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BRI E
T

AN
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kB

LN T

("R RE AT AL RBEREE 066004 5 2T 04 12 T B A A I E N SR
Wb FEE 066004; > FAGTGIE G000, WAL, B R 066004)

OB AESAAERE L EM ZBUE SN HE A B & AR &0 Pk w2 Fe 5 Ay ik KB RAR
B AT B2 3R BLK] £ B AR S R AEF WAX B A8 3 B AT AL 284G ) F KR W M JE B (GHP ) i 3%
% Phenyl-Hexyl &4 5 & AR 5 & F R (ESI) &£ % 5w m (MRM) i & FAEX Tl 23 &5+
SRR, REAV E RN A 12 min, B RAE ZRS A A 0.15 pg L' A2 0.5 pg-L7,
F£1.2.5.10 220 g+ L' KTt A A @D F AT 94. 5% ~ 105% 218, A3 47 A4 £ (RSD) AN F 3. 17%
GH RN AL TARABRLE TS LR R TRV — R R LI

4. M 5 AR AN &3 - B BB (UPLC-MS/MS) ; S48 3, # 58
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AR — A OIS 5 e W, Rl i B 3L
mEF PRIl P RwiEw 25", Xx2hmTF
C1O,~ F T ~ 254025400, AT ASE e P4 il IR BT 189
W R R AR S E AR B N T E T
Tl 5 Talb A=) HAE T 5 b X ) 4 398 P ok Hh e
o TR X, S AR o B B T R X
A SR s U R A AT et F 2 E R R
A RER S H A BT T HLE, 2014 FRREH &
w4 SRy il E E E R A B AZ AR 0.3
kg

H A AN AE e R R 5 R ik R B R 4y
EIEREE B T A - TR R RO (3 -
P8 H R A K A R A5 L B b R I B 5 A
Z 170 A ST 8 > . Houssain 25 15 R
FHES 0 AR DR i R o3 b A 2 TG v v R AR
B 2R R B T B R S TN RE £ A
TP e SRR AR (1) 4B 7 v A L3R Ty ik AU 531G
ARMENE R UE S b py BRI K, B g
TR0 R A L RE i X TR A%EE S, B R
THeM ek L BRI, SN/T 4089-2015"" £ 37.

s B HA:2019-06-06 #EZ HHE:2019-10-16

T e R ER I R A VRRE €3 — AR I BTG 12, (H b 1
TP R R AL 5 A A T, LT vk B X B AN TS
B9 R A o R A R RS
K FH E AR A B (solid phase extraction, SPE) Fi AR EBE T
PO b 28 O R Ry TR T B S A
AU I RESR ] SPE B X8R S E A T RTAL IR, A 2K
Ul T RE SRR T G

AR 2 IR INAT 0 e T v v SRR ER A I A AH S
FERE R S5 A 1 A A s SR R
TG YL BRI g AR A A 2 R AR AN Clo;
i P BTl ok K M B VS DB B ( hydrophilic
polypropylene filter, GHP ) Fl1 WAX [& AH %< B AL X} 4 45
A A EA T BR 2T B AR L BT T 4I0 , FFRe L oo AR
o ik — BB g i 3% (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/
MS) BEA AN 2 | LSS 3 S GRE vg | i h EORTOE A:
TN T L | B R M AR ARG D 12, Ay A 2 A 7 Al
ARG HE A TR T THR BEEOR S8
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1 MR5AE

L1 ##5iH

21 FpFLLA AT T T, W B 2R R
X )BT SRR AR UHE S (NaClo, , 4l >98%) |
EAREL 0 ARdE S (NaCl® 0, 4l >97%) , 3 [
Sigma A F) s R | F I (%4l |, b [ SR A A
L2 E5RE

