zn 0.37 U.S. Services Inc.
%zn 979+ 05
Zn 0.02

Table 5. Summary of the mgjor interference ions originating from soil matrix and plasma gases during ICP/MS

Element |sotope (exact mass, amu) Molecular ion interferences (exact mass, amu)
%Cu “1Ti*%0 Z'AI®Ar SNa Ar “Mg®Ar  ®Na®Na'®0'H
a (62.92960) (62.94667) (62.94909) (62.95215) (62.94857) (62.98228)
! sCu ©Ti%0 BMgOAr  BNENa®OH
(64.92779) (64.94278) (64.94882) (64.98653)
%zn E4Ni “®Ti%0 AMgAr “ca®o
(63.92915) (63.92797) (63.94286) (63.94742) (63.94744)
%Zn Ti%0 ®criso 2MgPAr
(65.92604) (65.93970) (65.94096) (65.94498)
®Zn Vo SIPeAr ZAI*Ar
Zn (66.92713) (66.93887) (66.94131) (66.94392)
GSZn 52Cr160 288'40Ar 32836Ar
(67.92485) (67.93542) (67.93931) (67.93962)
Zn Ge Scriso SFel%0 0g54Ar %crigo
(69.92532) (69.92425) (69.93379) (69.93452) (69.93615) (69.93967)

ul Z1A e o g ZHd &3t vEebstt ol sk 5

< Table 59 228315t} w}E}
54381771 8] ZEolE olem
100& A}%%}G% Hmq 5 OJ ca

e a0 Al AAAvE el Py w
$71AE Agated 2HE AASHE WL v
492 Fsdh. de 2] sl BB

(Poly-Prep column, Bio-Rad, 9 cm high, conicd 0.8x4
cm, cat# 731-1550)°] oFHF-E-S porous polymer
bed support= =2 T, €82 e 9 Cheex
100 o] 3R] oF 3 mLE Atk o] w o]2w
SrAE AR @2 RFHY Fu= < 10 mL
Azl g suh(Fig. 3). AH&317] Aol WA 25
mol/L HNOz& 22 33](10 mLx33]) A& 3s}al %

TFE A 28] AFHsTh Nad o] 23 &
H P 2 vl 3=7] $18l, oAl 2.0 mol/L NH,OH
£ 23](10 mLx23]) E#F3 B2 A H et o
719 Chelex 100 ©] 2w $<= ]i A% 1.0 mol/L
NHACE S 23] BHAIA, pHE ¢F 4-52 =43}
Atk L2813 NH,OHel <3 pH7} oF 1008 A
i3 /\133 53’%’\]7&3} 283 A 1.0 mol/L
NHAc £ 2 23] 534AA Na K, Ca Mg, P, S
=5 AA o}%ﬁi}. Z5FE NHACE AH S &

P olE A& JH 9 F&0]2E52 25 mol/L HNO;
SdE FHAAA It o] £HS HGg
92 £3 ICPMSE E41819]th.

25 Se25|M HTEAH| AL
o]55H Y434 2 A (Double-lsotope Dilution

Analytical Science & Technology
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Fig. 3 Picture of matrix separation procedure by using Chelex 100 ion exchange resin.

Table 6. Summary of IDMS Parameters

Parameter Description
my Mass of sample in Blend b [g]
my Mass of enriched spike in blend b [g]
m'y Mass of enriched spike in blend b' [g]
m, Mass of primary standard in blend b' [g]
Rb Measured ratio of blend b
Ry Measured ratio of blend b’
Ry Measured ratio of enriched isotope to reference isotope in the sample
Ry Measured ratio of enriched isotope to reference isotope in the enriched spike
R, Measured ratio of enriched isotope to reference isotope in primary assay standard
Rix dl ratios in the sample
Ri, dl ratios in the primary assay standard, R,1, R, €tc.
Kp Mass bias correction factor of R,
Ky Mass bias correction factor of Ry
Ky Mass bhias correction factor of Ry
K, Mass hias correction factor of R,
Ky Mass bhias correction factor of R,
Kix Mass hias correction factor of Rix
Ki; Mass hias correction factor of R;,
C, Amount content of the primary assay standard z [mol/g™]
w Dry mass correction factor
D Dilution factor of sample
B Observed amount content in procedure blank [mol/g™]

Mass Spectrometry, IDMS)ol A 5 =(C)E tH<] 4
(D~ o= Alxket &= Y2,

Vol. 21, No. 5, 2008
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C m, KyRy—-K,R 1
© = YK R. = . b_ b z.
@ = KR T G R SRR, KR,
2
m,-m R,-R, Ry—R,
C,=D.c —L 2 .Y b b
w-m,-m’y R,—R, R -Ry
Z(Kix'Rix)
e —— ©)
Z(Kiz'Riz)
2ol &3k 7t §-5.9] o|w]E Table 601 A| A5}t
3 EMZI ¥ 1

