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# EHITSARMEHE-BIRAE IR NN R AR d KR LGN T E, HRBETH-K (13:7,
ViV) 8#E)E HS, LiFiks% PRIME HLB B A8 #5444, Acclaim Trinity P1 £ 6 & T X HAL 0 &, ATH X
20 mmol/L L Bg4%e A s An B AT4 B e, BRAEPAT PR AR REES T RS A KN X, I"]#T«%fgge
R AW, FEREAFH RIS AE 2~200.0 ng/mL, 1~100.0 ng/mL SR A ZIMRIFERMRXF, RERZHSHNA
0.9983 F= 0.9998, 7 k&) M4 A H 2.0, 1.0 pgkg. B H Ao & SRR 3 9 A £ =4 A £ @A FH A K-F 6.0,
20, 40. 200 pg/kg A= 3.0, 10, 20. 100 pg/kg 49747 G A E A 91.0%~105.7% 4= 94.2%~110.5%, AAsF4REln £ H
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Determination of Chlorate and Perchlorate Amounts in Meat by High
Performance Liquid Chromatography-Tandem Mass Spectrometry

YU Yanli"*, LI Jie?

(1.Shanghai Sanda University, Shanghai 201209, China;
2.Shanghai Denuo Product Service Co., Ltd., Shanghai 200436, China)

Abstract: A method for simultaneous determination of chlorate and perchlorate amounts in meat by high performance
liquid chromatography-tandem mass spectrometry was developed. Samples were extracted with acetonitrile/water (13:7,
V:V ) and centrifuged. The obtained supernatants were purified on a PRIME HLB solid phase extraction column, followed
by an Acclaim Trinity P1 ion exchange column with the gradient elution of acetonitrile and 20 mmol/L ammonium acetate
as the mobile phase to afford chlorate and perchlorate. MS/MS was performed in ESI™ and multiple reaction monitoring
mode with an internal standard for quantification. The results showed chlorate and perchlorate had calibration curves with
good linearity in the ranges of 2~200.0 ng/mL and 1~100.0 ng/mL respectively, with corresponding correlation coefficients
being 0.9983 and 0.9998. The detection limits of the method were 2.0 and 1.0 pg/kg, respectively. The recovery rates of
chlorate and perchlorate were 91.0%~105.7% and 94.2%~110.5% respectively, at the addition levels of 6.0, 20, 40,
200 pg/kg, and 3.0, 10, 20, 100 pg/kg. The relative standard deviations for chlorate and perchlorate were 1.8%~9.7% and
0.7%~9.4% respectively. This method would be easy to use and has high detection sensitivity and good stability, and could
well meet the requirements of determining chlorate and perchlorate amounts in meat.
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SR R AN R SR ER 35 SR ok ANARMER A AN R 2
& EToHLEL, B E SIS e mnsk fE s )
Z e, BB 442 )5 (European Food Safety
Authority, EFSA) 433 F 2014, 2015 4E1F40 T &5
R EIREL . IR T A AR a5, KM _H W
PP 2 R XAy 2l FRCIR A Aol sz B R R, e
ZETPE IR AR AR B4 % A, 3o T i A BR R A S FR kT
A HNSZ A= 4T502 0.3 F1 3 pg/kg bwt' 2, H
AL, FE N AR e B b AR AR 5 e SR AR I BRAE AR
i, PO - B T sk B B T AR R

B i AR R NS SR ER BRI AR, A
WOAH (3 - R I T 5 L B T O R DT R R
fo O A R P R S T 0 =1/ S S i 7/ Wi
L, SRR ER AN R SR ER A 22 2R FH i RO A (o - HR B
SO A 3 AN 2R AR o R R R Ay 1) IR A TR
M, GERER AN EERER /KA TR, X T B kg
W 22 5 e A TE AR KT SRR s Ll
F/IE A S v NP0 s RS W 4 NG e~ ol - = D

BT & B RS I RIS ER BB AR R S A . AR
TECAMFT I b, SRS 2% H &k DA
FepEIRER AN R A IR ERER B I TIRST, i E N E
UL HAE 2R R ARG R WS 1AL L 35 P RS I X 52, R
TR SRR €33 - FR I BT 1 T AR &5 45 IRV 3 IR
FEAIN T, T — R | m AL MERR ARSI s,
A PR S R G R v SRR FR 15 YR It W g ARSI i
PR AR IR AR AR S
1 MR5RE%