Nexera 30A # 5 ROBAH L35, H A 5 38 )
SCIEX QTRAP 4500 — % DU FF BT %X , 5% [ Applied
Biosystems 7\ ) ; Vortex Genie2T % i€ 12 2] #%, &
Scientific Industries 23 H) ; Million-Q 1Q 7000 #4 4fi /K £
4t , 75 Millipore 23] 5 C o (354 (150 mmx2. 1 mm,3
pm) Phenyl-Hexyl i (150 mmx2. 1 mm,3 pm) |
C s FEARFE BUAE (500 mg -3 mL™")  WAX [ AH & BUH:
(60 mg-3 mL™") GEAKPERWNEIEN(0.20 pm) JE Tk
66 UEME (0.22 pm) S R BEUE I (0. 22 pm) , SE[H
Waters A7) .
1.3 REHE
1.3.1 ks 2 5IECH 1 mg-mL™ A9 NaClO, Al
0.5 mg-mL™'NaCl"® O, WHRHRHERE W, T 4°C RAF %%
FH AR R0 75 2 25 B8 oK B R BEAR At 25U, T
Tl S 2 B Y AR

P 0. 19% HV i B4 P s T ) 7 2 Y0 R 2 O, L
PR K =10:9(v:v),

H 150 mL ZBEAN 3 g AR 1| L A,
FHZEBTIKESRS 32 AR BT

1.3.2 &#ESEEGEFE RKLKEX C M
Phenyl-Hexyl 2 (335 44 % g S8R £6 1) f B3 OR 2R 17
oA, e IR B RCR I AR B (1 AT, o € (3 AR 1Y
TR R /bt B ot B 5 1 JBE , Phenyl-Hexyl {8335 4%
ATy e SRR ML

FHXF GHP Je e 66 KEREEIN 3 Fhig iRt 1T gk,
T8 5 % e SRR R 3 o 8 f v A I B B 1k 2 B A
o
1.3.3 H&HsE  MEFHS. 0 mL PHEE 25 mL
ROIGEOCE DA S0 wL AR TARR IR BER & 2 ~
3 min, FFEHl . BRHAEIAE S WAX AR AE O (42
i 6.0 mL A 6.0 mL K& L) , KK T 5.0 mL
KNS5, 0 mL HEEHRGE I, ZJA H 6.0 mL 10%%4
KB BE I , AR TS 1.0 mL a2 28 R (A 4 P A
PEBOR ) B, 4 GHP UERRS IR 5 HERE
1.3.4 A A% @&k, A% 4 Phenyl-Hexyl
3R (150 mmx2. 1 mm, 3.5 pm) ; #FFEER .5 pL;
i :30°C s W BNAH A+ 5% H B (& 1% PR 5 T s
B: 19 H R VB, T < 0. 2 mL - min™" 5 PR FR T .0
~2 min 50% B,2~8 min 80% B,8~10 min 50% B, 10
~12 min 40% B;ﬁﬂﬂ]}ﬁ%;?} min B,8.5 min A,

J% 5% 0 BT 8 7 U5 ESTTHL 38 450 =X K ) O
. £ & MW W W ( multiple reaction monitoring,
MRM);EEHE“;’%’EEE:A‘ 000 V;gﬂﬁ/—:\}jﬁiﬁ:o-5
MPa; S A LR J1:0.35 MPa; 4l Bh <R 5. 0.7
MPa; 5B SR E . 550°C ; Ml = W OB K. 13 V;
TEMEBS TR E R TR OR B IR | 25 A L R Al
e LR 1,

®1 RESH

Table 1 Parameters of mass spectra

oy Rl ) FE B TR LR B ) [ ER NS flf 43 < RE i
c " d Monitoring ion Quantitative ion Retention time De-clustered Collision gas
empott pair/(m/z) pait/ (m/z) /min voltage (DP) /V energy(CE)/eV
AR EN 98.8/82. 8 98.8/82. 8 4.99 -45 -36
aCl
NaClo, 100. 8/84. 8 -45 -36
NaCl'®0, P#% 106.9/88. 8 106.9/88. 8 4.98 -45 -37
Internal standard of NaClmO4 106. 9/70. 9 —45 ~56

1.4 HEHH

K1 SCIEX QTRAP 4500 = PUMLAT B gAY [ 4
Analyst 1.5 4l b 38 2 G2 53 B £cHl, JF 48 Excel
2016 FAFHIA

2 ZEREHSH

2.1 FEFHRMmE
CLA FL RS P TR AFAES CL 57 CL P ] o 3
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34 %

E

RAE A5 NaClo, 7653 b H B 2 Fh s 50K ]
(B L FE 1. 3.3 4500 F Rl S L bR 5 Y
REBS R MS2 B, HRE B F0 DLIR 1, A be Ry

