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W OE S SRS B SR A - XU R, ZE S (HG) - AR BB A SR TR
L (MC-ICP-MS) 23 T m s BE i[RI 02 R A AR E . B AR F T 40 B Bk B P B8, S 3 A1 HINO, +
H,0, BT YA YUR, "0-" 00 00N B AL IEAE il 20 35 B 0 A2 2 A8 o A [ 5 R B A i o AR M
W NIST SRM3149 1 MH495 JLAH IE R, 0T B ISME R 0. 1%0(20) , BEAR BISMEBEN 0. 15 %o ~
0.2%0(20) » LA TCF 43 B8 4 49 7 5 [ Yt % 85% 1H B, m/ANFHR E RN 20 ng, LB LR LI T NIST

SRM3149 [f] 5°Se £k, Sumossmos = = 3- 44 £0.1%0(20) , T B R BHIBIE Suiuss smseo = — 3. 04 £
0. %o, VUEHE #h 1) SShumuaa A — 13.53 %0 ~ 11. 37%o, I FAE FREE A M A= A PO BRFAF o 1) 5 8 3L

SRR T HAM,
KR WREMER, FCRBES, SR, SR E, SRR RS S TR TR

1 51 &

WRAKMSYLEROMEERTEY , HEX, MEREE bl KLY R 58
FFEMTFRPC RIS EXED Y, AREFHAG “Se."Se.""Se . "*Se . *'Se F1*Se 6 M E RN, HE
B4 0.89% \9.37% 7. 64% 23.77% \49.61% F18.73% , WEHIALZME AR, FTLALL T (0. IV,
VI B EHLFIA HLIE S (10 DMSe 46) 776, B0 % R0 Pl (0 78 I 3R R St Fnas e, [
I, B A AL B 2R 0 5 4 A Wy 2 7t REAS 5 S50 ) (87 28 19 3h ) e P g e f’ﬂﬁ"&?ﬂ]ﬁ@iﬂ‘]
it [l o7 28 1A 2R B BA ARG (] {52 22 0T DAAE Al s 4y ﬁ*ﬂé‘i%ﬂﬂﬁ%%ﬁf&ﬁﬁﬁi&ﬁﬂﬁﬂ‘%ﬁﬂ HET
T Wy AT RS T 2 B | REC T ) o7 R 20V g B ML) )

SR, B [E) 0 Z oA B R L I sERRR A T e fr A Krouse SO |40 60 AEAC LI WA
FAAS RS 5 T PSe/"Se 1 HUAE , HAMTRE B 4 £0. 5%0, BlJE 7E_L 42 90 4E4R K47, Johnson
S Se-"Se XUHBEAE N-TIMS _E SCEL T 46 [R5 2 A9 5 , 7E3R15"Se/ Se HL(E (1 2L E ) A Mg
THFRMEERZR, HEE T HR R H%Se/Se (9 HH T 7T LA B 18%0, % B HE R
+0.2%0 "1 | BT, Rouxel 22" 1| Fi % FEEAR S B Al AR , f# i Standard-sample bracketing ( SSB ) ¥:7F
S -2 AR L AR A 55 B R % X (HG-MC-ICP-MS) | il %2 T*Se/™Se 1) LUAE, 4> T4 55
+0.25%0, HSCB T 10 ng RANAE SR 7 ZAIME . /R4S Rouxel £ i FI T 45 4 B8 M B AR 19 MC-
ICP-MS , (HAEH S AR TR LR BE T R, R TR ESTNERE, £ LR THE
AL b, AR SE 0 H A Se-""Se IR 7 A0k i B SR BEAR (TCF ) 43 B3 4lifk Wi #2 , £ Nu plasma %I MC-ICP-
MS bR S RE R ST T E) 07 F (A SR BRI %8, bR vE S MR NIST SRM3149 FiI
MH495 8*7Se (ISMEE S 0. 1%0(20°) , HRFES: 6%7°Se MIAME AR T 0. 2%0(20 ) , J W R {31 ZAEFF
B RE E SR ER LA R R S R R B e T AR
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¥ HNO, . i HC1 . HF \H,0, (30% ) .NaOH #1124 F )tk NaBH, (98% ) ¥ty B 26 & Fisher /A F] , H4347
i, SR FH/K A Milli-Q #BaiK ., B AE AR Se F"Se 7] Z BUF F7 ( 35 [H ISOFLEX 24 &]) 5
Se [AIy AR EH TR % 25 E B KR 59 NIST SRM3149 F12% [F UIUC K248 % & Johnson 18+ )52
5 AR MH495,, [ FAYERILE R 15 mL #7235 PFA 70 Parr Bomb B R HIARESS . TAE R8T
FIEHE 28 AL (F FHRTEI 8 mol/L HNO, A FH7E HRRASLARE 30 min, B 5 A Milli-Q 7K sh¥e8%10 3 1K,
2.2 Se MR ENHRERN

