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15702 A8t 715 g3 vlagho2A 240 F3dS et ot 22 AES Aol

F

=1 =2

Abstract: In this study, the hydride vapour generator inductively coupled plasma mass spectrometry (HVG-
ICPMS) was applied as the new analytical method to show the high accurate and reproductive data analysing
the amounts of selenium and germanium being existed inside a system of plant. In order to decrease the
interference effects, such as ion and molecular interference. Mini torch was used into the ICPMS instead of
the conventional torch. At conditions of the different kinds and concentrations of acid solution, the different
reductive conditions for composing hydride, and the different methods for making ash, the contents of selenium
and germanium in lettuce were analysed. The inspection of yields and data comparison from SRM-1574 and
-1570a were used for increasing the accuracy of this analysis.
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A= tE AEQA FF(Lactuca
sative L)E AR E 3sto] 431t AFe A&
gk olue} ghdol M e oA )k SHARE AR
of oL o] gom SF, el et A
SR e AoR gEA St

AZ v (Ge)2 3|WA 2 Ao 37
A XIV 2 &3te SadaE WA o
ZEaL glem F=e] FA ol HETE F4o] v
AAAANAM = A7zF Fo EAF] 2 mg/L, 3l
= 0.05 pg/l A= FHE] Ah. Aged=
EghEo] Jom, WARE M) Ths Ah
o] BR FolE HL 3%l o2& AZvtFo]
Hol sithe BAax k. &5 F5948 771
AZvkge 2 AANZE A 542 2HgsA 5
AEd FrEo] AEg A &, 'S 1 2
g AFEt {7159 FEHE ol g5 HER A
Al frEd A 7k Z8-& sA "ot ol g
F7IAZnbge] Adazs AA HelA as F
3 e AEF QIEAE fFEAEAY 9T
o Zoletar g},

AdF(Sey> T, 2 T AHFIHER AEHY
27t 9x10°°% H = EA gt 7] Fol EA8H=
AYEF2 90%e AR o FEHE o=
ol AR EAlsts Al a7t AAA o]4tst
AeFe] FeE =7] o)t At ART F
A= AEHY FEE 0062~400 pg/Lo] L, A3}
% Ad =7 600 pg/L7A UERd & ik A
AA T3 FuT AEE ST A3 58 A8
T AdF TEE 10 pgLit @4 FA 2agdc),
}\]—/\6] _F_E‘_‘:_

A ge] ol FAt Aadhe AEFE Zow, 47
4 EollM AeEe 784 duEtdo® EAs)
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Aol AR71E A st A XU E 9 dEE fA
e Z4AE, FFERR2 FAFSHA(glutathione
peroxidase)t} thioredoxin reductase$} 732 T AE9]
oful=gto] Eoi7t e Aielth. 2EiA AdFel
AR o]t aaEo] dshA EaA K3l
Frafikast AF717F Al 25 345 A7 Hol
g & Sl wigol €

HEA F FUF] ABvhg, H4 9 Aeles 2

= AL2EART| 2N AR SAT =
A A& =133 H (graphite furnace atomic absorption
spectrophotometer, GF-AAS)**& o] &3] go A&
Al AEAE FIAT7] fke] FastEAd
(hydride vapour generation method, HVG)2.2 %3}
A7 T YAS5E3 9 (atomic absorption spectro-
scopy, AAS)S = A3t WHE AR &AL Stk 2
Hu} o]2] gk wFP S o]&dte Aol viEY 2
ol gt Wall @Fo] HlwA 2 FA F3HAY E=
Azsl AAANA 4FSHA 2ok (GeO) ol WF F3hE
(GeSY’#} 7ol 4] Ulddart AR FuEs
5o o] Ao AP U= AHAE 47 =T
H FasiEAdg e R A3 A & FEASE
g2 vhE 53 (inductively coupled plasma  atomic
emission spectroscopy, ICP-AES)< ©]-&-3F #A4 %= 4
P Jo}t HESHAIHA A5 o] HoX=
Zlo] Adoltt. whEbA A EA A8 F S a5d4
£ EHs7] S8l At o] &-stodof sttt fr
AgZepnbd FEA H(inductively coupled plasma
mass spectrometry, I[CP-MS)-2 F7] 914 48 9§
4 59
o] 3t W AP s=H
=T},