1.1 MRS5S

SR FPAR U MR .« 150 SR B AR HE MR (1000 pg/
mL, DL & 7. mEmRRE 1) EH
Inorganic Ventures 23 7l ; Z AR EL [0 ZE NEAR AR TR
B0, FRAEFE I (200 pg/mL, DA AR 0, B Tit)

RS TAREHE B B W5 i @R ER R 2= s
= R R 80, AR A (100 pg/mL, DL GE R AR
PO, BT EESIHF CIL AWl 0. e,
fi  HPLC 2%, HigZeigsci Rl R oy A R w7l H
Q47 . L 1RE  HPLC 2%, 32 Sigma A\ Fl; & A .
SR KGRy ORI S, BT SRR E K B2
FBAliZK; 0.22 pm FAELFAER YRR IR Se Rl
AR F]

LC-1290-MS-6470 W& AH 53 1R oa 35 1k A A (B
FEmiss t B TR ESD) 32 Agilent 2AF]; Acclaim™
Trinity™ P1 i%4E (50 mmx2.1 mm, 3 um) [
Thermo 2 Fl; AL204 8T RF  Fig M4 8 -F0 A
Z N H); T25DS25 s 2 U bl 7 IKA 2
H]; SORVALL STI16R = i# & .00HL 32 [E Thermo
25l PRIME HLB B AHFEHUAE (3 cc/150 mg) &
[# Waters 2\#] .

1.2 SEWHE
1.2.1 HRUEG IR AT

1.2.1.1 IREPUEREAI 10.0 mL 25 vERf N
A 0.2 mL G EPFRAERL . 0.1 mL = SEERET AR E,
ARA KA RE 2, Botil TR SR R P SRR
BT SRR TS5 2.0 1.0 pg/mL, 4 °C
PRAT S

1.2.1.2 BEFINIZENFRE  10.0 mL A5 #Ee
A 75 pL SARRER O, ARUEWR S 20 pL /= AR £
O, RAERR, UK BT E A, Bl r B S RIAI R
PRI P SR 3L %0, m AR ER 10, MR 4351
1500, 200 ng/mL, 4 °C {%7%,

1.2.1.3 IRBEWAETAERE® 10 2 10 mL 53T
Sy IHERR I AR A AR HERE 5 0. 10, 25, 50, 75,
100. 250, 500, 750. 1000 uL, F43rHHNA 100 puL 8
A AL AR, FH 20 mmol/L H 2 42 - F B I T
(1:2, V: V)OI ES, Bohl IR S TAERIR &
B, Hoer, AiRER 0, mAIREL 0, MRSy HIA
15.0. 2.0 ng/mL. SRR B F W JEAK IR 4 : 0.00.
2.00, 5.00, 10.0, 15.0, 20.0. 50.0, 100, 150,
200 ng/mL, /& SR AR B F W AR YK 2y : 0.00, 1.00,
2.50.5.00. 7.50. 10.0. 25.0. 50.0. 75.0. 100 ng/mL.
1.2.2 FEFATANEE  IGEE P, VI, 04U
ML WS HERMAREL 2.000 g BT 50 mL HIEE .
Hr, in A 200 pL 1R A R 2R AR, PR A
7.0 mL #H4li7K, 13.0 mL 2%, 184J, 10000 r/min 4
J& 30 s, T 10000 r/min # ¥ B .0r 10 min FREL_EiF
W, WL 3.0 mL 5, i PRiIME HLB [EAH#E B
B 0.22 pm FAELF4EZE UL, 5728 1 mL HH U, IR
ELEWR, BERAE (- ER I BT SO A2 -

1.2.3  O3%-Biigatr it

1.2.3.1 %5 @i%tE: Acclaim Trinity P1 2&
B A8 HeAE (50 mm=2.1 mm, 3 um), AE%E: 35 °C; i
ZhAH: A N &, B o8 20 mmol/L 2 BREZ 1A ; 6 B
VENGARJF: 0~0.5 min, 35% A; 0.5~4.0 min, 35% A~
65% A; 4.0~5.0 min, 65%A~90% A; 5.0~7.0 min,
90% A;7.0~8.0 min, 95% A~35% A; JiiiE: 0.5 mL/min;
PR 5 pl,

1.2.3.2 JuigscfF  Hmiss s IR (ESTLIE); Hitir
2 B AR B4 HE: 200 Vi HEFLEBEE:
60 V; B F{LHLE: 4000.0 V; $5SIEREE: 350 °C; B
FE : 325 °C; WA A 10 L/min; #EFLAGR
;150 L/h; SR Z2 2 0 0 (MRM) RS
1.2.4 &M, EEk

