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SR TR VR R 550 2 B IBOR P A 2% 5T, A IRE o bl B - ER R BT TR 0, AR E . SR A ERER
W 0.02~10.00 pg/L A RAFHILMEICR, MLRE A~ 4 0.9998, KithBR M 0.6 ng/kg, &K 2.0 ngke, il
FrEIBCR A 80.1%~99.2%, HIXTFRAENN2E N 3.89%~7.68% (n=6). T3 FREHLIESL A AR S AT AE, BEM
5o 0.15~0.72 mg/kg. £EiE ZIAMRIME . AR, feud . RBUES, AT A b s R RS
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Determination of perchlorate in tea by dispersive solid phase extraction
purification and ion chromatography-tandem mass spectrometry
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CHEN Ke, WEN lJia-Yu
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ABSTRACT: Objective To establish a method for the determination of perchlorate in tea by dispersive solid phase
extraction purification and ion chromatography-tandem mass spectrometry. Methods The samples were extracted
30 min by ultra-pure water at 80 °C , filtered by qualitative filter paper, and purified by multi-walled carbon nanotubes
and primary-secondary amine as dispersive solid-phase extraction sorbent. The samples were determined by ion
chromatography-tandem mass spectrometry and were quantified by internal standard method. Results Perchlorate had
good linear relationships in the range of 0.02—10.00 pg/L, and the correlation coefficients were 0.9998. The limit of
detection was 0.6 ng/kg and the limit of quantitation was 2.0 pg/kg. The recoveries were 80.1%—-99.2%, with the
relative standard deviations of 3.89%—7.68%(n=6). The tea samples randomly purchased in the market were
determined with the content of 0.15-0.72 mg/kg. Conclusion The method is simple, reliable, stable and sensitive,
and can be used for rapid detection of perchlorate in tea.

KEY WORDS: Ion chromatography-tandem mass spectrometry; perchlorate; tea

ESWE: HZRESHE R (2018YFC1602800)
Fund: Supported by National Key Research and Development Program Funding (2018 YFC1602800)
RWAEE: FhCN, AR, ERPFR 10 B Z 2K, E-mail: 627268600@qq.com

*Corresponding author: SUN Wen-Shan, Engineer, Greentown Agricultural Testing Technology Co.Ltd, No.688, Bin an Road, Binjiang District,
Hangzhou 310051, China. E-mail: 627268600@qq.com



6928 BT 4 R R I 2 A

%10 &

1 51 &

AR AR Sy — T A 8 ) B TR b — ELR 32 [ N AR i 2%
BIEE, AR RN TR AR, SR T AN
M LA R SRR, R AR —Fh A A R T e
W, TEKFAERER] . BB BATET | R4 UAR L I
M AN S8R A2 K Ll PR Y e SRR TR
ANFEI LA AR ST E AFREE R, XK R
L SF PRI R TS e AR AE R IR LA AR K R
AR AL~ R I K RN Lo 2 v i T i f e b
B TR B AT AR U s SRR TS Y R TR SRR
SRS A AR B AR A, XS Tz A
HA PO R AL, DR mT LA i W i, s
RIRINBE, T ANHHT BRI IREZR AL, ST m 2 LA
LM XA IE R AR, NS, — PRI P | o
B A b R SRR ER I i A T L R

=4 T ey S R M T ik T2 A R SR 2 UM
PN 565 11 27 N o S N 3/ SN S R G AR 1§17
JEiE O VR € - B/ R AR L
Vv AR ER I T2 M 05 1, 7 EEOR MR AR R A Gl 7 A
0.5 mL)A BEIRE] ng/L bk, SR BERE B I
BT BRRRIRES T MRS T TR R, T
BOMTAE S A R R e, RO E AT A A
T 8 548437 5 B 0 OS5 R 3 - A T
A S AT — A 0 C g (A X o SR R T AR B
LRV B, RSN IAL B - B Bk

SE R IR ER I, S PRERAE B T Il A B A B R,

RSN 35 HEA BT, REMS 25 BRI B B 1~ AT
AT ES T URA TS Y o F BRI o i SR AT A B A AL
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AQUION Thermo &3 LBk B 3 & A48 1
H 8h R g (55 E FEBR K R BHE A IR ] ); ABSCIEX
QTRAP5500 Jfiiti & 45 (3£ E AB /4 #]); IonPacAS20 %4y
ik (250 mmx2 mm)FIERHAE (50 mm=2 mm)(3E [E 28 2k
KA RBHE A PR A Hl); AERS500 [ B 14 i #$(2 mm,
Ah K B0, 35 BE B R R ORHE A B A A )
EUF0-945616 (TALBOYS)iR i€ %% # (B T 3L 2§ b A
PR F]); STI6R ok 50 HL (36 [ 38 Bk Kk R A,
Milli-Q 70 2li K A3 (35 [ % BE A 7] ); BSA224S TR
(T E 2 2 AR