2 AFNME FaslEAl-FEdgEgav 2
FEAPoE ABZvgd AYEg A AEst] 9
5 ol AR W=7t =2 mini torchE AME-Ehe] 4248}
o] e gt Sz, A FF 2 vy 9
&, A& s o] xo] 5& AFEte, A=uE
I Agge 24 A HHx0E Fy 2 AHRE E
2 A5 FHol ALate] A=A ABn
A Fe FAPF Al A& FEe 24 HEHS
A A 8Farat g,

2.4 8

21. Alek, Mz R 717

B Ao A ALE3E A2FS Extra Pure ¥2] NaBH,
(Aldrich, U.S.A), NaOH (Aldrich, US.A)S A}&3}5)
21, HNO;(70%, MB+, 5-%-3}214), HCI (40%, 5
F3FR1A), Hy0,(30%, &-F3F217), HyS04(98%, &
S3R1IANS A ARESIY.S ™, HCIO,(70%, Aldrich)
= ICPMS 48 A2 ARE-3IIT ©]F HCI A
o Fro mE FASIENANFS 7] 95k, AR
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(35% Junsei, Japan), GR (36~37%, Merck, Germany)E
ARg-SFSATH

AHE-g 7171 mini torch® F2e FEAFEE~
w} 2 22 7)(ICPMS, ICPM-8500, Shimadzu, Japan)
2 spray chamberi= ¢ F¥ 3} 7 o] Wzt+&
CPNE F RS 2AE G AM8sled, 2 °c] ¥
75 3A1A AHE-3FS T Nebulizer (GE, Australia)
© 7IIETAE AR s e TS 04~1.0 L/
min® 24 sto] ARE-SIATE

22. 89 9 AE9| =X

221, 2

FastE A 9] WESA1eF] NaBH,= 0.2, 0.4,
0.6, 0.8, 1% Zt7} 1 LA A2 AR
NaOHZE 0.1%°14 1%7FA] A =38t AME-3F3Att. A
%% NaBH &% Knechel'’ 50 B3 WHiS AL
43} 0.45 pm membrane filter= &35} T},

AHe HNO,, H,S0,, HCIO, HCIE 7}7Zt 4=
SAEE 343t 05, 1, 2, 3, 4, 5 ME A X35
A3

ANEE F3sh] 9% v e 2= HNOS &%
AFo 2= HNOs¢F H,0,, H,SO4, HCIOZ ZH2} 3:18
&8st HNO;-H,0,, HNO;-H,SO,, HNO;-HCIO, =

Table 1. Instrumental operating conditions for ICPMS and HVG

Az} AR-SHATH

222 A2

B0 AREEE A FE XXXOA] 4l AuiE s
o]g-3th. 5= 3% F V€7 718 ¥ Yamazaki
e G SN S AREEE 457 FAAEE AA
Sk & AgF-2 Na,SeO,(Sigma Co. US.A)E Seo| ¥
FYOZ 2831 Se2] FEE 2 mg/LE A3
2, AZvtEE F84 GeOyAldrich Co. US.A)S

