%52 % SrMi ik (FENXI HUAXUE) ffFgefss 55 10 1
2024 4 10 H Chinese Journal of Analytical Chemistry 1536~1543

CSTR: 32174. 14. j. issn. 0253-3820. 241253
DOI: 10. 19756/j. issn. 0253-3820. 241253

ETRIESBENARMNSHELESTHIRTAETT A

BE2 AN FREN B
Lorp E R b R AL 2 BF ST T, BAEE Hb IR A2 [ 48 T 5 5006 28, S FH 550081)
(v RO (I ) MR, BRI 430074 )
SUSTERFERI WA, FHs 999077)
YR EBREBERE, JEET 100049)

i E HOhE—MAENEETE , ARNSHESAEARE TR . He AT EAR A TH
NG5 B A A e M bR 3 A A A8 IR BE (W b ER T 22 AG B MG I S AN TR AN 25 14 [0 3R 2 28 G
ASBFFEHENT. T —Fh AL 3 53 B 285 G 2240 B £ 55 BT A T I 2 7K AR it A TR 245 )87 2R 2 B
BRI A B 5 3, I Sl T R R TR K RE i TS B A DX R K RE S b ShEINSE o A AR B AR R R
5 mmol/L Z, DU 2,18 —#1EE (EDTA ) Al 2 mmol/L 4845 — H iR &40 (KHP) BIR-A VA (pH 4.5)1E M zhAd,
i1t Hamilton PRP-X100 BB F 28 (i 43 B KA 5 Hr 19 ShA AT Sh(V) , FILFH— 22 51 B PR 32 S0 e
FEAYBS Sy . AR 40°C , R RO A I 1.5 mL/min, Z55RFM (30 B HTS , ShA) A Sh(V) &7 LA
FARA M ZSFREA R ShA A Sh(V) B EDERCR TN 99% + 1%, 103% + 1%L4 K 106% + 1%, 101% + 1%,
FH AR AR Z AR O AR PR RS o AN, AR AR MK AR S B IS RN A B v
W BOUE T AT R St . AR IR ARS8 SO B WA MR R A A ST v 1 bR f b A IR SRR AL T
ERBAR S

KA B BERIOLE; MrArE DN ZHRCREEES SR TS SRR R

B (Sh) E—FA M EEITE T ICR B TR VA L Bharsdan A s . A
TP b | )32 O T4 28 0 2 S R Tl v S BELAASR) . rEs . RS . BRSNS BT
TSRS B i R S B e & R DT, B E AR T Oe R, vl S 8 A S St
(—SH)Z56 T B E M, B IR A0 0 25 71 , 4R 88 B A e A, POt 30k . Bl . FEIE . B R
I RGO BRI fih ek e A 4507 3K 6 SR 82 2ok A\ SRS W fid jE 7 A T T AR R B
R B 22 1 5 [ M SR 7 {20 OB 86 B AL B 3 R e s i i e 75 ik R T A H Y,
BATE 3P B B R SRR EE N 36 ma/kg, TER /K th 928 427K F- Sy 20 pg/LS

TE EHRIAEE 46 L) =4 (ShA) ) ML (Sh(V) ) BRI 25 A7 7E ) AR 25 A6 EA AN [ A b
BRGNS AT XS, ShADMAREME AT sSh(V)! Bk, shdl) B S
Xt AR B KA 3 s ok, PR e R B T (IR AR RS M A2 AE AR, Sh( A% 5 B Ak Sh(V) , 7
H Sh(V) al e i g i a1 R B B0 5 v e WA B A S AR 461, Sh() B 277 1E T
VR JEFREE | A KRS TR R 7K 2512 3 EL B sh BRI B0 SR A S 4 P 2 B M 4 i 4 5 i L
I, A BT I R RN S B A TR Y AR A T HIR G MU BRI AT R o B IR R T 9EAE R
— PP A B T s ER (e 2 R RO R AECRE . 28k EAb . R AR R R B
PR RN AT o AR G R S A B R M U S R 4 Y L4y
BIH-2.0~3.0 e FI-4.6~-12.4 ¢S R TRIRERIERE S AR RN 2580 AL ZOBFSE A B T IR A T i
BAEE Th R A 7
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IR ATV R 56 & A SR A JE R I Y S At P05 | AR 22 G 0 1 AR A 30 D S 56 349 R T K TR AR % e
JFHE H R, TR A B R AR TR SUR IR TSR Bl . Ferrari 251l i S AE AL AE
W, BEREIE S B AL %) Sh( AN Sh(V) , & T 86 R Z ALK, %53 Bt R A7 e ZEBIRE R A At
TR R B ARSI, T ORARKARSEE T A2 2 S I R, AT i AT X6 RERIKAR AN T A 256 )
PEZE AT IR 5 v SO R i B ) T X S P SR AR SR AR Y B . X T RARKAR P OR RN 6
IR 7 vk T BN R ROR (3 5 A R IR UGBS (HPLC-HG-AFS) o Quiroz 25H7
FIFZr 5 T B R 8% A BEOBRE &b i Sh(V) AT Sh() & & o Chen 25200 11205 = S22 1
KRR PR FEM SIS, B AT, T ERREBE BRI A5 B R R AR KA S48 TR 7 R M )5 AL T
SRAEHBAT ST T — A S KRR RAT . T % S 3 B Al A S R Y S B M TR 2 i S B T R A
WK R RI 2R A2 o X8 TAE N IZ SR At — 28 & R T IR S A AR S

