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Determination of perchlorate in feed by liquid chromatography tandem mass
spectrometry
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ABSTRACT: Objective To established a method for the determination of perchlorate content in forage by liquid
chromatography-tandem mass spectrometry(LC-MS/MS). Methods Samples of forage were ultrasound extracted by
acetonitrile - aqueous solution (2:1, V:V) and centrifugated at a high speed. Then the supernatant was purified by
graphitized carbon black solid phase extraction column, and determined by LC-MS/MS, then quantified by internal
standard method. Results The perchlorate showed a good linear relationship in the concentration range of 0—
100 ng/mL (r’=0.9998). The quantitative limit of the method was 15.0 pg/kg. The recoveries rate of perchlorate in the
range of 15-150 pg/kg was 95.1%-102.4% and relative standard deviations were 1.13%—-9.82%.Conclusion This
method has the advantages of simple pretreatment, high accuracy, sensitivity and stability, and can satisfy the
determination of perchlorate content in feed.
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e EENEY, B ELESE S BRI EE, TAk,
LB AL ot r v R ER Y5 Y B L 9 A0 3 3k G
FEOL, AR 2L il i 0 A0 XU 0 I, i A A )
SR B AR BSR4 s e, Sanchez 2B #r & M
AL T AR T E 1k 297~764 ng/kg, HET
FEFF(80 pg/kg) . FHZEHI(86 pg/kg). EHK(87 ng/kg)imkl,
I H. % BRA- W v e SRR R 7 i FRDRL b s SRR B A7 AE
FHIEM. BAT, HERSCHERTIRMAK, 52 W, K
Ko BEFE L AENE LS SR TR A b SRR R B A AR
S, AT S TR v R SR R 1 TR 0 B AR R ik
5T DRIk, T Rl vy R o A 0 2 e o o SR
RN BB iE, DR G R, PR 2
file b, MUR Sk il

i SR R R ARG 12k A B gkl B
T T AT L R - R TR U (o
T O TE RIS €0 1% - T 1 I P I A A S T i A AN 32
AL, KA IR B it € 1 A 2o 28 45 ) R 17 9 A
(0 3% 5 TR S T A I A R, AR RS S e )2
SO B S ARG R, (ER A DR R R R R R GE, H
TARHSE A 2%, B4 iR (0 3K s, DR R R T
W7k .

ARG HE ST T — b SR FF 58 6 R 2 0 e o i
FRER B it M 7 vk, AR I AN AE s SR AL AR AR A AR
ZHE

2 MREREE

2.1 5

1o SR AR AE AL (R T 99.9%, 2 Fluka 2 H);
EARRE NFRGRE 100 ng/mL, EESIHAF); CNE. H
BE(fargal, EERwAR);, WSS, £E Sigma 2
A); HRE (S, 5E Sigma 2~FH]); LI KRB AL
7K (18.0 MQ-cm).

Primer HLB [EAHZ Bt ( 150 mg/3 mL, 200 mg/6 mL,
500 mg/6 mL, & [ Waters /A F]); Supelclean ENVI-18 [ 4
ZEHUAE (500 mg/6 mL, 35 Sigma 2\ F]); 188 5K BATE
(HyperSep Hypercarb,1 g/6 mL, 3&E 8 G /RN H);
Thermo Acclaim TRINITY Pl & -F22#fai%4E(100 mmx
2.1 mm, 3 pm, FEZEBR CHRAF]),

7 R 21 MRS CERE . AR ARG
M. EM L RRAT L DB A 2 8 M, FTEREES, 1T
i 25 FH

22 EENRFRERE
4000 QTRAP AR {3 -H3 e i X (3E H AB Sciex 2>
Al); Milli-Q ZMQS50001 ## 4k 7K AL (3 [ %5 2 [ 2 w) )

LYNX4000 i 7% b &5 .0 B (32 [ 28 2R G R 2w,
ME203E/02 WL 434 K1 (i LM 457 4 2 vl ); KQ-500DE
B EE 7R U T VAR (B LB 7 (R PR A
2.3 FREARECH

