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Detection of trace inorganic antimony (III) in water by ion
chromatography-inductively coupled plasma mass spectrometry

LIU De-Ye, JIANG Xin"

(Jiangsu Provincial Center of Disease Control and Prevention, Nanjing, 210009 China)

ABSTRACT: Objective To establish a method for the determination of trace trivalent inorganic cerium [iSb(III)]
in drinking water by solid phase extraction enrichment (SPE), online oxidation elution pretreatment, and ion
chromatography-inductively coupled plasma mass spectrometry (IC-ICP-MS). Methods Trace iSb(III) was first
enriched by a weak cationic exchange solid phase extraction (SPE) column, then purified by methanol and pure
water. Finally, the enriched SPE column was eluted with 1% H,0,+1% NHj. The iSb(Ill) in the eluent could be
converted into iSb(V) completely. Since the iSb(V) could be easily detected by ion chromatography-inductively
coupled plasma mass spectrometry (IC-ICP-MS) with shorter retention time and better peak shape, the iSb(III) in
water was measured indirectly. The iSb(V) could not retain in a weak cationic exchange SPE column, so it brought no
interfere with the method. Results When the enrichment factor was 10, the method had a satisfactory linearity with

the curve ranging from 0.010 to 0.200 pg/L, and the linear coefficient » was 0.996-0.998. The LOD was of
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0.003-0.004 pg/L, and the recoveries were of 94%—102% with intra-day RSD of 1.7%-5.3% and inter-day RSD of

0.6%. Conclusion This method is stable and reliable, and the detection limit can be used for the detection of trace

or even trace amounts of iSb(III) in drinking water.

KEY WORDS: ion chromatography-inductively coupled plasma mass spectrometry; drinking water; inorganic

antimony (I1I)
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AR R P ARIE SR S RO BB > =
WA > TN JCHLER > AHLEEN . Bk A etk nsk
BA AT BEAPAE T SRL KA WA 1R sl L b B R ) B, 86
B X B R85 P I A B AR AE S, LT3 LG AL X
e HARRET, iSbleE s T isbam™', {8
iSb(IN A EEE R T iSb(V) 2 104512, PRtk B /K H iSh(IIT)
LT 1Sb(V), FHA K i KU R MIK T 1Sb(V)o

FEARTF YL HLIX, RSB AE K 2B 1SbUID A
iSb(V)!". Reimann ZE 258 T 11 A Z A0 X L F K
BRGSO, YEEN 0.03~0.07 pg/L, (HARX BT
Bro Wu S 7K IT 22K b S iSb(V), Frit
4354 0.029~0.736 pg/L Al 0.121~2.567 pg/L; KITJEZ/K
HiSb(IID) A iSb(V) F i 43 Hl Sh 0.023~0.116 pg/L AN
0.047~0.441 pg/L . F&E 4 & K A1 K B4 45 fE GB
5749-2006" R E A TR KK P BB IBR LR 5 pg/L, £
%R 35 (Environmental Protection Agency, EPA)HLE R
TN 6 pg/LU TR FSRUEE TR P K it v o] REAFAEIR
WRES, TR KR A B & B B P b R 2 AN 8L
(2001 L)) KIAE WK BB R W P 3 A B N
0.5 pg/L ., EF] iSb(V)H iSb(ID) M2 F8 Kk, HATEN
AH G AR FAO B0 S A T TP TR PEAG B 5 K
iSb(ID) HA —E JR R4k .

- HURE S S S TR ERHT Z F To RS
AU RS T BRI AL AN Fang 251
e P FL R 5 55 8 T IR BT B A 4 R (Inductively  coupled
plasma mass spectrometry, IC-ICP-MS)iff 5% T KA ki )
PETERS, TR RN 0.12 pg/LGSbAIN)F 0.07 pg/L
(iSb(V)). Marcinkowska ZEPORFSE T H™ ok bl . 46 . %
RIE A, R H Rl 025 pg/LESbAIN) AT 0.11 pg/L
(iSb(V)). Lorenc Z2'fi Fif HPLC-ICP-MS [R5 7 XU
PR R B BRIEAS, Jrikk RS 0.090 pg/L(iSb(III))
H10.046 pg/L(iSb(V)). CHRF W] iSb(IIDK: i B 55 T~ iSb(V),
T Ed iSbAINGER e 2E, HiR ™5, T
S8 R SN TR T iSb(V)10 5 4247 Hik sy K
TETEIR & iSb(IMD), LA WZF & —Fps TR K IR
)5 E YRR 1S EI E 5 k.