TEFIRAAR AP OR R 2586 0023 B 1 Rt v | S A PR AR o8 P i e P S 4 TR e 1 Y e i sh A
AL S 1 K% A RTE . Hansenet 2 2 (U RSN M LS A (AG HLIR 5 HE &R 5 7 (o
BRI ) TR E A A1, T RE S B0™ H A IEAZUN o« Lin 21 ] 20 mmol/L. EDTA-2 mmol/L KHP
TRAA TR TRAE M TR AR 2 B P Y Sh( A Sh(V)  H =k FE EDTA ISR 4 5 5 80™ 58 A9 FEAR0
AWFFE T BB AH 3% (HPLC) R4, (AR 1 EDTA AR i sl IEUefe T HPLC 19432
M, R ) RAR T K TP A [N A BRI VR 1) 5 L B0 UE T 43 85 77k i TSR X X R 7K T i
Sh(Il) 1 Sh(V) #1770 B w4 . ) , R H Z2HE U H B 5 45 25 IR BT 1S (MC-ICP-MS) 43 51| 12 H: [R] 437
FUUN, DA B AR R AP R R . ARG, T —Fh AT 5 | PUs AU SAR (1) KSR K A
i FRSh(M) AT Sh(V) 1453 B F1 R 200 2 773, IR AFRTE R AL FRBE HP ik 0 MR AL 244 T 4R T 4040

1 LIE#ES

1.1 FE5RF

L PR LB A S5 B R B (Nu Plus 1T MC-ICP-MS, J5[# Nu Instruments 23 H) ) ; LC-10AT 5%
AR A% (32 B Waters A1) ) 5 AFS-8520 Ji F 2GR (LA AR ) 5 Milli-Q 2K AL (3£
Millipore 2] ). Hamilton PRP-X100 [ 2§28 # (154 (250 mmx4.6 mm, 5 um)o

HCI(GR). KOH(GR)HI NaBH,(AR) ([E 248 k2RI A BRA 7] ; EDTA #1£8 (GR, Macklin A7) ) ;
ARIK R4 (KHP, ACS) . KI(AR)FIHTIRIMAR (AR) (Aladddin 23] ) o

BAFRUEVS W (NIST SRM 3102a) FIARFRAEATR (NIST SRM 3108) (25 H E K brie S AR ) s WA
FREAEH (ACS, 35 [ Sigma-Aldrich A ) THB4EK il 25 SbAMFRER R ; SFREES AT (ACS, 3
Sigma-Aldrich N )(g?ﬁg@ﬂ( i A8 Sb(V)@]—‘/ﬁ/ﬁ?{&o
1.2 HHAE
1.2.1 SEENNHAE

Bt RS & - IR F 9O (HG-AFS) M E o FEARJFHEA : 3BHyuq+3H+4H3Sb05)
—3H;B03,+4SbHyg+3H,0(. Horbr, 24 10% (V/V)HCL, B JFE 55K 0.5% (m/V)KOH Fi1 2% (m/V)KBH,
VRV, REIRAA 2R 0.5% (m/ V)KL FT0.5% (m/V)FiI MR 3 mol/L HCL AW . Kk Sl 4%
SRR YR | T 2 SO 4 h LURSIERE i Sb(V) S 8EA R Sh(T) . HG-AFS JIl5E 56 2 Rt A6
HFR 4 0.05 ng/mL.
1.2.2 HPLC-HG-AFS i ARAMESHEE