Eopl sl te BAgel 4E e S5

13kt s

°1FEHIAL 514

&3t

_Q_on‘,)r lr:ZEO

O H O T
(spike cdibration solutions, blend b)o] & & 3t}
o ARE-E FFEN Y FEo HUNE wEEUA

ATT6

_CH

¥ A& NIST 2702 (marine sediment) Al 55

?Q

H (Double-Isotope Dilution Mass Spectrometry)
el HA A g FEHFALLE

o °l:zt‘r(blend .ol M A8 Azel A

0,] /\gjro] T‘o_:‘d—}l ol

o]

9l

gol -

34

Fe FalFolof gtk Al Frtske F
o} FFE&q4 Hriskes w5FAY4L
ojoF 3t} NIST 2702 A A B /\]E
&, A 23k blend be} blend b=
t}. blend b9} blend b'E
Table 7¢l= tHEAQL 3% 3}1/}’}5.”& E/‘] 3}%’«
A7VsHA] ¥aL s%5 94
20 A z313 e

o] 9} 7L°] A zZ3+ blend be} blend b'e] & 9-Y4H]
Aok 23 2o e AR, Ryl
Y42 Table 8~10] YeER AT o

rrectlon factor(K)= LB &%

AAZH GO 2 o] A A8
%E—i—%"—'i—% gratA] @2
Tt v
120 AFGO R 9 @ﬂcﬂ AAAE A B 7}
HYH /\]E Fereta, AASAHE ARt 7
M eake flokar 7P E ¢ itk
o] el A :rL%L AL S
EE5TYH 5%34
E5574d
5‘4*“”9— xmo}oq NIST 2702 (manne sediment)
9] Py, Cu, Zn & °1Z %S Table 119 H]xLs}
Atk e Aol o] NIST 27029 P, Cu, Zn &

p

L

a

Table 7. The values of parameter for preparation of blend b and b' solutions for the determination of Pb, Cu and Zn in NIST

2702 marine sediment by IDMS

o Typica value
Parameter Description
Pb Cu Zn
C, Amount content of primary assay standard ~ 34.433 mg/kg 33.531 mg/kg 60.305 mg/kg

blend b m, Mass of sample in blend b 0.20278 g 0.20278 g 0.20278 g

en m, Mass of spike in blend b 0.82388 g 1.02805 g 1.02805 g
blend b my Mass of spike in blend b’ 9.88141 g 9.82212 g 9.82212 g

en m, Mass of primary assay standard in blend b' 9.99846 g 9.99846 g 9.99846 g

Table 8. Typica value of intendties and ratios for isotopic standard, blend b and b' solutions for the determination of lead

in NIST 2702 by IDMS

Solutions isotope Intensity (cps) Ratios RSD% Mass bias correction
P VP9 mppyzmepry for ratio factor (K)
I sotopic standard 206ppy 4830.0
(NIST 981) 26P/28P=1,0002 208y 48602 0.9938 1.358 1.0064
blend b' 206pp 939581
(PAS + zospb) 208y, 196337 4.7856 0.863
Blend b 206pp 671994

Analytical Science & Technology
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Table 9. Typica vaue of intensities and ratios for isotopic standard, blend b and b' solutions for the determination of Copper
in NIST 2702 by IDMS (The level of concentrations ~20 ug/kg)

Solutions isoto Intensity (cps) Ratios RSD% Mass bias correction
Pe t (ep (ScuCu) for ratio factor (K)

|sotopic standard &cu 14896.1

(NIST 976) ©Cu/SCu=2.2467 ssCu 72753 20475 0.463 1.0972

blend b &cu 53197.1

(PAS + *Cu) Cu 128857.7 0413 0.7%0

Blend b &cu 30179.6

(sample + ©Cu) 5Cu 914917 0.3301 0.544

Table 10. Typica value of intensities and ratios for isotopic standard, blend b and b' solutions for the determination of Zinc
in NIST 2702 by IDMS (The level of concentrations ~50 ug/kg)

Solutions isotope Intensity (cps) (665:}22;“) fsrsgt’ﬁ) Massflﬁfo&?mi on
i 66
I(ant\?j:; ibatr:g:raice) 867n/%Zn=1.4840 Gé: 2;2411471 14240 0.376 10421
| 66
(S + =20 can mss  0S® 16
66
?;:&2 + 67p) eé: zgigtl):g 0.676 0.613