A5 A HE 1C-ICP-MS A&l i1Sb(ITT)AY 72 8% %

T BB S HE R A, KPR R S & 4 T35 H &
T2& 4 SPE #1:, {H F AU A Be I RCRF 1SN AELR &AL R
iSb(V)FFE ML, IC-ICP-MS M5E, [HHE45 3 iSb(I) & &, LA
AR K H R B iSRG I it 2

2 MHEREE

21 UES5EF

LC-20AB JAH AR H AR B E A F]); 7900 A BHE A
R FIRTTIEL . Oasis(J74% 22) A 451 SPE #1:(60 mg, 3 mL),
f35: MAXRABHE FocfokE . WAX(E B #1583k |
MCX(RA BB 722 0): . HLB(H% 18)FE: . 60 mg 3 mL Bond
Elut 24 JL4E (35 EZHER/AH]); PRP X100 1% F @54
(4.6 mmx250 mm, 3&EPCKRTIZ ), Milli-Q £k,

3,3',5,5"- DU H BRI il . Z DU 2. /R — 40 L i B E
W, AL BRI . ZUKER (A, mEURH
=Ty, WL fEER . FhER(hgiAt, HEEBRTEA).

22 LWHE
2.2.1 iSb(V)#= iSb(IIl)i& & ¢4 B %)

AR THOK D, MREAEWRE, K5
ISb(VFMIERE; 4 =S ABRE G T 20%MEEER T, 5%EhAR
HBREAEMRECNT 1.0 ug/L F 1%ERHFF), 3575 iSb(IID)
PRUET T -

222 KAFEFRAE

TR T R —1y, SR F AR TR K R KB VA 56 1%
GB/T 5750.11-2006124f5 15 A5 & &l 0.15 mg/L. K
DL F7KRE 30 43 in A2k I 588

HU10 mL K EUBEUS F R K 2 SPE HEE 4, 2 mL
P R A M IR e R T 1 mL B Ak R M 9 R
IC-ICP-MS 73l ,

2.2.3 IC #= ICP-MS &4k

IC: iSb(V)F iSb(IIDJE A HTHI s AH R 10 mmol/L
Z ¥ 2. (ethylene diamine tetraacetic acid, EDTA), .
HAE iSbAIBEhAI R 3 mmol/L EDTA. i shHl ik
1.0 mL/min, #FAfH 50 uL.

ICP-MS: TP 1550 W, RHISEE 15.0 mL/min, B
i 0.99 mL/min, AR 0.82 mL/min, ZLERE 2 °C,
{SEAIRHA] 100 ms, WEMIE(ZZE Sb-121. Sb J&FHEEE AN
k4 &, ICP-MS AR, ek s TR/ N F 100 M
BEBEEN, FHi IC-ICP-MS A3 Bk T4 AT 2
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3.1 IC-ICP-MS 43 & iSb(V)#0 iSb(I1I)

AL S 1C-ICP-MS [RIES 43 2 iSb(V)FI iSb(1ID)[H
AR, WE 1R,

50000 -

Sb(V)

25000 |
Sb(III)

BT %Ucps

it [ /min

1 IC-ICP-MS 4% 5.0 pg/L iSb(V)+iSb(IIIR-& ¥ Wi 3%
Fig.1 Separation of 5.0 pg/L iSb(V)+iSb(II) by IC-ICP-MS

A 1AW, 10 mmol/L EDTA YE N SNAHAILE 9 min
PISE AL iSb(V)FI iSb(D 45, iSb(V)PREETE Y 2.9 min,
iSb(II/R B AR 6.5 min, 5 iSb(V)HH L, iSb(IID)f# 4 Fif ]
K H AR, PRE SR iSbOI) B HERE K | HEHf
JE2, K HBRE T iSb(V), SHICH! IS . A2
BT R OB R IRET K H S & KT iSb(V), H
HHL IC-ICP-MS .46 H FR &1, JR R iSRRI
TE o 4 5.0 pg/L iSb(I) 43 FIA B R AFIBRE B AR AK S
iSb(IDFERT ] W EZ AL DIBRET B SRk TP T8 iSbID A iSb(V)],
RN 2 iR