R R RN AR B2 HTF Fe Cr Mo Pb S & JR R MR R AT, E B TR EAE
# AT A B RS 0 S s R P A R R A . AT L R R OUR B B AR R BV SCRRIE A R
B, BRI B AR A IR R HAE R BN R 7 2 S B0 , AR R LR R 3R 8 S R 2 4 L (B
HWERRERE W TR B RE(B) , N BCEE R T BdE AT B SRBE T DURS R (6 21 B8 A0SR 75 HLSC
RESHMERE(B,) o ZIETTEWL BRSSP ITKA R E E, A58 46 H Johnson 44t % Nu
plasma B MC-ICP-MS JF & FBUFE AU BEFE T , iF2 7 iR B ARFE S AN 8 10 52 B 4 R X 08 M3
. TR R XU B B HERR 2 R L SR E— e A R U R iR 2GS EE A
%, Se [AI R XGH BRI R H1 & R T A BB & 1975 (99. 7% ) F17'Se (99.5% ) I K, # BB L) 1:1 (1
fIE ] (5™ 7Se =1.05413) o MBI B3RS,/ S e =2 SEBRIMAT L AR 7 Se o/ " Se e = 1.5 ~
3.5 JEEN R 6877 Se (I HAH .
2.3 HRLtBESHESE
2.3.1 HSREME MRS, MEAEVUER R KK A . % HNO, + HF + H,0, iR &M
fRW WRALYI R HNO, , T IR & AP . MR FREERIEHITE 25 ~ 100 mg Z [A], M iR JE
155 CZe 47, Bt a1 210 16 ~ 18 h, $RJE 5 15 mL PFA #7176 70 C FEEETS, I 10% HNO, %4
25 ml, BLOFHBEZE 10 ~20 mL 77,
2.3.2 REWE BO0.2~1 mLBERAERMBMA 0.5 mL ¥k HNO,, F70 CTFEZEHRE T, (/M5 mL
5 mol/L HCl 5 57 % 25 mL A S5 W EE BB, F 95 ~ 100 CFAERM#A | h, RG22 R
SEZYZE 20 mL(HC R FE 2 mol/L) , i & k4 (HG) -MC-ICP-MS i b 55 ¢ P 19 ¥Se SR BRI
Se WeJE , BIAE S Se WREE = FRiE Se MR % (7Se e/ S€ undant) o
2.3.3 Se EMIENHEEFMMN BT A0 Se W EAIKES: , I A Se [F] {37 2 SUHH 3] (7Se-""Se ) , I
86 e’ S e =20 e SHBERI R AT E — BATEG, EE R Se WA IE KA, B H A
AR A 30 mL 0. 83 mol/L HCL 35 i#F A S ZEAR (TCF) b B P 4R
2.3.4 Se FMIEMULENSE XFTINA Se [R1 R BB M FAEALRE &b, HALS S A PR JT ik
—F R A B Al ET T B — R TCF ke miE . TS s o B AR AL
Ze TEMAVENZA, TCF fh25 43 B i AR B 8 8, HL TCF 148 iR AR ik, Se 3 B B BL AR I 72
R (DFREL 0. 145 £0. 005 g TCF, % F RV sl B 3 AE b B2, KA 3 mL Milli-Q 4k 1 mL
6 mol/L HCI.1 mL 0.8 mol/L HCl VAt 1 @ &AM AY 0. 83 mol/L HCl BT A, B N 1.0 ~
1.5 ml/min, SR 5@ f 2 mL 6 mol/L HCI.3 mL #AKMKEEH F ; @M TSI T K G, F A 15 mL
R ELLE S, N 1 mL 3 BB HNO, + H,0, + H,0 B4, BHELEFE T 95 ~100 C
IEMH AW 20 min; @BHFINA 3.5 mLB4AK , AR RIE A 8 1R 580 20 min(8000 r/min) ,
204, 5 mL 2T 15 mL PFA AR e ;OMIA 1 mL & HNO,, F 75 C T E 4 80 pL i, A
2L RO HNO, + H,0, IRAW, R BJLRE R &M LA IR, IR BE BV ZEE 3 ~5 ul;©
'S mL 5 mol/L HCl #4586 2 25 mL W% & o 35 M INEE B 3848 b, F 95 ~ 100 CR{ERM#A 1 b,
A JE R A R 15 min, FEHLINE Se FINLER