K HPLC-HG-AFS B3 M AR 86 & &, Hamilton PRP-X100(250 mmx4.6 mm, 5 wm)BHE 732
R T3 85 Sh() 1 Sh(V) , FAAH K 5 mmol/L EDTA 1 2 mmol/L KHP (iR A (pH=4.5)).
TERESE A )43 ) €335 23 B35 149 S () AT Sh (V) IR, 161 HAFILA 0.5% (m/ V) KT FILIR MR (3R 5
VW, FE 4 h DL SRS SR HG-AFS 43315 Sh (I A1 Sh(V) ki .
1.2.3 BRMNESTHIE

{#H Nu Plus [T MC-ICP-MS(Z[E Nu Instruments A 7)) ¥ & S & 4 RGN e BRI R H . B
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(123Sb/121 Sb)
e'sb = sample 11 % 10000 (1)

(123Sb/121 Sb)

standard

Horn | e ShIEAE Al AR X FRRUERE S 4 P Sh/ ' ShIR 7 2 FUE A 22 , P ShAT ' ShAr Bl ShAY i KSR Fa e
EEE

i FH 2 [ ) bl S BRI B O B AR T (NIST SRM 3102a) 1 86 [R) 67 R IR A FE B %
WEVETR, SR PR E- B 5 58 SUTE 25 B JC R AAE A PR LA S B4 o s A A8, 0 (R 67 26 R A MR Ry
0.4¢(2SD) %,
1.3 FREEH

FITA S AR 447 phy M i K (R R g 18.2 MQeem) Uil . HCL H1 HNO, 2855 W Yk Z& 13 alifb 5 48 1
ST S 7R AL T Sk 7 A AT 2805 HNO RSB FoKIEVE . S8 i 4 BT A 48 F R i v R ik
JEHE TR PR (0.05 ng/mL) . SARHIESLIRSE F ARG M, BRI TR 3 . ARYEAS (RS S S bR
AR 22 1Y) 3 A5 05 AR HE 28 i BHRT T 3RAG H BR, 45 F R S A5 S (EL AR BR v i 22 1) 10 R 55 LA HE i 2 11
R E R B A HG-AFS M5 & A9 07 HE A9 2 RN 0.05 ng/mL, K5 HiBR 4 0.015 ng/mL,
IS R AR ng/mL BRI N A5 54 1334 mV .,

2 H#ER5VR

2.1 HPLC Z2H®yEL

EDTA #3hE y—Fhim KW G50, 0T 5860 RIE B9, (A R T A RN S8 E T I s Ak ae
AT, TS5 EDTA B5EA JIEATE, 4 15 Sh(AD) A1 Sh (V)38 15 €6 35 4% i B ) AS 5], 3 it nlKs: Sh (I A
Sh(V) 35 , 7N KHP 4 B Tl 36 (i (&1 i 2 5 MR 7R 28 T4 S B LA BRI Sh(V) ik JFh
Shll). Chen 25208158 &, 1.5% (m/ V) BRMRIE 5 Sh(V) ISR I, 7525685 15 min 478 90%H Sh(V)#44k,
k1 Sh(I) , 135 %] 95% A9 Sh(V)FE AL 7522 20 mino PRI, AN 5% 70 4% 12 (04 B[R] 43 422 1 €633 43 B3 )5 1Y)
Sh(I A1 Sh(V) W, H T H Ao A 0.5% (m/ V)KL FIBUIR LR TR AR, 20 FE 4 h, RRR IR FE 4 5
K H HG-AFS 43575 Sh(MD) F1 Sh(V) VR EE

FERH S FacHta gt b BRSBTS I SR v 1 B - AR B 2 T k2B S I N, 1 38 48 S g 1]
RE GRS R ARG RE . BRI, T AR A 2 e M i 0T R O B8 TR o R T T A e AR e T R TR o

_4
an_T+B 2)