100000 -
75000 |
g |
R f
ﬁ 50000 e
H_,
w i Q.,: d
25000 - | " c
i | b
m——\ yjhr
0 8
BTIETJ/mm

H: BAkAKH (@ 0h, (b)1.5h, (c)3h, (d)24h, BR&E ARKP
(e) 0 h, (f) 24 ho
B 2 5.0 pg/L iSbIDFE LAY IC-ICP-MS El3%
Fig.2 Chromatograms of 5.0 ng/L iSb(III)

A& 2 a FIE 2 e AT, 5.0 pg/L iSbIDANA [ /K55
ETFIR, MBRE AR AR L AETESN AL, X FEEE N
FIRoK AR ST 57 B4 1S 22 1E FuAfr o F Rk H iSb(II)
O RS ) R FAARG, RIS iSb(V) & G TR, 24 h([& 2d)
JEAUHAEIR R iSb(IID) . BRE B SRKH iS4 ksl R AT
2248, 24 h(El 205 R R P IREREAERR 210 1S, [ 2 4iF
W17 JCI8 2 K Hh s o i S A 7R) (o 580 I 2 Vi S T 218 4R
ALFI AT iSb(IT) e Ak A AR E 1Y iSh(V).

HE 1 R 2 AL Y ShbA) S EARRT R E R, Gl
2f, Al f#i f IC-ICP-MS B0 Hitr i, {H 24 iSh(IIN) & & 7E
Dy RRRHE, Wl 2 d, BRI R RER, TE
C Sy Al

3.2 SPE #FE & iSb(IIDFNE LM kBt iR A ik 3%

iSb(IIT)7E R W P A BH B PR S i T U fe e, B
WAL A & 224 SPE AE4E . )83 SPE FEA S i
HIE Z=PER ISb(IDA B AT e Tk, ASSCHAINT SPE #5452
R, FET 4K 18(HLB) . BIES ¥ 2cii(MAX) . 550
TEEH(WAX), FHESTAZH(MCX) . 55 FH 8 T3 H(WEX)
SRS/ MY B ARACR, WK 3 R,

100000 |
2 75000 + /\
S\ :
& o :
® d
25000 L wa
~ AN
0 /N M
0 2 4 6 8

Hsf [ /min

1 (a) HLB, (b) MAX, (c) WAX, (d) MCX, (e) WCX, (f) Z}:AHE,
(g) 1.0 mL 5.0 pug/L iSb(V)ifid WCX )5 i i
K13 1.0mL 5.0 ug/L iSb(ID)i#d SPE 1 /5 Ui Hi i IC-ICP-MS &l

Fig.3 1.0 mL 5.0 pg/L iSb(III) through the SPE column after the
outflow solution IC-ICP-MS chromatogram

& 3 a~c 7] I, HLB. MAX. WAX /ME H B R TE7E
Kt iSb(IID), WEMIRR 18 FIBHE s/ MEARREA 2 E 5
iSb(IIL), T H iSb(V)H AL H i, BLAIERS iSb(UD)TEFE
tEAET Ak, FTRERENHELE SPE AR A R Ak
{7, AL TR iSb(In). 3 d I 3 £ 0] I, MCX FlI
FF/NHERTLAE 4R iSb(ID), {HAR= M iSb(IDZEH: H ki Atk
A iSb(V), 1R T RE, SRS TR 4E iSbdll).
3 e it WCX /MEE H i o & B iSh(LIDF iSb(V), FEHAH
A 2 ME AT A E 4 iSb(D) EAR A AR ki, K3 g
o WCX FEJ B iSh(V)IETETARAE T 5.0 pg/L iSb(V)IETHIFR,
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XIFEME, S5 300 % - B B A 55 B R B e 0 2 ok K R TR ML (11D) 8059