AR ER [0 2 AR (R IR ER-"%04) (Ll > 98%, 3
[ Sigma 23 l); B ABRERARHEVE (1000 mg/L, bR
PR R ), 2 BE IR AN K AE IR B R (MWCNTS), 4hE
10~20 nm, PR 5 nm(REHEA LA RA BRA ), N-
2 TR T AR W B 0 (PSA) (R et g8 A /R A IR
Fl); 0.22 pm KA MBI (VLS L0 B AR AT B ),
1 mL P& e (8 R (R R S IR A R, SE3aH]
KK —LFK o
22 @iERHF

60 mmol/L KOH ik itk Pei B sh & A 4% A shi7E
e, SEEVRG TN 0.6 mL/min; B T-{03%4]: IonPac
AS20(2.0 mmx250 mm, 2.6 um)FEIE Sy 40 °C; FEAEAFL
10 uL.

23 FRIEERMH

B IR HLNEZE 88 T (electron spray ionization, ESI),
TR B TR 550 °C; Wi HLIE: —4500 V;
ARk (curtain gas): 60.0 psi; W35k (ion source
gas 1) 60.0 psi, # Bii# T i (ion source gas 2): 60.0 psi;
P8 2 500 W (multiple reaction monitoring, MRM);
MW X L3R 1
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Table 1 Conditions of monitoring ion pair

ey AR Fnz) TEF(mk) EEHR RNV Tl 8 L, e /e V ARV e 2 0 O RV
98.9 82.9% -143 -36 -10 -14
AR
100.9 84.9 -108 -33 -8 -15
AR N AR 106.9 88.9 -137 -30 -12 -16
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14 )5 2R AR e SRR AR AR MR BE R 1.0 pg/Ls
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Tl PR UEACE] 15 mL 05
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Fig.1 Chromatograms of perchlorate
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o AR R K Z B0 T K, BOR FAZKSE A Hp A
R R HEATHR I A5 6 B AT 7=, TR Aok
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R SR A e T AR B R VR D A AR R T, T 2 R B OIS
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FE SR [0 Z R A X AR HE R 25 (relative  standard
deviation, RSD)AY 45 R WK 2. S AR ER MY B R Ky
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Fig.2 changes of the peak area of perchlorate along with the soaking time and the temperature of water (n=3)
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Table 2 Results of recoveries and precision
FE b TR B /(ng/kg) AJRAA/(ng/kg) B /% SRR /% %
75 83.2 81.3 88.4 92.1 84.3 86.2 859 6.73
S 150 150 83.4 87.1 91.3 90.7 86.1 89.0 87.9 5.65
300 903 854 924 902 953 992 92.1 3.89
120 80.1 834 856 871 935 894 86.5 7.41
AP 240 240 825 846 8.7 883 916 876 86.9 5.84
480 83.1 88 87.1 883 895 921 87.6 4.27
90 80.2 824 8.7 876 880 93.1 86.3 7.68
b e 2% 180 180 823 851 874 893 865 947 87.6 5.29
360 89.4 88.5 91.7 92.6 93.4 97.1 92.1 3.95
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KR, ST EREHLRIAE) 10 ASZ0TRE g
(6 MERZR, 2 MELZR, 2 NS0T TR, S5HanEk 3
BN, SR BT R A RE i h A R R A, I
EEEEY 0.15~0.72 mg/kg, HAAT 3 AR SR R L)
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BT L

Bl 3 Shagkds . LUASR S e Ak b i SR AR & it Rl UK
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HIZR T LUE Y, 55— U] LU 2RI 90% 2247 1 1 45
FRERERE B ROK h, RIEIER A AR 0.5 g 450
PR ARRE TN 1.0 mg/ke M55 LIRS L, A2
1 6 1 2 AR ORI 4 3 5 M i A AR PR 1 1 R
KAE 5x1078 g 2247, BRNED 4445 (Buropean Food Safety
Authority, EFSA)%E B AMRAIEE H RIFEA RN 0.3 ngkg
PRJF R R, RIR IEH BAE AR R 60 kg, JUIARHAEARA
AR KRR 0.018 g, XFEM I RTGE A BRI E A
Rt H AV AR LT 30A BTk o i SE 3t AT H H1k
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*3 TEFRMHHERSEBRHENESER
Table 3 The experimental results of tea sold in the market

hTEL S EAIS LBz
1 H2 H 3 B 4 #5 6 7 HE 8 9 # 10
Kt E/(mg/kg) 0.25 0.38 0.69 0.62 0.15 0.72 0.31 0.24 0.71 0.18
1.0
0.8 A - it 0.4 B - G h ¢ S
0.8
2 0.6 03 B
Eﬂ ED Eﬂ 0.6
= 04 = 0.2 =~
: : e
T b Qi
0.2 0.1 0.2¢
0.0 0.0 0.0 ~———
0 2 4 6 0 6 2 4 6
A G, B LI, C Bpdk
K3 A AR S s i
Fig.3 Changes of perchlorate in tea
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