Horh ) AR B SRR AR E RGOSR T RAXNREE; KRBT B, A sy
SRR N AR, T S T 1 20 B L B ] B A5 10T e A T SR 4 A £ B
Sh(D) 1 Sh(V ) 7EBH &5 (A AT o8 B PR FE BFE] X0 B B0R OGBSk FH AR LA
25, N Sh(I) A1 Sh (V) Ay i it ] | AT FTeg T R 3 A4 J7 T By €0 3 A 0L P88 A0 S s R i e S 56 46 SR A
s, LU 2 HPLC 43 B /K AR 5 v Sh (I A Sh (V) W I AESEB0 254 o 76 el AR o 35 A0 05 B2 N s A 1) O
PR, SR B E S, PR TR A 30 min, SR 5 P TICE

AR TR X HPLC 4385 Sh(ID) A1 Sh(V) B2 an &l 1A frs . BE R TS, Sy A1 Sh(V) LR
B S R] R0 05, TR Sh(V) PR BE B Ta] e 52 /0N T Sh (I £ B2 B ] (852 im0, 3 mT fig 2 BRI Sh(Tn
S shAl T EDTA B FHA EAE G Sh(V) 3. 7E 20 CH, Sh() A4 B4 I E] F24 (8.75 min) ; 7 70 C
i, Sh(I) A4S B8 ] 48 (6.57 min) o X422 ShAD) 1 Sh(V) 5 sh A EDTA #9785 7384 52 v 1055
WA TR T IR T RO R AR A T AR TR . AR R AT (s A R AR R A o B
B ShAM AT Sh(V) o Z5A 7% IE AR R T Sh() A Sh(V) 553 B 15 10 LA S W Finiée e £, G Bre A
ISR R 40 C.

Uit S AR HPLC 4325 Sh(ID A1 Sh (V) AsZ ma A&l 1B itz . Bl i A 1.0 mL/min & 20314 &2
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A C 2500
Column temperature/'C
oor sy b B
- - Sh(I1I)
> 40 C|
E 3000 i o
2> - e 60 2000
2 2000(- sh(V) Fonoc
IS B L
1000 -
0 i 1 | 1 | 1 | 1 | 1 E 1500 B
0 2 _ 10 >
t/min '3 B
<
B Liquid pump speed/(mL/min) g Sh(V)
2000 - a 10 = 1000 -
L b 12
2 s 1 -
> L e 20
g 1000 500 -
E -
500 -
0 i 1 | 1 | 1 | 1 | 1 0 1 | 1 | 1 | 1
0 2 . 6 8 10 0 2 4. 6 8
t/min t/min

BT FEARTFE ORI (A) . WEIARGE (B) LR Bl 2618 (C) 86 (Sh) R B35 14
Fig.1 Chromatograms of antimony (Sb) at different column temperatures (A), at different mobile phase flow

rates (B) and under optimal conditions (C)

2.0 mL/min, Sh(V) A4 B i A] A 4.05 minZi %8 2 2.02 min, Sh(I) A5 8 B E] M 6.93 min4i%5 % 3.24 min.,
DRI, 370 Sl AF 3L -5 86 A 1 B s IRD A7 AE SRR DG o 7B 1.0~2.0 mL/min B30V BN, €0 3 R 10 43 B 1
KF 1.5, RAXIATLIA RS2 ShAD A Sh(V) o SR1M , 38 K i 4R 1T LA & 46 %5 Sh(I) A1 Sh(V) 1Y 53 25
st ], (E23 ST () o B 7= A AR RIS I 2 A Sh( A1 Sh (V) (GBS i T FIGE R . 258 7% 1 , AT
TRV E SRR 1.5 mL/min.

B O TERE R 40 °C, BN H 1.5 mL/min, 153 Sh(I) F1 Sb(V) (4325 435 an &l 1C JF
7, BGES S A it o S At Sh (V) B SRefE 43 88 2544, b, Sh(V) FAR FE B E] 4 2.59 min, Sh(I) A%
FAHE] A 4.20 min, AIZE 7 min PISZEL Sh(AM) A1 Sh(V) 5355
2.2 HPLC f Sb(V)#1 Sb(IE 4 BS 45 5