YEBR AR IBGE 2 AR AN BR A fh, O 4l K s 5
BEIVR A 1 mg/mL FRifEff £ . WIBGE it m SRR Eh bR ifE
TEAVEI, FHRBAKIRREOR EE R 1.0 pg/mL B a7
Wio WEHGE R PO FRic i SRR AR vV I R 4l K R
RS S 200 ng/mL R 2 AR . 43 500 W JRGE 7 1) 55 54
PR AR F BT VR e SRR AR IR 3R AR, TR 47K K
fie il e 0, 2. 5, 10, 20, 50, 100 ng/mL 1) R 55
R, A5V IS = SRR MR B2 2.0 ng/mL.
24 ZWHE
241 HmETaE

(1) #2H

HERRFRBUAAEHARE 1 ¢TI 2 0.0001 )ik FEE T
50 mL HIEBLLAE R, A 150 pl 5 SR £ [ 7 % N bR iR,
HERGINA 5 mL KA, HMERINIA 10 mL 25, RiERS
5 min, B T/KBEHARE 30 min, 10000 r/min F L ES.C
10 min, HEEBARAL.

(2) %k

A1 B i P AR AL BUREAR YK 3 mL S5 AT 3 mL /K i
fbo WRHR 5.0 mL FIEW, obA AR R A AR, SRk
2mL J i, WESER, EALE .
242 €iELM%

Acclaim TRINITYPI & & B F 3¢ # (100 mmx
2.1 mm, 3 pm), FIRHA 35 °C, #AEEEH 10 pL, WE A
0.5 mL/min, JiBIARF ZIE+20 mmol F iR 45 75 I (B
), BAEE HLHI LR 1.

®1 SHREGIERIEEE G
Table 1 Conditions of HPLC mobile phase gradient

A [A] /min 1% 20 mmol H BREZVE IR/ %
0 70 30
0.20 70 30
3.0 90 10
7.0 90 10
8.0 70 30
13.0 70 30

243 &t

HH g 2O HL B 25 1 B TR (EST-); Rl =k 2 %
R W AR 2 (multiple- reaction monitoring, MRM); HLIi%s
HLE 5500 V; 2 F-IRIRE 550 °C, w5 SR Eh Al i i dh
WARFHIE (3 2).o
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e R . Table 2 Characteristic ion pairs of perchlorate and perchlorate
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£ FTISEHL Acclaim TRINITY PI & & 5 F35#tt, B4
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N - et g s — AR N 107.0 88.9 —66 -38
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Fig.1 Chromatograms of the standards of perchlorate and perchlorate internal by MRM mode
3.2 EEGAFIA%EIER W, ZBGCRTRE, HASHT . L0508, RO
i K@ 1, VPR SRIGE
K PR CH BLA AU R EL D 01, 12, 11 ( ’
2:1, 1:0, ViV), ZHE-/KUZRCHHUAHFKAR LB 0:1. 1:2, =3 EEREFRRE
1:1, 2:1, 1:0, V:VYRHIRBUAR], X1 ETE R T8, L TE Table 3 Test results of extraction solvents
PRI ] b A AR €550 K AHL i 21

EIRFHGEE 3), DHEE-KONRIGE, K5 EVIALE HBIVY) w6 /% RSD/%  [ICZTEE/% RSD/%
BIAE 1 2 RFRELET, AR Il 2R ARG 15 51 80%-110%, A

0:1 100.9~115.2 7.02 71.3~121.7 26.25
LI BRI SR, JRBGCR AR E, (HULH EK N
N o . : N 1:2 90.5~104.5 7.21 88.2~89.2 0.65
B, LHLRCE — B8] 5 25 2 0 i 45 5, 52 _EALak
1: 1 75.3~125.5 31.08 87.3~100.3 7.17

R, HSPIREE, AR T RENLIFES ., LLOF-K
ﬂﬂ%ﬁxﬁ, K 54 HUR B 7E 1:2, 1:1, 2:1(V:V), Sl 2:1 76.7~117.9 21.09 89.7~106.7 9.68
FRIEBEIEF 80%~110%, BLEKSHEHVAELHILE 1: 2(V:V) 1: 0 79.5~96.5 10.06 79.5~96.5 10.06
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3.3 [EEZERAEIERE

TS L H Primer HLB(150 mg/200 mg/500 mg), Cis,
Supelelean ENVI-Carb f1 256841 5 Fl SPE 4, RHA# T
R, 458K Primer HLB F C,4SPE KX & 75
PEE T —E M RBRER, BEREEE. AERE
FEXFE A P R T LBR 83, 20T Primer HLB 1
CsSPE #E, UL 2,