BLHH WCX HXT iSb(V)AMREE, AT iSbIDAE 4, Fhr
BRSNS iSb(V)ERATOR B AN IR B

2 [EF| iSb(IID)7E IC-ICP-MS Hr4r g [AlHE | TRl % |
for R PR v, AR A ARk Pk R IR R I 4 iSb(IID) Y
WCX /M, H1E4% iSb(IIDZEL AL iSb(V)FEBENE . ik
Pk, EaEM B, RAFRMKT 1% HNO;. 2%
HNO;. 1% H,0,. 0.5% H,0,+1% NH; F1 1% H,0,+1% NH;
SAALTER R BRI S ALRBCR, niE 4 R

100000 -
75000 | A
%50000— }k
H" [
T P d
) m— AN
b
M
() e Faan I
0 2 4 6 8

it [&] /min

7: (2) 1% HNOs, (b) 2% HNOs, (¢) 1% H,0,, (d) 0.5% H,05+1%
NHs, (¢) 1% H,0,+1% NH;.
4 5.0 pg/L iSb(IDEEIAILIE 1C-ICP-MS &

Fig4 5.0 pg /L iSb(III) IC-ICP-MS chromatogram after
instantaneous oxidation

%l 4 a~c T L 1% HNO;, 2% HNO;. 1% H,0, ¥J A fE
SZME AR iSbI) &AL R iSb(V), BEILANEAE YL
JBRHEFH Il 4 d FRIE 4 e BT ILERME 25 1F T HL0, SU4E iSb(IIn)
AE 1458, 0.5% H,y0, BT BEALKE iSb(II) 4 R4 AL hy iSb(V).
AHFFEFA 1% Hy0,+1% NH; fEMPER e &4 ImL
5.0 pug/L iSb(IINE) WCX SPE /IME, PEATIZ/ ML 2 mL H
BRI, SERE 5 BR.

&
R 25000}
=
N-
L
% 2 6 8

4
i 8] /min

TE: 1 mL 1% H,00+1% NH; e 3 ¢ # WCX SPE 4.
K5 BEBiY 1IC-ICP-MS K%
Fig.5 The chromatogram of the washed out eluent

B 5, &4 iSb(IIDE WCX SPE /MEZ i Ak vk
W ENE, AR iSb(UDE 43R4 A iSb(V)
ML o AT LR (n=6)3R W iZ i A T35 IRy 99%, RSD
2.4%,
3.3 ICmatafi

#7 IC-ICP-MS {ii FH =i b i shAH, MEo i
142 B Z) 78 ICP-MS “RAFHEFIBURE R IIAR, T34k
PR B0 RN A P AR 0 4, TR A D SR 1Y
FERH R T SR AP % R MR AR T TR KRR A
iISb(I)ZE R b PR 5 4= BB 4% Ak {7 B B[R] B . W R TR 4711y
iSb(V), [ I I €0 33 3 3h AH T 2E— 2B AR Ak, AR AL TS %
iSb(V)RIFT, 4niEl 6 s .

BT ¥Ucps

B} 8] /min

7: (a) S mmol/L EDTA, (b) 3 mmol/L EDTA, (c) 1 mmol/L EDTA.
6 5.0 pg/L iSb(V)EA[FFR S+ IC-ICP-MS & i

Fig.6 The chromatograms of 5.0 ug/L iSb(V) in different mobile
phases

1 FIE 6 a~c W] WLEH A fishAHH EDTA #kEEIFAIR,
iSb(V)PRE B EE A 4, 4518 2.9, 3.3, 3.7, 5.0 min.
LR, WPt 3 mmol/L EDTA 1B 3 shAf R AT fiE A
FEFAE 5 min 52T
34 FHEFHEBATRAKEEN

ZtAh, ARUFFE TP B10 mL skKAREE WeX
SPE /MEB A, /MEL5) 2 mL HEEK 2 mL 4ikiG ks,
1.0 mL 1% H,0,+1% NH; iR 5 WM . WahHh
3 mmol/L EDTA, IC-ICP-MS 5& il & YE i i Hh iSb(V)fl 2
53] iSbIN) &,

JE 1 B 4 0.010~0.200 pg/L Y iS5 #E FR 513
WK A (] i i A 20 5 A B, ) B £ R S A SRk
JIFR 0.100 pg/L iSb(IID)FRAF J7 % 50d, il + 1. 2.
3 HEEE, RAGH NI RDRS % AR e MR, sk 1
FiR
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B dn 2 4 R R I A 4R