Geol THYCE Geol TEE 2 mglE 3 F 15Y

o

ZF A & Fglate] AMESIAY FEE e e 2R
RNE T Ax7)|A 70 °)CE 4841 7F AZX3E 3 200

mesh®| 7|2 &) & F AR&-3I3AT

AFAE FFEY2 AN HEH e A=2vest Ada
9] ICPMSE #3389 (Accustandard, 10 pg/mL)S
Ao 2 BFH3sle] 1% HNO; £H o7 34 5ke] 7zt
7+ 100 pg/Le] 22 BEFEN e A X3 5, 10, 20,
40 mLE £33l 100 mL &#Z et YAl 1%
HNO;Z 38]43}e] 5, 10, 20, 40 ng/mLE A|Z3s}e] 7
A gEgN oz A3

gk 4 AEAE Hrtsth] k] AR
SRM-1547, 1570a (NIST U.S.A)ZS Ab&-3lo] H]lw &
A 3kt

Descriptions Conditions
R.F. Power 1.2 Kw
Sampling Depth 5.0 mm
Torch Type Mini-Torch
Coolant Gas 7.0 L/min
Plasma Gas 1.5 L/min
Carrier Gas 0.4~0.7 L/min

Sample Introduction

Spary Chamber

Peristaltic pump
Cooling type Scott Chamber

ICPMS Interface cone Cooper
Condition Mode Auto
Quantl. Integration time 10
Quant2. Analysis Point 21
Quant2. Integration Time 10
Quant2. Catching 1
Quali. Profile Point 11
Quali. Integration Point 1
Integration Repeat Time 20
. Sample uptake 4 mL/min

Glggizgznvs}{) soti:m Acid uptake 2 mL/min

Reduction Agent uptake 2 mL/min
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AZvtga Adge B4 FastaddEA
ol gste] B, AL ARE A5 SR
o] =gt &, o2 J7kAE FYst AlEFY Al
v Al FastES AN BA8E
SFEL o2 L 7l 29]3}e] mini torch® = FH o]
o] 23} 5L o] 23tE AlZvhEd AdlF-E sample
coneg E3l] o] UZRE Azl T FFE I F oA
B o AASHAE7AAM AEst] HHF3FAT
ALEEE 71719 A #AxE, LAY w5, A

59 FE 52 Ay

23.1. Mini torch ICPMSS| =[H = =H

ICPMS®] HAZA 2715 27] 98l L, In, Bi9
o] 2A71& Z743led RF powerE ZA S & Li
5[, 29Bi2} Are| polyatomic ©]-29] 7Fd & o] &
o] wrAlsl= A& 529 5490142 backgroundS
A 3ke] sample coneZ} mini torch®] & A& 2AH
33Tt

W3 Sampling cone¥} torch®] A& AH 3
carrier gas o] FAx71E A 717124
Table 17+ 7t}

) T

o

232 Mo mME F=AstEo| MY =A

FASEALGRE o]&ste] AZvaat dewe
A ARREE A FF w0 wE HAHx
tiste] skt

AZeEe] 4% 10 pg/Le AZ2vE EFEHS
A %3 & NaBH, &= 04%E AR o G A =
AP EE NaOHE 0.5%E 552 12438k HNO,,
HCIO,, H,SOy, HCIS Z+7F 05, 1, 2, 3, 4, 5 MZ A|
zato] Al2nkge FEE At HHxHE ot
AT

AYFo ATE A2 399 22 WHeR
Agsle] 4] T/} v E A v v S

g5t A9z T,

233. NaBH; %! NaOHe| ==0f [ME AS

AZukhga Aelge] 24 Al AR-EE 43524
2l LA 2 AME-E= NaBH,SF NaOHS| 2]
z271& Tt fFedgEeantE o] &3t
o 283 B. Pahlavanpour'' 53} Robin'? 5
o] FAastES) He Y-S o] &-ste] EA4
stk Al=2vkE delge 4 ()2 el HCl

oo X Mz of oXx
ob [ 2 i

[¢]

g A F o] F4o0] & (Mx+)Z NaBH, 7t
Hhg-3ke] 3Rl FASHE(MHy)E A sotar &

NaBH, + 3H,0 + HCl = H3BO;+NaCl + 8H*
— Mx'+8H" = MHy 1 + 1/2(8-y)H, 1 (1

NaBH,E A4 &he) 4 )7k gsie] St
Qe gANE Rehse] 28 AL,
g BN 4 9t 2ol FHritsl whgol dol
1{1’1—4',13'14