FEMZ: Primer HLB Ly S8 BADS LS, AR BN
RAE 80%~110%IE [ N, MIXTFREMRZE (relative standard
deviationRSDYEYJ/NF 10%, LT Cis SPE F:ELRICR
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BRI EOKR, A LBRER T b, A8k B AEx
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Fig.2 Comparison of the effects of alfalfa-like liquids purified by
different solid-phase extraction columns

C,g500mg  Fmsmg

K3 EAEREELZ 5 Fh SPE AL bR IR Y HL AL (n=3)

Fig.3 Comparison of recovery rates of alfalfa samples after purification with 5 SPE columns(n=3)

34 EFRMMN

TROAH €235 H3 B ST 335 40 BT 75 B 32 R S L R R RS W,
A B JR A L0200, AR S SR T R A BOR: v A A R R AR
U FRLRRE i 0 4 %o S RSN, o PR AR IR I R SR
AR NAR, ERTEIE R, B RA R, AL
HOAE TR AR IO AR, R T R I R IR 25 . e
Ty B R, R 2 bR R ER I G A TS T
ARRL, M2 T ER T 35 SO, 1 5 T 5 | R 1) v SRR R A el
AR B, R T R b R v SRR AR, R O
P IO S R NS W B SR N i RS X Ny Wl i VA
R NARIE AT RE i, DAV JE R0 AR, DA T 2 17 1%
D5 T W MR AR e T
35 tnEEfhZ&eEl. REREEER

T BUAS [ AL 1 v I A v v 100 V2 8 A0 o S PR AR
IO NARI, FKFGRE, fSEIMREE R 0. 2. 5. 10, 25,
50, 100 ng/mL AUARMERR, AU, DLH FRigE RS i
PRI TR LU AR bR, DA E R AR b, 7 b ofe il &
AR, WIE 4, G55HREM, 75 0~100 ng/mL JE RN, FHEL

PEFJIH I 17 =0.995 FYELR . 1125 FARE S AR IR IS [R) v B 1
AR, & BRI ENE, WEEHE B 1 B R 0 i
MELEL(SIN), #% IN=3 BE 7 R, IN=10 #E ik
R YERERE R 1.0 g, EAARBUR 15 mL i, Ak
TR SRR ARSI 6.0 pg/kg, SEEEFRM 15.0 pg/kg.
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Fig.4 Standard curve of perchlorate
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T D 7 TR T SRR R

A3 SN 15.0 pg/kg.30.0 pg/kg F1150.0 pg/kg i e S maEh
BEAUEE 6 O FATIRRE, Fele T R I b A e, 3
FnbR R, 8T AL o AR X v e 25 2 2%
KGR . RIGLE R 4.

SERLI R, TR A v B A R R R I A R i
RIGTE 95.1%~102.4%Z [6], WERfRE RS o AR hm i 22
TE 1.13%~9.82% 2 i), K% B R

F4 AREREREIEERESBRER(n=6)
Table 4 Accuracy and precision experiments results of feed
samples(nN=6)

. = N EN
WINHe E /(ng/kg)
SRR Y% RSD/%
15.0 102.4 1.13
30.0 96.1 1.69
150.0 95.1 9.82

3.7 NAERARHITIARNE

SFASTRN P LR 7 Rl 21 AR S AT e S B R A
ME, MAREA 150 pg/ke, W3 S, 45, 7 FiEkN
BRI EITE 80%~110%Z 0], 5 Fiialkl e EliREh el (g
¥im PR i, o E R A & s E] 105 pg/ke,
N XY R R AR R TUE -5
%5

TREAMNSSRESE. MREEEMBENIRERE

(n=6)
Table 5 Results of perchlorate content, spiked recovery and
relative standard deviation of different feeds(n=6)

AR

FEGh 24 FK

T/ (pg/kg) SB[ R /% RSD/%
7w N=A 527 87.9 0.08
£k 15.6 90.8 2.80
LB 4.65 88.2 0.40
ISR f 9.84 89.9 4.80
Fiks 14.7 95.8 9.53
e 14.7 97.2 5.82
EEG 105 88.5 0.80
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