1.2.4.1 e FHAROAR S 14 S 56 454 28 R AR
Ea AR A PR E TAERT, ICS RN B T = iR
BTy OR B ], s bR L SR S ARE AR
W SEIRAR T o R AR B A B B ] — 309
Jisige, HIHGE PR RS T S5 AR S bR RS R P AR 1Y)
R B AR T A E A R PR 22 YE B Y, DU
AE VR R AR 14 B AR o
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1.2.42 E&E WIRFNEE SR SRR 2 T ol &
PRAR B3, DAR AR TAE thZe 3 AR LL AR TE
J& mma N AR A B AR &
1.3 HEIE

B A A4 QQQ Quantitative Analysis,
22 K554 A Qualitative Analysis 10.0,
2 HBRE5ESH
2.1 [RigEHMHIL

BoHlHe N 1.0 ng/mL FUEBREIFRER, BT
FUTCEAFAECL FCL IFP R 2R, 7E 3 TSk
A FiEsE MS2 SCAN H#HEES T, BRI WAL E] m/z
Sk 83 Fl1 85 PHANBH R M4 T 55 T4, 43Sl LA 83 Fn
85 14 Precursor lon(£:E-F ), £ Product Ion &=
TR RIS BT . T CL-O R g &
FUR T, 83(m/z) SR AR A sl 7 85 F: [°ClO,] .
[**C10]". [*°C1]7, 85(m/z) SR AR B T S Mg A= nlitie A
BT [Clo,] . ['ClO] .| [P'CIT, 99(m/z) 5 G4 FR AR
BRI E R [P°Cl0,] . [P°ClOo,] . [P°ClO] .
[>*C1]7, 101(m/z) = SR AR B8 T 24 A= il ik v 88 1
[’Cl0,] . [F’C1O,] . [F’CIO] . [TCI], #EF 8 T a4
R B2 ST fey L R RBEAIR T REAIR . 25 S BB EOT R MR 1Y
(R A, RIS R BB e M, B S 3RS
RIS, BENSAN R B M RIS . BAGoE B s
T4F 83.0/67.0 5 85.0/69.0 V&N SRR EL I T B T
X5 99.0/83.0 5 101.0/85.0 1 Jy i SR Eh r 2 M=
FXF. 4t B s b3R5 5L 1% Fragmentor
HLEIR CE HLJE, SR MRM (22 7 i Wil AR 4
B, e N Fe 41 e S R E R -, Tk
JEIBTIESEULER 1.

K1 ABME T AR T L AAR I PSS

Table 1 MS parameters of chlorate, perchlorate and their
internal standard
ey T TET MR iR

= (m/z) (m/z) (V) (eV)
e 83.0" 67.0° 94 25
RERET 85.0 69.0 80 25
s 99.0° 83.0" 136 30
AR 101.0 85.0 80 29
SRR T AR 89.0° 71.0° 80 25
R ARMRET AR 107.0° 89.0° 136 30

T OE R T

2.2 REUATIRIERE

SR AR 28 71 SRR AR B TR /K I PEAR B, [
BT R T - 2K 2N - 7K P AP PR HGGR], BTl
Tl 250 ABAESEE VLSRR, 2SOk
URZARIFRR I E W], 7 B ORI 22 5 B (2R
IRUTHE . X AT HESZ PRI Sy H Bt 85 FH B A DL RERCR 55
T ONE, BAVIESE AR S SR DTRE . A
FHAASE Al s, e S P A B, LAl B R
BRI AT BE S BRI R AE . RSP E R
R, ZIEXEE R TIGERE TR, S-S

FOEREGRT o WE—2E B8R Z B FIZK B EL ), 435I =
FIAREMATR L ZE K (11:9, 13:7, 15:5, V: V)i
FREGRF, SZB0aE R UL 2. S5 IRFH] = m SR
MRES TR B35 2551, SRR B T HR B
AR, 25 K(13:7, VI V) SR ES T [nlilk
SEA R, UG 2% K (13:7, Vi V),

22 AR SIS -/K S BUR AR AR 25 Fl s SR
i S N NI &S
Table 2 Recovery rates of chlorate, perchlorate and their
internal standard extracted with acetonitrile-water at different
volume ratios

(%)
Z MK - S
BV s SO g
11:9 45.71 84.65 98.20 94.21
13:7 103.04 105.47 102.27 102.47
15:5 83.97 90.79 104.89 103.17