3.0X10°r NaClO, 98.8
25X 10°F
2.0X10%F
1.5X10°F

1.0X10°F

Wi N 4f Intensity,cps

0.5X10°+

| Y

A‘A..A.,. sl

0.0 L
50 60 70 80 90 100 110120 130 140150

98. 8 HYES T Fr Bt Na®ClO, , i fif Fe i 100. 8 1551
B Na¥ ClO, , B4 B A0 A0 B 5T 3% 5 880, 15 MS2
EI(E2.3),

35X10°7 NaCIMO,

3.0X10°r
2.5X10°r

106.9

2.0X10°F
1.5X10°F
1.0X10°F
0.5X10°+

0.0
50 60 70 80 90 100 110120 130 140150

Ji gt m/z JEfFEE m/z
1 BEFRIEE
Fig.1 Proton ion mass spectrum
70X10°F Na}sclo4 828 3.0X10° - Na37C104
, 60x10°F 25X 105 84.8
j=%
z 50X105F 20%10°
£ 40x10°%
E . 15X 105}
@ 30X 08.8 1008
3 S i 1.0X105- :
g 20x10°%
1.0X 1051 0.5% 104}
00 by ol 0.0 A
50 60 70 80 90 100 110120 130 140 150 50 60 70 80 90 100 110120 130 140 150
B m/z R m/z
B2 SREREH MS2 FEE
Fig.2 Secondary mass spectrum of perchlorate
s0x10y " FE 2 P B D o 1 4 0 8 A7 K 19 0
3:3X10° AEE B DRI A 4 5 i 28 % B Phenyl-Hexyl
2.3.0X10° 6 A
Z25%10° TR
g 20x10f 2.3 IREEMIERE
E"SX]OS' 106.9 AN TR A J5T 11 08 B X v S TR R W R AR B A A 2
g 0 S fiE 6 mI A, Clo, T 7E R Tk 66 W MR 1 B
50X 10 70.9 N .
A e I R S, 191 0. 9% , T 2 Bk L0 JBE 1 4 € Oy
50 60 70 80 90 100 110120 130 140 150 NS N —
it miz 90% , 77K GHP UEREA RIS h 98% , [Alif 27K GHP

B3 MiriE) MS2 FRiLE

Fig.3 Secondary mass spectrum of internal standard

2.2 BIEKEGRIEE

A B ROR B4 ) ] AR I X C g g AT
yi| Phenyl-Hexyl o R AR B SR R AT L X , K
GURRARTE €y (0 34k b 6 o 75 50 47 20 €6 3 0 (
5), Mi#E Phenyl-Hexyl &35 FE I WA 2 47 i O/ B2 %L
(I 4) R T ClO; M b B T C
A BTFE ) R AE B W R . Phenyl-Hexyl (3

DR HATICTEE A A R REOL B SR B4 SF I A
1) SR B 2 HEH] GHP JEJR
2.4 RIREFXANERE

IR ATRETHBRAR A TP T UEI A R R SRR IR
A B . AIREGHERE C BARREEE 2 F1 WAX [#
FHACIORE " HEA TR S AR ST 5 R A HERE LA

H P& 7 TR AR S A o (0 ] 0 R A | 2k
1, SEIET I R (7-A) 53 C g A AL IO 5 R G A
AL FEBGE /N EICHTR 225 (7-B) 5 id WAX [EAH
RCIPURE Y 4 R €0 38 P BE 2 A1, e Y G | R JB0 5 ) /)
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45X10°

L5X10° - NaClO,
499
12X105 F
9.0X10° -
6.0X105 -
3.0X10° L
I I S
Y001 2 3 45 6 7 8 9 10

FF /] Time/min

B 4 33 Phenyl-Hexyl & iSiEptEm & iL

Fig.4 Sample chromatogram of Phenyl-Hexyl column

[ Na*ClO,
4.99

» 36X10°L

53

2

G 27x10°)

L

k|

 18X10°

-l

9.0X 10} L
OO 1 1 —J T )
0 I 2 3 4 5 6 7 8 9 10
8.0X 104
& 6.0X104F
B
4
E 40X104f
5
g 20X10°
00 L n i T L ]
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fif 8] Time/min