NaBH, + 2H,0 — 4H, + NaBO, )

o] &3 7183 = NaBH,E ©] &3l F43ES
AN F ICPMSE 9] AlA BAT 39 S8
FastES A F glo], AR AR
NaOH, KOH && #7lste] A|xgt), NaOH 59 &

Ze] 2 H e =9| NaBH,7F vl Ea)7F 95
of @apx oz AR 4= glou} HCl 92 FsH4]
4 3o Hrlsle TR0l F & 7]&odof gt}

AzvkEe] 23S 10 gL AZvy EFE9S
A zZ3 T 3 M| HCIS AH&-3F3L NaBH, = 0.1%9]
A 1%7HA] WA 71EA AZeES 245
NaBH,®] FHH =& 2ot olu A Z= 0.5%
o] NaOHE 7+7}t2] NaBH, &l #H7}3te] £ 3}
Atk

A Fe Afde AZued 22 PHS=E 10
pg/Le] Aea FFE&H S A F 3 M HClS
AHE-3Fe] NaBH,Z 0.1%F-8 1%7F<] ¥ 3}A] 7] H A
A Fe 45t NaBH,2] HHTEE %3, ©]
o) SHFAZE 0.5%°] NaOHE 7}7+e] NaBH, &
o] F7bstel B AT Ao AL&3 NaBH,}
NaOH¥E A Ao o] Baalglar 54 Qo) Az
sto] ARE-SFAT

234. Aol TXz2| ol CHEH Hek

o
48 % HF 53 2 AR FO| 5

Eagn
2o ICPMSE o]&3l] £4317] fJalM= A& 5
o MEYXAE g A Ast TP gQo2 g

:
=& 3go] Fubsolof gk ABAS} Lo] £71%
o Thy FREo] Y AR Axe WEels ol
714 el Jout, duE o AN 543
shyol F2 ol gHm, Tehelt vlo|AoE olg%
APEE AHgE I ATk,

NS ANRE 500 °C AR BAZ el
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M fr7lEs Eelishs o AR Alje] 3
I 2T AloRE AHSStER Ao RRE] oS
Hag & 5 o, AR EaAEe AARA &
of= = gHol vk ey A3 s A2l
Z2HE AlFste] A3 228 SEFoloF f7]=0l
3] AastrE FefA|bo] 35417 AR Bol
28 FI FA0 o 7] A8E A & F ]le

l

uE AR ARt BE A9E US B A7l
couth EE A/120G BRI FAL 7HDE)
wo] Fu Qa9 AZekes Ad el o)
s, 4712 87 EE AW vr)ziEe
9] ST $A7} Wkt 50 343} 3]
ol ke Asehin, Al Sol YakEs) AUkl
ol 2o, Qs o) GAH] A0
glomz Age] &4 9259 09e 4o
o, 337t FRE Fol= g2 9 3% 4
ok A= WA E shok she WAZE] Ark
sshy & olst o] e &9 Felvt Anw
U RYAE 0§57 ojel$el, B3 ARy B
S92 ENY ol AYHA ol 2EA Fel

=
Zrkest AdEe APk Agol ojelg 2o

o A

Jat

vlol 2 shE o] 3 BAY e T Igate] B
M ulS Al ARE BT 5 glen, ke
Zwo] g, Abe) AZI7H AsEA) gon @rEn

Bel ol 9wt ohieh A¥Acid) F717F He
2§24 gt oldol Utk B¢ HIE §718
AHgHER §/1AAY ogo] X Ee g AL
F3BE o] 4o BEAS HEAA ABEL
Z7h A2 & Ak e vhol ke oA vk 2

3} v 2o ARG wel 44 3% o e
8 WYNA Lu7k B4 Ao Ak
WAl SOl HwY Qasol HEZE 8719 AL &
o& Fuso] BAtuA s 0] £ 1A
& & 9l vl ek”