HHAR Se MF I RIYCEK =85% (5%l TCF MRTAETEIA OC) o GRIZ 2 Y B/ P EEREES mL
FIEHEEES 1.2 ~1.5 VA9 Se WEFE 4 pg/L 8,20 ng Se BIAT I B Se R 2 AYIME
2.4 SHUMBRFESRIE

Se [ i 5E B, A4 A HySe SARTERTI AR . H,Se MM =4 th AT T B 5 ELL T A
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Y RZZR . XTENYRERFEMIAT S W[ 10,11 ], ASLEh HC 392 B IR AR 71
2 +0.1 mol/L,NaOH(0.3% ) ¥ i NaBH, ¥REEH 0.3% ,#E 54 ARG A 0. 25 mL/min,

Se [ B 43 e 35 EAR R B K240 L AN - T A 405 1 B 2 1 ] E VR BN R L R M T B A S e
f) Nu plasma % MC-ICP-MS Li#f7, U E A NRERL, W& T 12 MERENM 3 MEFIHE
78,00 R B B KA RIRZEN 17% o Se RN RAMFBHEA T 9 MEHEH, K Ho6 H4  Ax,
12 .13 F1 LS 4r 5%t Se (1) 82 .80.78.77.76 .74 [Rl{ii % ;14 . H2 H5 X} "As.”Br F1*'Br, Ge 3&JFFif it
BT (IC0) W5 , HTEMB A E T A SR RS AR S e R AU 2 mh KT8 . Rl Ae s K
WE—M A 4~6 ng/L, AT Se AE S IRBET LS 1.2 ~2 V, #H & on-peak zero (OPZ) £ IEJT
2, TE I WIHSE 2 min, 25 32 EMRIREEITRES A Ge TFARINAE o 0 7 B4R PR3 *Se F17Se XU B
i xE B ATEAZRLNE , LR EZS AR BER E MY R A E N =G SREM 3
2.5 HEALE

XA REMBIE B A EXCEL iab R . BB — L2 T AR FIALIE, 0 SeH ™ |
GeH' (AsH"' %5, I Se/Se " Se/™Se . "Se/™Se F1*Se/™Se L. {H i A DU T 13k AL B 7 b , 3K
5451~ CYCLE #9 8%7Se 16" Se fH, R ELIERM A ArEiR 2 . ASCHIEN Se RN R HAHIAXT T
NIST SRM3149, AR :6%7Se (%) = [8(¥Se /"Se) e/ “Se /"Se) 1y — 1] x 1000, Xf FARUEH
T, Se KGR +0.1%0 (20) ,BEFIE £0. 15%0 ~ +0.2%0(20) , BE 5 I SEBRAS BE + 0. 2%o0.,

3 BRSHE

3.1 SetREBRBEHINE

EV BT, Se 7% B IG5 — /9 EPRARAE , (B35 {507 6 NIST SRM3149 124 Se [Flfz & mtrue"* . 7€
Xt R4 FE NIST SRM3149 bR 6 4~ F i R B IR B, 3R18 T 8™ Sesrysiee ELIERISME BE , FobRHE
PREE/NTF 0. 1%0(20 =0.08%0; n =42) ,8" " Seqruzias =0. 00 0. 1%0, SLHZE P ICHT AL FAR K MH495
MEZERIMWAESE T LR —BHE R, 20 5 0.04%(n =9) !882/7GSeSRM3149 =(-4420.1)%o, AR
TCF 43S alifb iy Ab SR AR , 4853 TCF 4461 SRM3149 (n =10) 1 MH495(n =9) iRt 4T 7 6 DA
W5E , EATRAINE B 5 JCRT AL AR i SRM3149 I MH495 (45 5 —2, ¥7E 0. 1%.(20) HITEREIZ N, H
He At 43 52 8% 7°Sesamae = (= 0.02 £0. 1) %oH1 8% Seqpyzies = ( = 3. 44 0. 1) %o, H 1, MH495 fy
5% Se qumias HLARMIVER YU EIIE B T+ Carignan 5 Wen & 32 #9535 8% " Seqryzies = ( —3.04 £0. 5) %0,
XM TG 2 7 T 78 Se [Al43 2 1 WA B 0 i AL A X LT b, {7 S 1 "Se SRR BE 4347 Se I R 4H
A SSB 5 ML
3.2 EEREFRNITHEEERE