Table 11. The andytica results for Pb, Cu and Zn in NIST 2702 by isotope dilution ICP-MS applied high pressure bomb
decomposition method

SRM (Type) Element Conc., mgkg Recovery (%)
Certified Value* Determined Value
Pb 1328+ 1.1 1321+ 0.6 99.5
NIST 2702 (Marine sediment) Cu 117.7 £ 5.6 1183 £ 0.8 100.5
Zn 485.3 £ 4.2 489.0 £ 3.2 100.8

* from certificates of NIST SRM 2702

Table 12. Comparison for isotopic ratio data of SCw®Cu and ®zn/%zn before and after the matrix separation

DRC mode (NH3 0.7 mL/min. Rpg=0.45) After matrix separation
Sample name
ScuCu Zn/%zn ScuSCu &zn/%zn
NIST 2702 Blend b 0.5085 0.9138 0.3301 0.6756
Antarctic soil Blend b 0.4537 0.5890 0.3013 0.2871

A A QE7 99.5~100.8% W WA L x)8t 2ol & Yep itk midL 2a2l5k#] ¢ DRC cel
th. o7l e NIST 2702 A 59 1532 72 o oA WE7IAE AMEFO RN o= o] THol
AR o7 7FA] 24 H(ID-ICPMS, RNAA, ETAAS, 2 AAE F Ut 2Ev B A A, F7Fe
FAAS, WDXRF, ICP-OES)ol| 2l&ll 2431 &zttt Mol 20 2 ¢ls) Wkgr|Awre g 714 o] A AE A
23S Bl 4= U Table 4914 H o] TjH-E

3.2. OjEE2 Mz Fo| xio| o] EFAEAA 9} v A2 T8 7 agle = )
2b st AlgolA vldE Belshy] A3 o A f3le Yas FFor Y Y-S & 5 dvt
o] Z W3ty tt, = A Cu, Zn2l £ Aol A NIST 2702 N 89 A%, Fa7ddae] 7 S
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1.5%, Mg 0.99%, Ti 0.88%, Na 0.68%, Al 8.4%, Cr 0|9} 7+o] A Z3 blend bE T AHEs] & blend
0.04% Bolth 7HRIAE A ASIA &3, 07 mL/  b&AF} 7 ICP-MSIA FAdaH &S A
min®] NHgRES7AI S ARg-ste] S 3 F9940E t}oo] W ZA% FALLHE 7 (R, Ry)S 54

H =2 Table 159 YEI ST
ool 73 591941 &7 Table 13-159] 217
S2vE B84 B8 4 (92 4§t

Gk Y 249 MAAANGS AN T ZH ghe Ao
Hlaate] Table 120 LHERH ATk Aol A Ho] o]

LP:EOWEQ} NIST 2702 A B& 25 5994

& =23 golM dAZ 2pol2 BYT. LA A3 NE = 7t 929 552 At 28 7+ A
[2E AAT A 87 ASHT 2 475 dS52 29 UE e Adste] Table 137 Table 159 4
i*i AR o] FeAdS 31E 4 Sk E3ATh T3 2 5 dasy e A8l SAe
FFAE71R FH EY F9 Pp, Cu Zn TEE

33. HIEAAE 4
NIST 2702 A EF T Ut ¥z &
FAE7IA FH o] % A 9 (background
ste 2 ZHE AFH T AEE BN o) & 98,
A&t FEEYae] E9-8(blend b) ZE] AL A

Table 160 YJeRH ST o] &4 Ad= 7ZF Al 5nit)
402 9] sub-samples # 3t B2 Aot E
Table 162] A3 M2 Blwsly] JEE TA 5]
Fig. 4 “ERH AT

xo} 2o A&

'—l [e]
AXFZLEAPASY TETH L] EFEY (bend 249 AolE IHT S Poe % 2tol & Holxlu&,
b)S A %33 tH(Table 139} Table 14). Cuet Zne] 73-¢-oll+= f‘& ztolE g1 4 AT

Table 13. Preparation of the mixture of sample and enriched isotopes (blend b) for application of IDMS

m, : Mass of spike in blend b
26pp (76.3 mg/kg)

m, : Mass of sample in

Sample Mixture of enriched isotope

blend b (9 (9) ((*Cu (31.6 mg/kg)+%Zn (21.6 mg/kg))
Antarctic soil-1 0.20220 0.10442 1.02564
Antarctic soil-2 0.19978 1.02312 1.02558
Antarctic soil-3 0.19519 4.49720 1.02888
Antarctic soil-4 0.20613 4.48537 1.02821
Antarctic soil-5 0.20501 0.86504 1.02956
Antarctic soil-7 0.19633 0.35076 1.02807
Antarctic soil-9 0.19743 0.35046 1.02874