SANSNUL LS AT 2 A2t 7]
B BAAYIE o, Belewst wa 4485
wol vls) gl Eao] Hol, W, A= g, AZrhy,
Qe F& 5 vlwn AU sk Ao 3
e,

25 g o] 2 AME-EH = 42 HNO;, HySO,,
HCIO,, HF 5o 13, 4kstg o] & H,0,5 ©]§317]
T 3R gk, @l abe 2143 33k H o= HNOs-
H,S0,, HNO;-HCIO,, HNO;-H,0,, HNO;-H,SO,-HCIO,
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7
ol o5 AT HARAYE el AI7ko] AN
shylol vlsle] A RaHAT Aoz E ) 2o
o] WAE & glor, Ralzt

q/l A3s BEU=E 4
Evpgat A d3e

/;‘:10] A A7 7 AL 543

Ao vt Age| Fafjel=

[S] .
o AH&g tH(Acid)E TAAE HNOs& A
L3l o, 3o 2= HNO;-HCIO, (3:1), HNO;-
H,0,(3:1), HNO;-H,S0, (3:1)& AH&-3lith Ax7]<]
A AzE ARE 2 02 g2 FH35H 250 mL pyrex
AR v YaL z4zke] Ak 5 mLY 7hskal A
ARAES Q& & 4117 o]A)F =] -5}.1—4__ q_)\] 5 mL
o 2 F7HE F AR S €2 A AA 3] 7HE
3l hot plate EHEE 150 °CE FA5HAA] 9l
o] AT WA FHAN F AL27HA] W s,
3] A2 F 1% HNO;E °&st vA He F

1

m

£ F 100 mL §FZe230) Y} o] L W
E3le 100 mL & #FZe2=39] w27HA HF] A=
vhgd AyEe BAE AlE 9o Fidler #

0.2g of Sample in beaker

!l 5mL Acid

Leave at room temperature(4hr)

l Heating

Digested on hot plate(150C)

! 5mL Acid

Evaporated on hot plate

Diluted with 1% HNOs3;

* Acid : HNO3, HNO3-H202, HNO3-H250,, HNO3-HCIO4

Fig. 1. Digeation procedure for the determination of
Germanium and Selenium by HVG-ICPMS.



FANEE B Yo s TEE YA
AR Fig 19 LT,

£ Aol = AZvEd AEES ICPMSE 24
& o) I ESS F4sk87] 918t Montaser'® 5-¢]
3228t mini torch system= ©]-8-3}4], sampling cone
7 torch®] A& WASIAZ|HEA ER1& Az A7}
3.0 mm Yul 7P =2 intensityS UERR ST, 2 9]
Fo R s Zhadhe 7 gkl UERT

AZelga AglFe] 240 AHE-3E e PGe
3} BSeS Aesle] AT RtH o7 AZulE
2 MGe7t YA ¥ &) 36.5%% 7HE EA R
"Geg AMEE A9 Aelgate A A% A A
o] YA MSet HAA Hol B4 FFS
U BE HGe 22 T4 v go] £
Geg AT

A Fe 79 Seo] FHALRA Hgo] HE B
A gk, ZEfvtol A WA E PArAr, 328'0,9] o] &
spectrum©] YEFUY T ¥Kro] LA =4 5]
Aol = ARg-o] AlgtE ojof R =R, 7H]o]20] A
I YA v go] E2 B8ed AFETlY] B3]
At
AzvEz A8 FS HVGICPMSE ©]&3te] &

A5, AEE Iz AE A FHAIE o] 83

1

A
AA RS AN F Bervle] £95
[e]

(o not

Ag stohal g A Atk dwbg o 2 NaBH,oF

2 A o83t FASHES A wof 1]

Z(As), A Z1FF(Ge), A (Se), HZAF-2(Bi), QFE| =
(Sby 2 z7stell A 2 A4 "rka deiA AUk

m 2 o
M

(]

——Ge-HNO3
200 —=—Se-HNO3
—+—Ge-HCI
—Se-Hel
- Ge-H2504
150 —e—Se-H2504
—*—Ge-HCIO4
—+—Se-HCIOA

,/;:/‘;

1.0 20 3.0 4.0 5.0 6.0 7.0
Concentration (M)

Relative Intensity
g

g

0

Fig. 2. Effect of acids concentration at HVG mini torch
ICPMS system.