2.3 [EHEZEBAERYIEE

XFHT C, g A1 PRIME HLB i [E A HORE:, 45
RRIAX T A RR T, BEICRIC R 3225, HX)
THEBRE TIN5, C g ISR 22, FLWR R H A5
PRiME HLB #J—2f4, 1 H. PRiME HLB /ME, JoH#7
WAk, BRAERTAE, BrLAEEC PRIME HLB /MEAE Sy [
FHZEBUIME . 934 PRIME HLB /NMEXT H AR 2
R, G —E RS R 2 S, Bk s
FRaE . S UIIRAESS 1. 2. 3 mL AL AT I
A, 5% 2 mL F15E 3 mL N {HICHH 225, 5% 1 mL
] 7 A U] B S /0, A FH B B SR AR 1 mL A9 TR
W, WAEE S5 228 TR o
24 BIERNEIEE

LA T 7K . G- 7K AR ShAH, LA
FUEETE | 2l g TE sl e B2 R ol I, 2 NG - 2K
B-7K o MM BB R TR, SR NG -7KVE R i shiAH, &1
BRHR S 7| o SR AR B K 35 A9 P AR B4 e by A
BIE PR EE-K 20% 247 . BYNELER T 2 NE-/K i sh
AP REME— 2D R SR AR B M s SR AR B T
FE, GSINHEE Y 20 mmol/L B, B8N iz 4% HERrY
AR B ISIN FR BREL 1Y 3 f52ed . i— %K%
FEYANFEIR BE RS2, BEZE £ PR ECHEE M 20 mmol/L
BAENNZE 100 mmol/L, HARY R AEIRZE AR,
TR EE BRI ETES, 13X A He S T S iRk 5 ik s %o B
R0 S FARRCR IR E R S8 . ARt
20 mmol/L ZFRE%-ZNENVE R shAH, IS T,
R R B T M v SR AR B 19 A% B B R) 430 Sl
1.2 1 2.5 min, 25 (FAEEBTINAR (SRR BT 40 pg/ke,
FEIRALES T 20 pg/kg) B EEE LA 1,
2.5 T{ethzk. KRUERFAEZR

Bic 1] 52 51 B BEVR A bR VS W, % ik
FAF EALNE S, L BT (y) SRR, B
WEVS AR B (x) R AR bR A E B, A5 22k M )T 7 R
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MRM (83.0> 67.0)
x10! 1201

7.5 [\
7.0 A fo
6.5 ‘ i
6.0 |

5.5

5.0 p / / \
45—

I T T I T
1.0 1.1 1.2 1.3 1.4

LR EA s E] (min)

VAL

MRM (89.0"> 71.0)
1.200

x10! | A
/“\

4.85-] \
4.80- / \
IE 475-  EREENBR '|I
425 470~ / \
465 A
ol LJ\
455 PR
4507 T T T T T
10 11 12 13 14
PR FARF ] (min)
MRM (99.0> 83.0)
x10° 2.515
1.2
o 0 PR
= 0.8
£ 0.6+
0.4- )
0.2 A\
0.0 T -

: : i : i
23 24 25 26 27
LREZIFA] (min)

MRM (107.0> 89.0)
x10% - 2.598

4.0+
3.5+
3.0-
2.5
2.0+
1.5 /
1.0+
0.5+ <

g
&
=3
B

it |

M) 17 {1

I [

23 24 25 26 27
PREABFE] (min)

S Ay = B 951y 1 A = S Rk |

Fig.1 Chromatograms of a blank matrix spiked sample

25 ARE S TP ERINR SRS, DE B FIE L
(S/N) RT3 M BE R I IR, DLEE & FEkRLL
(S/N)KF 10 B E F IR . SR AR B FF s 4
PRAR B FBULRTEYO e ZR T RR . s BB B R
KoE PR AN 3 Fras . a5, SRR & A
SRR B THEAS AR N R DG 3R AT, K6 R
IS, IR RPUER .