TE Se M EME P, FIHREBERABWANATE " OREEE 8, X EBERMA Ar 800 Ni #;Q
BT, FEEFERSS TCF gifb/5 AR 5 TR EYIE AT E L As Ge Sb SFHYAR5E
S XBr. B N Ar B, S TR SR N SR Ar 2 JEF 31 7 Nu plasma #) MC-
ICP-MS I Ni & LY 155155, Ni"0 {55 — MK T 0.005 mV, HK,Ar ZIRFEFHESEHE
IlmVZEGELD, BESAY LA FBEPHERHT HCl, Ar 5 CL WA REZETE T &R Se 55
M4, A, A Ar PERERE L&A DB K ], KEYKr (77 WA X Se (55 &M T
Yoo FEIL, ENE Se FA RN, MUBEREFRESRE, MABEEH RS Z5EH 0 HCHRE,
IXFE, 31T on-peak zero (OPZ)ALIE S, AT 3RAR UL AT S Se I EIF S

TCF J& HAj#4T Se s> B alifb iy —Fb & 7 ik, FEAI 2 SSB Bkl Se WRINI R, HARBZH
BT EAEBHIEE( —SH ) BISEM, B AM T Se* A BI5E WM, 485 FfkE HNO, 3K TCF,
N2 RETBR M B Se. TEAH I TCF Xt Se 4388 alifb (%1 482 o, A W9 4> 7] s 4 4 o) B 80 : O A
HNO, 3 BUBLAR #1248 P R BB PR B ), A MUR TS 240" QTCF REgipsE 2 L5
BESRE Ge As, #5 BIRJG 2, BOR TRER H As IIMRE" . Ge.As BITETEH X Se . "Se IS E =4 T
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WERD . BT HATERZIERIETHE Ge As ¥RE 5 TCF F5isk( —SH ) BIERR, ElLibfE
FEh T Ge As MR RT3 FIH Ge/GeH ™ Fl As/ AsH ™ HilEAT Ge As -T-HE A FIBRIE N T X5 .

# 1 Se R RWEHKER BRI AETHEFHERRES

Table 1 Faraday collector array for Se isotopes measurement and their blank signal of interfering species

Collectors LS 4 L3 12 Ax H2 H4 H5 H6
& Mass 74 75 76 77 78 79 80 81 82
Se [Efi Z Se isotopes 7S 76Ge 7S¢ 83e 805 825
BADO AL+ WOAISCr HOA6Ar 0N T 40438 e Tpe A A0A L 40 A0 4 e B2
) 74Ge + 38 Ar37 Clt 38 Ar38 Ar? 40Ar36 ArH* 77SeH + 7BSeH + SOKr + 81 Br 81 BrH*
ZREFEFTH®H SNi6O* BASAHT et MGeHt NSO YRH 2EB L (9)

Isobaric interferences

75 As* 5 AsH* 76CCH +
74GeH+ 60Ni160+ 61Ni160+
4 2 32 5 1 5 5500 140 2

Ao B e 13

A=l
Blank signal (mV)

R A, TEE A SSB X IAE Se [RIAL R ITFFAE THEAMBR LIXERE, 0 T Se MK HAAMMERIKS . MR,
TR TCF AR B BEAL b 66/ Se RN MIRFRBERIEIAR , 1E Se FRMERB T AR FIHEZ K Ge As
TG T As.Ge T, 1 BT T 6™ Se (HEA As/Se.Ge/Se WRFE LA AALRSL . T LASHN, FEESRIGBE
+0. 1%L FE P, As/Se 55 Ge/Se HAEARI#ET 1.5 F0.05, SR1 , FERARALBRART il T As TN Se B9
STHRARNS (R IE , Ge AHXT R T, 76 As Se .Ge FLAFHIIEW , As/Se 5 Ge/Se HLAETEE AT LIAE] 4 F10. 1,

0.25 0.10
i +
020} 0.00+
£ 0.5t ¥ £ —0.10I
[} @
3 0.10f 5 —0.20t
“ o
005, ¥ 3 —0.30
0.005 i 5 s 0405 0d 008 012 06 020
As/Se Ge/Se
B 1 ] Se-"Se B BFIAL EARMEA R NIST SRM3149 min A — & L4 As Fl Ge X Se [d]
{5 Z M E R TIE

Fig. 1 Corrected Se isotope ratios using "*Se-"'Se double spike for NIST SRM3149 standard doped
with As and Ge