F10 &

Fz1 FEFHIEM0=6)
Table 1 Method validation (72=6)

R % 1d %2d
PRl £k Y=147522X-1074 Y=129102X+2145 Y=152166X-821
AHOC R 0.998 0.996
LOD/(ug/L) 0.003 0.004
HFR/(ng/L)(n=6) 0.100
S/ (pg/L) 0.098 0.097 0.098
B /% (n=6) 96~102 94~101 97~99
H P RSD/% 4.50 5.30 1.70
H [a] RSD/% 0.60

AHFFE IR BRI 5 52 E RS A AL A 2
(international union of pure and applied chemistry, TUPAC)#{
ERTEP, 1 PR RRRR K R A 1 R
U, LAFEZL 3S/N THAAS 2 HBR A 0.003~0.004 pg/L, #12
SR R B E AR, AR BR A /NF 0.001 pg/L, ]
FTFURRBIR R iSbAIDAYARIN . AR5 H AR 15 AN L IS
MIRREREA . —2HT SPE H:E4E, =Y iSbdl)
ALy iSb(V)RF, iSb(V)AREH AR R i) 2738 06 UG ) T4 il
FRGE— A A% . FRULIIAE, 7K iSb(V)JEikE i AR i
BAE, FEIL 1Sb(V) A H PR 5K HBRAHTR S 0.030 pg/L
~0.040 pg/L, % FEF| KA iSb(V)FIXS & ks, 246 R
AT 2 B AR LR

ARSCHREN T R R TR A K A K B 2 d R iSh(II) & &,
RE 7 FiR

30000 |
" Y
2 20000 [ i “
9
&
=
i . >
% 10000 v e
sl a
ol ¥ Sl wikinai) AN s s sarasi B
0 4 6

It ] /min

T ()R LTI HIK, (b)BRSEAIAR 0.1 pg/L iSb(IID), ()& 2.d H
iSb(IIL) 7 # 52 .
& 7 iSb(III) & Al
Fig.7 iSb (III) content detection

LT, MR T A R A iSbIn, B 2 d H
iSb(I) 4 0.112 pg/L,

4 & i

AP SPE HEE4E . ARV AE S R,
AL IC-ICP-MS 5 iSb(V)[AIHEIE iSbI) Y7k F
PRK IR iSO/ BT BT 3RAT T RAFARICR o 251 Tk
R SR SRR EGIE— 2P B AR s BE U AT A o
1 iSbIHY 23T o

EEPES

[1] Filella M, Belzile N, Lett MC. Antimony in the environment: A review
focused on natural waters Part 2. relevant solution chemistry [J]. Earth Sci
Rev, 2003, 59(1): 265-285.

[2] Druzbicka J, Craw D. Metalloid attenuation from runoff waters at an
historic orogenic gold mine, new Zealand [J]. Mine Water Environt, 2014,
34(4): 1-13.

[3] Zietz BP, Richter K, Lass J. Release of metals from different sections of
domestic drinking water installations [J]. Water Qual Exposure Health,
2015, 7(2): 193-204.

[4] Biros, Shannon M, Bridgewater, et al. Antimony ethylene glycolate and
catecholate compounds: Structural characterization of polyesterification
catalysts [J]. Inorg Chem, 2002, 41(15): 4051-4057.

[5] Aharoni SM. The cause of the grey discoloration of PET prepared by the
use of antimony-catalysts [J]. Polym Eng Sci, 2010, 38(7): 1039-1047.

(6] fafds, ZEMFK, RS, . 90 X LAY b 84 )R 15 iR
(] LR R A2 (A ARBERR), 2002, 38(3): 417-420.

He MC, Ji HB, Zhao CY, ef al. Pollution of heavy metals in soil and plants
in antimony deposit area [J]. J Beijing Norm Univ (Nat Sci Ed), 2002,
38(3): 417-420

(71 BT, K, 00, 55 ) PP Sb SRAHE i i
YRR (D). RIS YL S5 B5A, 2018, 40(12): 113-119, 125.

Yang ZJ, Song B, Wang FP, et al. Characteristic distribution and pollution
evaluation of Sb content in soil in Xijiang river basin, Guangxi [J].
Environ Poll Control, 2018, 40(12): 113-119, 125.