3 AR TR AR B T LM ek T
i PRE AR G PR E R R

Table 3 Linear range, linear equation, determination coefficient,

detection limit and quantitative limit of chlorate and

perchlorate
Lk PERE KBHBR EER
A 2B b
featn (ng/mL) BRI (R?) (ng/kg)  (pgkg)
AT 2~200.0 y=g.(1)ég}%x+ 0.9983 0.6 2.0
EARRE T 1~100.0 y:g'?g‘l‘;gg” 09998 03 1.0

2.6  INAREIERFEZE

Sy AR XGRS Py 3 FhIL)Tias FURE A, TS
Jin 4 BN BERY, 453 sk 43 5 6 ik
SPATEEYS . ST AU SEEG T IR TAATIIRE, TR a]
SCEFIAR R BRI 22 RSD M3 45 N 4 s .
ZER IR, TE 4 DIbR/KE R, 2 B HARITE 3 Fidk
JB AP S 28 [BLCRTE 91.0%~110.5% 22 18], RSD TE
0.7%~9.7% =[], FEUH Ty B i sy, BB M4, 36
JFHTIM 2 PR v i SRR ER AT e SRR, W 2 H R
FrFE K

R4 IR EIR (n=6)

Table 4 Spiked recoveries of meat samples (n=6)

R R
Fal pkpvks PRI RSD  ARME PR RSD

(ngkg)  WER%) (%) (ngkg)  WCE%) (%)

HR 6.0 91.0 8.0 3.0 98.3 49
20 98.3 1.9 10 99.3 2.1

40 96.0 3.0 20 106.0 0.7

200 105.7 1.8 100 106.9 0.9

PET 6.0 96.1 7.1 3.0 102.2 9.4
20 96.4 6.8 10 94.6 5.0

40 95.6 43 20 96.7 1.6

200 101.4 3.1 100 94.2 1.5

5 PRy 6.0 97.7 9.7 3.0 94.9 7.4
20 91.3 52 10 1105 4.9

40 96.5 53 20 108.9 29

200 101.1 33 100 104.7 12

2.7 SRR

SRH ST BT DU RE 30 Uy IR ZEEE S, 435 h
12 555 10 By AL 8 WS PIAE &, BHPERE S (o
E UL 2, Kedllgh SR o SIRERAS H 32k 20.0%,
R FPRERAKE A 16.6% . Hidr, A BIIEIA L XS
P PR SR £ - 2 5 &= 43 B D 9.75. 62.63 Fi
42.11 pg/kg; S BERERF- Y B8 405 2.83. 23.43
1 1.74 ng/kg. K g5 R XL GB 5749-2006 4 1
IR AR T A B v Y FRRE Bk FH 7K A G 18 5 19 BRAE
0.7 mg/L, RRUE R ATHRFEAK IR A i i SR ER i BRE R
#E 0.05 mg/kg, ASSEHGAY H XS P i R SRR ER A S8R
EEEAME, A —E R, PR iR th el s A
RERER ISR T B & HE R A POK e SR
SR s YL AT HE

5B
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MRM (83.0> 67.0)

x10! | 1.207
7.5- [ \
| |
T am |
& 65 o
.E‘ ‘\ ‘,‘
= 6.0+ \
5.5
5.0-
45 f~— 4 T
T T T T T
10 1.1 12 13 14
LRERRFA] (min)
MRM (99.0> 83.0)
x10% 2.525
1.0
o 0.8 T R R
Z 6
0.4
0.2 / \
0.04
23 24 25 26 27
PR FARF ] (min)
MRM (89.0> 71.0)
10" | 1215
4.80+ |
4754 ey \
moago] AMEAR
= |
jg 4,654
4.60+
45500 a4 o
450 -
T T T T
10 L1 12 13 14
LREA TR (min)
MRM (107.0~> 89.0)
x10? 2.524
4.0
3.5 \
3.01 mAmEAE [ |
E 25 [ \
52 / u
E 2.0 /
1.5
1.0+
0.5

T

23 24 25 26 27
PREABFE] (min)
&2 BHEARE S k]

Fig.2 Chromatograms of a positive sample

3 i

A% SC e P v 0 SRR RS SRR, 38 g
RS AL, G SRR, AP 4R H
AR AR AL U INRE RO PESE, 7 T R AR (033 -
I S 3 [ 00 5 DAL ) 286 v S I 5 A 72 S R
FREARLI T . JT B 20 mmol/L Z.akk- 2R
S ENAH, FIAS SR IRAR K 7o SR AR (4 (0§50 43 5 5

&, B YIAE 3 min g, HIERIZSEIXIRR. &

i 7K (13:7, V: VOVE SRR BGRTHE IS SR AR 2
SR AR B iy SR 53 501 2 103.04% F1102.27%,
HEAIRDUESE A, Ja S G ZRUIE 4, b A Kt
FESHAL RN AR . AS T IRV ERT B, [RI 28 NARRE
(RIS, Tk S BRI ok 5 B A R AU
1R, S MERG . AT AR, BRI E PR IS SR B AN v R
ERry B EASIN AR, S5 S Tl AR R 15
KA

52 30k
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