3.3 LEREMAY Se B RARIH oo ool

YERR B LB AL LA Se 1R 24, X BERE SN R 6.0
Se WML me/ke B 3% , LA BCEROVCRE R 6 LR 2 by
REAAHUR (REA 47% ) IR T8, BRHEER 4. £ — 0= 00587 S0 00 TS0
WK ZHE TG REE SRILT -5, By ~40
RS B BE I 1E 0. 20%e BTG B 2 1, 1 2 Tt T R &k g0l
6% Se A 6™ Se (A £ 7 T B 438 M 2% F R 25705 PRl 2 PSP

M (BRI y =0. 661x) , R BRE S [ 73 B F AL 5047
CERETIRN . Rat, RS BT 3K 677 Se
{EH225% , W ytbeoal A1 ytbfault B bk (£ 2) , K EFE AR A
HRe BN, EYRHAR N MIAER RS, ship of 57°Se and 8" Se and their correlation
MEESLE bR AR i o B R TSI solution ( NIST SRM3149, and
6%"Se LA, FA AR — 14. 20% 2| 1. 37%0, MH495) and a suite of samples

1K 25.57%0, 7 H AT R Se [ 2 AR08 B fm 92 89— 2L B

fio XA Se [ AL RAEIFEE AR AR FIMHERBR2 TR R RTA B B KA,

B2 FEEHR 677Se 6™ Se A 5 BB
WA HhER I L

Fig.2  Comparison between theoretical relation-
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F2 {f"Se-"Se SUMBERIXT 5 AR AL Se I [F] {3 K Wl &

Table 2 Se isotope ratios in several nature samples using double spike "“Se-""Se

T AR Se ¥ FE (mg/kg) 852/765¢ B +20
Sample Sample type Se concentration (%o, FATHEIN E (duplicate ) ) Mean + 20
BB
CpOA Carbonaceous shale 2588 9.01 9.13 8.95 9.03 +0.18
CPOD R EH 26054 7.88 7.73 7.72 7.78 £0. 17
Carbonanceous mudstone
BHRAE
Gysum 1 Carbon bearing gypsum 16.4 3.23 3.28
BREDUE
ytbfault Carbonaceons shale 5859 11.37 10.39
B U _ _ _ -
ytheoal Carbonanceous shale 2622 13.19 13.19 14.20 13.53 x1.16

W AR AE £E UIUC X% H K % Lundstrom 8] # 4% Glessner 4 4 & F# + ok ke 4
P EBFRAEEERE AE T L&Y B, £ 30H,
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High Precision Measurement of Selenium Isotopic Composition by
Hydride Generation Multiple Collector Inductively Coupled Plasma
Mass Spectrometry with a “Se-""Se Double Spike

ZHU Jian-Ming *'***, Johnson Thomas M.?, Clark Scott K.2, ZHU Xiang-Kun®
' (State Key lab of environmental Geochemistry, Institute of Geochemistry ,
Chinese Academy of Sciences, Guiyang, 550002)
2 Department of Geology, 245 NHB, University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA)
*(Key Lab of Isotopic Geology, The Ministry of Land and Resources, Institute of Geology,
Chinese Academy of Geological Sciences, Beijing, 100037)

Abstract A method was developed for high precision measurement of selenium isotopes by hydride generator-
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multiple collector inductively couple plasma mass spectrometry ( HG-MC-ICP-MS) using "“Se-"Se double spike
and modified thio-cotton purification procedures. Thio-cotton was first used to chemically separate selenium
from sample matrix, followed by removing unknown organic matter from thio-cotton using HNO, + H,0, for
possibly interfering hydride generation. "“Se-’Se double spike allowed us to effectively correct analytical
isotope fractionation during sample chemical purification and mass spectrometry measurement. The external
reproducibility for standard NIST SRM3149 and MH495, nature sample were 0. 1%0¢ (2¢) and 0. 15 %o —
0.2%0( 20 ) over the course of several months, respectively. Based on the average yield (85% ) of Se separa-
tion using thio-cotton, the minimum quantity of Se needed for isotope analysis was approximately 20 ng. Se
isotope ratios was reported relative to NIST SRM3149 , house standard Sypes e = { —3.44 £0.1)%0(20) ,
which was in agreement with previously published data 8}ues/spusise = ( = 3.04 £0.5) %o from sample-standard
bracketing techniques. Selenium isotopes were measured in several sedimentary samples with a range in §°7°
Se between —13.53 %c and 11. 37%0 relative to NIST SRM3149, these results indicated a wide perspective
application of Se isotopes in environmental , geological, agricultural and life field.

Keywords High precision measurement of Selenium isotopes, double spike, thio-cotton, hydride generator,

multiple collector inductively couple plasma mass spectrometry
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