- 0]47)

AZrhrst A8 FS HVGICPMSE #4138 3%
23etES A W] 7P A A v

A3 918 AR AAE Fig 20 YERITE HCI
e A FR%E 2 4ol =2 Ao E
HNO;, HCIO,, H,SO, X.th= 431 =
o 33k Aoz YeRTH B4 <]
w9 A% 05M9] =7t 7Pt Euke TER ey
S ICPMSE ©] &3 24 = Adgate] §A
AL AAsldol FtEE 3Me] HCIE AH&3sleE A
©] HVG mini torch ICPMSE o] &3+ &2 A] 37 9]
FTE 270 F YERgT

FASEAY A o A8k A HCI 3ME 124
33 HVG-ICPMSE o] &3t AlZ2vlEs} deEe] £
o] dnkd o7 AME-E= NaBH,9F NaOHe| FE2
FEFE FA 8t Fig 39 YEH T Se= NaBH,9}
NaOH B5F 04~0.6% SEHA 71 22 7S
HAon, Get NaBH,9 NaOH7} z+z} 0.8~1.0%9}
0.4~0.6% =W 91A 7HE £ A3E Bl

AZrEe A% HNOE 9E=A7 3 A9
HNO;-H,0,2 23 A2 23 ng/gl = Ve
S w, HNOs-H,S0,42F HNO;-HCIO,Z A 2§ ¢+
717} 412, 5.96 pg/g= YRt AEE9] 7% HNO;
2 A2 g 499 HNOs-H0,= A 2§ 4% 5.6,
7.0 ng/g, o= VeSO W HNO;-H,SO;, HNO;-HCIO,
o= AHe ¢ 27} 119, 162 pg/g® VRt

HNO; @522 AHz|gh ¢ 4tslge] o &
b Brp Holx] A Rl Al f71E0] $HHE] w3
7F =A] %ol 2, 33] REESte] R E sljof s W
AZgo] Yelyton, B3] F ICPMSE o] &34
A A9s & jbof Blste] WA HrE o] A
F 59 AEAE Eelshed A R ez

SIS

fo mn >

ot

000 - ~Ge-NaBH4

& Se-NaBH4
—*~Ge-NaOH

o
3

—Se-NaOH

Relative intensity
=)
(=1

a
=}

0.0 0.1 0.2 0.4 0.6 0.8 1.0
Concentration (%)

Fig. 3. Effect of NaBH, and NaOH concentration at hydride
generation system.
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20

16.20 + 004

15
1193 + 006
e
210
697 + 01
561+ 021
596 + 005|
5 412 + 004
230 + 003 231 + 005
0

HNO3 HNO3-H202 HNO3-H2S04 HNO3-HCIO4
Acid

Fig. 4. Element contents in lettuce according to acid
pretretment.

HNO;-H,0,°] Ed4ite s dAAjels dAste] 24
s A3= Fig 49 JENSTE AlZvkge] Aaghe
23 pug/ge® HNOE A2 &F3ls wjob e 73kl
yelgton, AgEe A$ 7.0 ug/gS 2 HNO;E T
oF7F =& ATt Uttt

H,0,= #7140 894 Ed3= YA = 7+
&3], 53] AL(RE, faps X
of sttt A e, T, V, Cr, W s3=
AES FAe ol5g Edete AR AH
Bo] Ahgo] A gtk & AN e 55 33
A2 o Azvks 2 AFS Ge(VI), Se(VI) 33E
& 1 SFER ST A H0,5 A stslon,
A A LS A Hohs A & T ANL
01 A 3= H,0,7} HNO; 539
Absheo] 3k Ababe 3 s =
A7E YeRT"®