[8] BRAFI, James B, WRAWE, 55. [R5 MR it Rl 1 SEBA 4 42 K
LA RR KU AL FREE L2 [0]. FR8BEMk2, 2018, 37(3): 544-551.

Zhang WL, James B, Chen YH, et al. Enrichment of soil antimony in



%5 23 4]

XUPEME, S5 B - F R A A5 T AR T RE AR RTOK R R LA (1)

8061

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

different indica rice varieties from southern China and environmental
chemistry for health risk assessment [J]. Environ Chem, 2018, 37(3):
544-551.

Shan C, Ma ZY, Tong MP. Efficient removal of trace antimony (III)
through adsorption by hematite modified magnetic nanoparticles [J]. J
Hazardous Mater, 2014, 268: 229-236.

Rakshit S, Sarkar D, Punamiya P, et al. Antimony sorption at gibbsite-
water interface [J]. Chemosphere, 2011, 84(4): 480-483.

Yang X, Shi Z, Liu L. Adsorption of Sb(IIl) from aqueous solution by
QFGO particles in batch and fixed-bed systems [J]. Chem Eng J, 2015,
260: 444-453.

Reimann C, Matschullat J, Birke M, ef al. Antimony in the environment:
Lessons from geochemical mapping [J]. Appl Geochem, 2010, 25(2):
175-198.

Wu F, Fu Z, Liu B, ef al. Health risk associated with dietary co—exposure
to high levels of antimony and arsenic in the world\"s largest antimony
mine area [J]. Sci Total Environ, 2011, 409(18): 3344-3351.

GB 57492006+ [8 [& ZEbraflAb A BIZE 5y 2 I AR FIOK AR S].
GB 5749-2006 China National Standardization Administration—Hygienic
standard for drinking water [S].

Environmental Protection Agency. National primary drinking water
regulations (NPDWR) [Z].

Liu DY, Chen G, Huo ZL, et al. Sensitive detection of cyanide in urine by
hplc esi-ms/ms combined with derivatization
Chromatographia, 2019, 82: 927-934.

BT, TR, MBS, S RGN (- AR A B TR
TEAE K DR TN T4R). JH71E%, 2016, 44(8): 1277-1280.
Zhao YF, Ning JS, Shang DR, et al. Determination of inorganic ion

pretreatment  [J].

cadmium in Marine shellfish by high performance liquid chromatography-
inductively coupled plasma mass spectrometry [J]. Chin J Anal Chem,
2016, 44(8): 1277-1280.

Klencsar B, Sanchez C, Balcaen L, et al. High-performance liquid

chromatography coupled to inductively coupled plasma-mass spectrometry

(HPLC-ICP-MS) for quantitative metabolite profiling of non-metal drugs [J].

[19]

[20]

[21]

[22]

(23]

J Pharm Biomed Anal, 2018, 153: 135-144.

Fang LY, Zhang YM, Lu BB, et al. A study on the extraction and
quantitation of total arsenic and arsenic species in seafood by
HPLC-ICP-MS [J]. Microchem J, 2019, 146: 1269-1275.

Marcinkowska M, Lorenc W, Baralkiewicz D. Impact of temperature and
storage time on the migration of antimony from polyethylene terephthalate
(PET) containers into bottled water in Qatar [J]. Microchem J, 2017, 132:
1-7.

Lorenc W, Markiewicz B, Kruszka D, et al. Study on speciation of As, Cr,
and Sb in bottled flavored drinking water samples using advanced
analytical techniques IEC/SEC-HPLC/ICP-DRC-MS and ESI-MS/MS
[J]. Molecules, 2019, 24: 668.

GB 5750-2006 [ [F ZARUEMAT B B 2 AT TR LA pRifeds:
B rIL[S].

GB 5750-2006 China National Standardization Administration-Method
for testing sanitary standards for drinking water [S].

Thompson M, Ellison SLR, Wood R. Harmonized guidelines for
single-laboratory validation of methods of analysis (IUPAC technical
report) [J]. Pure Appl Chem, 2009, 74(5): 835-855.

(TERE: K

(E=TER

X fEM, BIEERIF, TERARFE
ATEDSHEF,
E-mail: 452930291 @qq.com

= W AR, EERRSFEAT
EF I
E-mail: 345398653 @qq.com