FRAE 2.1 77 rhiff e 1 5250 2544, 8 S P EAARIAE . Sh(V) IERFRIEW . Sh(A) AT Sh(V) iR & hrifE
VWA BIHERE HPLC A, FF7E 2.00~3.50 min F1 3.67~6.00 min HAA] , {ff FH 3 Sk 3501 (PFA ) B B v e
A3 N Sh(V) A ShAM TR . 8600 B BEE N 2~50 ng, 77E 20 mmol/L EDTA £ & W @ Jo #EkE HPLC
IS AR E R 3K, BIBCR Ny 3 RS ES R n P18 . 385 I E 43 B 5 20 Sh(V) A sh (Il
S AR E A R AL, VAL I T SR
2.2.1 Sb(V)0 Sb(IN)H) 4> B R

FEVERE Sh () HAR A SZ58 AR EE ) ShA) Y DR A 96% + 1%~103% + 1% (n=3) (£ 1), %
B Sh (I ] 76 BH B T (i A rh g se VI, 0 HAA S & AR AR N . ZEHERE Sh(V) BAFRIR A SE 5 , AS[F]
e BE 1Y Sh(V) B RIS g 101% + 1%~108% + 1% (n=3) (3 2) , W Sh(V) [RIHE ] 76 B B+ (i A i gl o8
VR IF HAS R A E RN . AEPERE Sh(D) A Sh(V)IR-A PR B9S2 5 | AR EE Sh(ID #1 Sh(V)
9 11 280 50 101% + 1%~110% + 1% (n=3) Tl 97% + 2%~104% + 1% (n=3) (3 3) , FH G SHAH T 7E ]
BT g Aol Sh(V) M Sh( 78 443 B T VeM , I AR 5> Bt B v Sh(I) A1 Sh(V) nl R e A1, R &
AALTA SRR
2.2.2 Sb(V)#n Sb(IAY R ZE AR

K FH MC-ICP-MS EL#2%F S (D) FRARIE A Sh (V) FRARIE 86 [ 67 28 2 st A TR, — 35 i85 {E 53 i o
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1 R[EIHREE Sh(I) HBRBE 1 (4 AL A5 Y TR

Table 1 Recoveries of different concentrations of Sh(Ill) single standard after passing through a chromatographic column (n=3)

K JInAE MFHE EIES
Sample Added/ng Found/ng Recovery/%
Sh(Il)-1 2.00 1.92 96+ 1
Sh(Il)-2 4.00 4.04 1015
Sh(Il)-3 6.00 6.20 103+ 1
Sh(Il)-4 8.00 7.96 99+2
Sh(Il)-5 10.00 98.40 98«1
Sh(Il)-6 30.00 29.65 991
Sh(1M)-7 50.00 49.19 981
Average 99+ 1

2 RFEMREE Sh(V)HbRE i (4 REAL IS Y IR

Table 2 Recoveries of different concentrations of Sh(V) single standard after passing through a chromatographic column (n=3)

S TALE A IS
Sample Added/ng Found/ng Recovery/%
Sh(V)-1 2.00 2.10 105 +2
Sh(V)-2 4.00 4.09 102+4
Sh(V)-3 6.00 6.26 104 + 1
Sh(V)-4 8.00 8.21 103+2
Sh(V)-5 10.00 10.06 101+ 1
Sh(V)-6 30.00 30.33 101 +1
Sh(V)-7 50 54.00 108 + 1
Average 103+ 1

# 3 RS B OE T S B iR

Table 3 Recoveries of different concentrations of mixed antimony standard after passing through the chromatographic column (7=3)

BEd# Sh(IMAME  Sh(V)IIAME  Sh(Il)ilfHE Sh(V IR Sh(T) [=l Sh( V) lifir %
Sample Added Sb(Il)/ng  Added Sh(V)mg Found Sh(Illl)/ng  Found Sh(V)/ng Recovery of Sh(Ill)/%  Recovery of Sh(V)/%