H,0,5 ©] &3t 455 33t & woll= f7]&0]
3]sl HA B2 AFo] AA HFA9 719 el 7]
& JEHE A7A717F el Fol HNO,2 2 H| 7 ¥
& 2-33] WHEste] §E § 3|3tE AAlsteof sk
WHAZEo] YebsTh 3 H0,% &3] 3te] HVG-
ICPMSZ #2418 A9 sampling coneol] B2 9] 7}F
FE7t B2 s Zlo] #FFH tE e Olﬁo}al
Axg & v Bo} ICPMS £4] Al gk T2 g4
o] *H‘i}“ FHE EAgt= As
Sk A EA o] AAFoll=

18- Al H,0,H.th
2-g-stoh=

im

s e o

FAHE 5 3
= °
h

A \%

rlo

Ertgd dgwel AEA
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Al E-A AT 165

S 2 ¥ U H,S0, A oA Qlste] A
Ao} vpgrgel A7k A Bohso] 18717t we
dgol et Astgtel BA Wrkse @40l Vet
sk,

F71% Eall Al HSO, 5 HNO;oF &3+ W
o] ALgE I 9oy, ICPMS% olgst] NEE &
Ag 749 H,S0,9] =2 boiling point (338 °C)Z <!
sl AR E ’&-@r/‘]ﬂttﬂ A 7ke] A Q F| 3 Ba,
Ca, Pb, Sr 59| 594 T3 W §al=E %o
o, AAES A7 E St B3 Ag, As, Ge, Hg,
Re, Se 59 A 948 A A5 3 ¢
3} &J fo) L]-E]-L}J]E )18

Gray'? 52 ICPMS #41 Al H,80,9] polyatomic
ion 7+4d el EHTSP AFE AASEA Ti, V, Cr, Zn, Ga,
Ge, Se lé_—’__/] _E’__/R;]' /\] 3281602, 3481602, 348|6021H+ lé_.‘_g]
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Table 2. Recovery of germanium and selenium in pretreated lettuce by various acids (unit : pg/g)
Ge Se
Unspike spiked Recovery (%) Unspike spiked Recovery (%)
HNO; 2.30£0.03 3.27+0.06 335 5.611£0.21 7.10£0.08 43.8
HNO;-H,0, 2.30£0.05 3.45£0.10 413 6.97£0.10 8.51£0.05 52.5
HNO;-H,SO,4 4.12£0.04 5.35+£0.05 69.2 11.93+0.06 12.36£0.12 76.3
HNO;-HCIO,4 5.96£0.05 8.35£0.06 98.2 16.20+0.04 18.46£0.13 98.5
*Spike value of Ge and Se : 2.5 pg/g
S22 o 23 = o =0
Janghorbani,” Ting” %<& As, Bi, Ge, Se 52| 3 R(%) = C-C" 100 3)
WY QoM FaBEAYIAE ol g5 AZr} A
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2] & HNO;-HCIO,Z ©] &3} ICPMS ©]& A] Cl9] (NIST, U.S)E &A%t & H3 g3 vlw ASsTh
RS Fe7] SsiM e Fasted8ZAE o FFEA R AT Table 39 YERIT
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Table 3. Analytical results of reference sample (Se)

(unit : pg/g)
Reference  Experimental ~Accuracy#
Method Value Results (%)
SRM* 1547 0.120 0.122 101.6
SRM 1570a 0.117 0.115 98.3

*SRM : Standard Reference Material. NIST. U.S.A
#(Results value/Ref. value ) x 100
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ot 2 .
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T Mini torch®] A8 7] AFE 22 torche}
Hlwate] 4bshEo] AAdH| &34 22 W 298 Y
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