Table 14. Preparation of the mixture of primary standard solutions and enriched isotopes (blend b') for application of IDMS

m'y : Mass of spike in blend b’ (g)

Spikecalibration m, :

Mass of primary assay

26ph (76.3 mg/kg)

Mixture of enriched isotope

solution standard in blend b'
(9) ((®Cu (31.6 mg/kg) + %2Zn (21.6 mg/kg))

1 PRM-Mix.-1 0.88141 9.82212
0.99846 : '

2 PRM-Mix.-2 1021224 1013141
10.15651 ' '

3 PRM-Mix.-1 25.25068 24.87094
25.31595 : '

4 PRM-Mix.-2 10.40322 9.80204
9.69917 ' '
PRM-Mix-1 : Pb 33.5872 mg/kg, Cu 30.2649 mg/kg, Zn 61.5454 mg/kg
PRM-Mix.-2 : Pb 35.2803 mg/kg, Cu 36.7988 mg/kg, Zn 59.0649 mg/kg

Analytical Science & Technology
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Table 15. Typical ratio vaue for isotopic standard, blend b and b' solutions for the determination of Pb, Cu and Zn in soils

a the King Sgong Station by IDMS

Solui Retios
10NS
206pp/208pp ScusScu 867n/%zn
1 4.7629 0.4110 0.5210
blend b' 2 4.6946 0.4674 0.4965 R
(Spike calibration solutions) 3 47912 0.4148 0.5190 °
4 4.9839 0.4624 0.4933
antarctic soil-1 5.8260 0.2285 0.2073
antarctic soil-2 8.1177 0.2725 0.2318
antarctic soil-3 8.3833 0.3314 0.2829
blend b antarctic soil-4 5.0587 0.2420 0.2487 Rp
antarctic soil-5 7.2552 0.2330 0.2116
antarctic soil-7 4.8334 0.3044 0.2326
antarctic soil-9 6.9509 0.2988 0.2813

Table 16 The analytical results of metal concentrations (mg/kg, dry-mass corrected) in the soil samples at the King Sgiong Station

Sampling Site Moisture content
Element Pb cu Zn (%)
# 13.86£0.25 78.96+0.51 90.05+0.90 0.59+0.01
#2 99.350.25 94.77+0.86 107.60+0.67 0.52+0.11
#3 435.300.78 125.90£0.53 142.78+0.50 0.53£0.01
#4 701.03+3.71 82.04+0.57 115.40+1.20 0.42+0.01
#5 95.89+1.62 79.94+0.80 95.60+1.05 0.42+0.01
#7 33.38+0.60 115.50+0.80 113.90+1.46 1.67+0.01
#9 37.07+0.30 111.20+0.74 143.00+2.10 0.78+0.01
A Qo FAHG
=ro 4. &2 B
HCu
OZn
AF71A FHA G QA9 FFol o3 ESF
TEEHLEY FAAAE HFAEHE (primary
method)?] 591914 314 FFRAYS ol §te] =
o2 3 4 s 7 etk AR Baly = BT 87 RUE
Sampling site
s} gx__i-y 2=z ‘],\% ﬁol/‘\l_ E; H}H O
Fig. 4. Comparison of heavy metal concentration levels in A EH_H M ek - et - TOH_" o=
soil samples at King Sejong Station. AR S8 470 A4S gRlsh] Hste] &
FAIEE NIST SRM 27025 E4)5e Q154ks) vl
P gRe] A% AZ/IAIN Pe) Hold ARke Bk 2 A, F glol A2 2R Ew Wl
B2 BEYAE 73 MaianaTre] WHEEE E(A A Z GRS 1§ AT g HEAIE7A
8 9) 717} 3334 37 mgkgo- 2 WERSiTE WHE, A FHA A 7|A A He] Dol A EF F2 Ph,
714 Yol A& 14~701 mgkge 2 ¢ thgFe B Cu, Zng B3 A3, 291F 290] ddE e 714
5 BT E EAFolY k=] P QAR ERHT FHz A doizl X H A Po Fx=7F <F 108) o]
AEAteld] o A=rt AAS] &5 0T F 3 ’Fe] ApolE BT WhHol A shy Bk A}
Atk ol #H & AL TATH Y 2pel] o3 2 o5 A3 Cust Zn A FES Aol7t 9l
Hrhs Pb RS FHE FAE Agel 7118 29 & FAT 5 ATk B A7AdE ALARAY
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