Mixed Sh-1 2.00 2.00 2.01 1.99 101 +1 100+ 3

Mixed Sh-2 4.00 4.00 422 4.08 106 +2 102

Mixed Sh-3 6.00 6.00 6.49 6.05 110+ 1 103+2

Mixed Sh-4 8.00 8.00 8.72 7.97 109+3 100+ 5

Mixed Sb-5 10.00 10.00 10.27 97.40 103+3 97+2

Mixed Sh-6 30.00 30.00 31.32 29.79 104 1 99 +2

Mixed Sbh-7 50.00 50.00 53.34 51.86 107 +4 104+ 1
Average 106 1 101 +1

(0.97 = 0.1)e(n=3)F1(2.05 + 0.24)e(n=5) . X2 HPLC HPAARBEMERES S WoR , Sh() A1 Sh(V) A6 [A]
IS5 R 11661 1.96e (1 2) o REABEIRILZR 73 HrkE BE N 0.4, 5325 F5 (14 Sh(ID A1 Sh(V) FAFRIK
SIEFRE AR RN —3 ShA) A1 Sb(V)IR AR LT HPLC 4385, #0) Sh(A) F1 Sh(V) A
F RS2 ZE AL 30 (0.99 + 0.11)e(n=2) F1(2.04 + 0.13)e(n=2) . HT 0.4efIEh RN KMk 2, WA 43
B J5 1 Sh(IM A1 Sh (V) 5 JEAR A 86 R A7 RALBL—3 LA BRI SR HPLC W] SE LR GV
Sh(I A1 Sh(V) AR5 B, I HLAE 73 B i B R 23 R AR R LR 431
2.3 HTEXRHAKEHERPHER

RAE T B4 SR IXCHIZK (n=4) FISTMN A B PU R A 1A N EE XCH T 7K (n=3) ARRRIRIK A A T
AN ZS BRI 53 B AR 2R ST RARAKAARFE SRR SS T 0.45 pum BYIR G LFAEUE LR 7 4 C
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A NEERAE . RIRFE Y Sh(V)FN ShAM 53 BSAEREASR AR IS 2 d INSER, BT R KA il o BB ik
/NF 0.5 pg/L, AR FRZK AR B 57 B ) 5 2 SC 50 1 s M o] A28 8 T Sk HPLC A0 38670 85 vk il
Tt ASBIFE 1] — R PR AR ) R AR R KRR S 43 B 50 ng Sh(V)FRER BN ShAMFRER T . WK Fb
TKFEZE HPLC 43 B 45 R L3R 4 AT 3. WK H Sh(V) Fi Sh (I & i ¥ I3 53118 98% + 1% il
107% = 1%(n=2) . 4 BRI Sh(V)F1 Sh (M) bR 56 [R5 3R 4530 1.86 1 1.29¢, 43 S R 7K

: | A%y
6 | |
| |
L | |
- | |
w 4 1 1
o | :
((0/) 1 1
~ 1 1
Wl i i
1 1
2Ls L o@ f :++Sb(V)
| |
- + : + * * :Sb(IH) + + m Sh(V)
! ) @ Sh(lll)
0 Single 1 Mixed Single Mixed A TSh
Deionized water Natural rainwater ~ Groundwater

B2 A [RIZEAL AR i b Sh(V )AL ShOIT) S R7 22 LK, 2 (4% D Sh(V) bR HEFE Y [7] (67 2R 40,
ZLEAHT A SO Bt i i [ 7 32 208

Fig.2 Isotopic ratios of speciation antimony in different types of water samples. Green blocks represent the
isotopic composition of Sh(V) standard solution, and red bars represent the isotopic composition of Sh(Il)

standard solution

T4 RIREEM PR RSB IR

Table 4 Recoveries of speciation antimony in natural samples

K4 Sh(IMAE Sh(V)IMAfE Sh(1lh 38 Sh( V)AHE Sh(IIl) Ml g% Sh( V)i
Sample  Added Sb(Ill)/ng  Added Sh(V)mg Found Sh(Ill)/ng  Found Sh(Ill)/ng  Recovery of Sb(l)/%  Recovery of Sh(V)/%
ﬂ‘—J7J( 50.0 50.0 53.5 49 107 +1 98 +1
Rainwater
TR *
- 1 - 102
Groundwater 3 0
W AR, = FARFAT IR
Note: '~ indicates not added, "*' indicates below detection limit.

Sb(V)
3000
g
s 2000
;é; N
=
1000
0 1 | 1 | 1 | 1 | 1 | 1 | 1
0 1 2 3 4 5 6 7
t/min

I3 DX R R A (3 (HPLC) 73 B )5 Sh(V) (i (&l
Fig.3 High performace liquid chromatogram (HPLC) of Sh(V) in groundwater from the mining area
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(] 7501 Sh (V) i Sh () TEAR 86 [ 437 22 ZH 735014 (1.95 £ 0.15)e(n=2) F1(1.13 £ 0.17 )e(n=2) , 5 J5HRIK
()8R R A R CHH 2557 . F/KZ HPLC 435 )5 Sh(V) 1 Sh (M) i & (1) [ e A [ 37 2R 2 e e I, AR
DI BT B B RAR MK PR R 25486 , A= AE R 208, 1 AN 32 31 [ SRR IR B SRRV e . 17
DX 1 7K 32 2 E BT e, i B A7 2 i RER , MO T S IR IR . 7 X K &
HPLC 43 & 5 U i Sh(V) , AR UL 3, HAELE 14> Sh(V) W AR BB 2.91 min, PRI, 57 X b
K RAEAE Sh(V) X 55 30K [ 11 1438 1R AR TR P8 £ 2L Sh(V) B AR A R —3 07X T
K Sh(V) ) [ Ry 102% , I H Sh(V) B8R [ R AL ((6.66 + 0.13)e, n=2) 5 Hu /K B4 1956 7]
1 2L (6.69¢)—E5 , 2 AR I7 i 0 A7 85000 A TSR L T K Hb S TR 2586 1R 28 A 4L, TSR R K v
(R FEE TN ok L= A 5

3 #it

AWFFEIAL T BT T @35 B S50 250, SCBE 16 AR IBORIR S AR Sh(I A Sh (V) BIA 20935
M E S5 R W, 43 B HN Sh(A) A1 Sh(V) Rz 28 20 S IR — 20, RIITE Sy B i R rh oA R AR B ) s
RO AT TR IRFR K L T K A58, SEBE 1 RIRRE il oA [ 2588 A 20 B BB [ 3R 1
M . AWFTEESL T —EREE PR A B KR K AL b S F1 Sh(V) 7 B R RTAL BT, N
PG RIRIRIR B R B R RO BE 17 ikl A7 B T SR A B A PR 5 P B 0 A e Al id
PR B A b IRAG AT o
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Development of Pre-treatment Methods for Analysis of
Different Oxidation States of Antimony Isotopes Based on
Chromatographic Separation

HAN Shi'?, SUN Guang-Yi"?, LI Xin-Yu"*, FENG Xin-Bin™"*
'(State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences,
Guiyang 550081, China)
*(School of Earth Sciences, China University of Geosciences (Wuhan), Wuhan 430074, China)
3(Science Unit, Lingnan University, Hong Kong 999077, China)
“(University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Antimony is a toxic metalloid and exhibits different geochemical properties in different valence states,
leading to distinct migration, transformation, and behavioral patterns in the environment. To further study the
transfer and source-sink relationship of antimony and its compounds in the earth's surface ecological environment,
it is very important to accurately determine the isotopic composition of antimony with different speciations. In this
study, a pretreatment method for chromatographic separation and determination of different speciation’s antimony
isotopes in water samples was established by using multi-collector inductively coupled plasma mass spectrometry
(MC-ICP-MS) to measure the isotopic composition of different speciation’s antimony. This method was successfully
applied to detection of natural rainwater and groundwater samples from the Qilong mining area. During the
pretreatment, 5 mmol/L. ethylenediaminetetraacetic acid dipotassium salt (EDTA) and 2 mmol/L. potassium
hydrogen phthalate (KHP) (pH 4.5) were used as mobile phase, successfully separating trivalent antimony (Sh(1ll'))
and pentavalent antimony (Sb(V)) from water samples using a Hamilton PRP-X100 anion exchange
chromatographic column. A series of single-factor experiments identified the optimal separation and
determination conditions as a column temperature of 40°C and a high-performance liquid pump flow rate of
1.5 mL/min. The recoveries of Sh(Ill) and Sh(V) from the standard solutions of Sh(Ill) and Sb(V'), and the mixed
oxidation states solutions were 99% + 1%, 103% =+ 1%, 106% + 1%, and 101% =+ 1%, respectively. Moreover, the
isotopic compositions of different speciation’s antimony remained consistent before and after the chromatographic
column treatment, and the reliability of the method was verified by detecting different oxidation state antimony in
the natural rainwater samples. This research might provide important technical support for further studies on the
geochemical cycling of antimony and its compounds in the ecological environment of the Earth’s surface.
Keywords Antimony; Antimony isotopes; Speciation separation; Analysis; Multi-collector inductively coupled
plasma mass spectrometer; High-performance liquid chromatography
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