Bs5 @ C,BiEFnERaiLE

Fig.5 Sample chromatogram of C,; column

(7-C), H5HAT A, WAX [ A A& BOR: 76 53 5
TP AT BARfb & P EAT & 4, 3 5 R 0 1)
K e 1, 3 2 i T WAX [ A 25 BUH: A 0RO IR &
TR 5553 B 1 1 sS4 B 50, o i R L T B Ak B B
B A e WAX AR AR B
SRy A B [ A A BRURE
2.5 HEFWIE

FE IR ST, 4 FH 2 11 5 o o v R
1.2.5.10.20 pg-L ™' NaClO, FrifEs M E Hy 2.5

ﬁ
IS =N % S
(=} o (=} (=]
1 1 1

NaClO,[F## NaClO, recovery rate/%
13
(=}
1

[}
|

Je 66 FEEN
214 Groups

B 6 3FAREMRIRENSSBHNEKE
Fig.6 Recovery rate of perchlorate by three different

ESuid /KGHP

filter membranes

I 5 I MRBERR EE Y 25 AR i BR MR (B F 2, AR
TE 3 ijéﬂﬁ'% FEAT 3 A0 BR, 10 A5 15 e L 53 vk
R, AT ENT5 % MR 94. 5% ~ 105% , AR
19]?{@%%( relative standard deviation, RSD) A 0. 94% ~
3.17%(£2.3)
2.6 SEBRFEmIQT
I 4 T, 21 A SOOI AR il P oA 7 A

gL' HY NaCl™ O, IWHRARIE TARWCFAT 10 YOS A Kt Clo; K R 33.33%, i RE s g 3 41kt
6X10°r A 35X10°7 45%105; ¢
. | 499 98.9/82.9 499 989/829 499 98.9/82.9
g Sx10t 28X 10°} 3.6X10°]
? xior 21X 105} 27%105}
g 3x10tf
,& 2% 101} 14X10° 18X 105
= w0l 7.0x10°} 9.0X10°}
0.0 0.0 0.0

012345678 910

0123456789]0
FF /] Time/min

Y0123 4567 80910

AR B Cog BAHZEIGH: ; C. WAX FAHZEEE.
Note: A: None. B: Cg solid phase extraction column. C; WAX solid phase extraction column.
7 AEEBEEEREHEGETHERBIEE

Fig.7 Sample chromatograms under different solid phase extraction column
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Table 2 Methodological Validation
Bl 77 7% e 2 Eayen ] K B A R
Regression equation Linear range/ ( ug-L™") Detection limit/ (ug-L™") Quantitation limit/ (pug-L™")
FeREE Y=0.283X+0. 097 0.999 8 0.5 ~ 500 0.15 0.50
NaClO,
*3 AHBEPSEHREMREUZER RSD (n=10)
Table 3 Scaling recovery and RSD of Perchlorate in wine (r=10)
IR Add level/ (pg-L7™")
) 1 2 5 10 20
75
Serial number Mz (E I i 5 e =R MEE & I & I gz
Measured Recovery Measured Recovery Measured Recovery Measured Recovery Measured Recovery
value rate/ % value rate/ % value rate/ % value rate/ % value rate/ %
1 0. 945 9.5 1. 920 96.0 5.000 100. 0 9.720 97.2 19. 400 97.0
2 1. 000 100. 0 1.930 96.5 4.810 96.2 9.610 96. 1 19. 700 98.5
3 0.952 95.2 1. 950 97.5 5.000 100. 0 9. 540 95.4 19. 600 98.0
4 1. 050 105.0 2.000 100. 0 4. 840 96. 8 9. 960 99.6 19. 200 96.0
5 0. 968 96. 8 2.030 101.5 4.950 99.0 9. 860 98.6 19. 500 97.5
6 0.997 99.7 1. 950 97.5 4. 940 98.8 9. 960 99.6 19. 400 97.0
7 0.976 97.6 2.000 100. 0 4.980 99. 6 9. 900 99.0 19. 800 99.0
8 0.979 97.9 1. 950 97.5 5.040 100. 8 10. 100 101.0 19. 700 98.5
9 0.973 97.3 1.920 96.0 4.910 98.2 9.770 99.7 19. 600 98.0
10 1. 030 103.0 1. 960 98.0 4. 890 97.8 9. 820 98.2 19. 700 98. 4
AR R R 22
RSD/% 3.17 1.90 1.50 1.73 0.94
®4 FHEBEERGT
Table 4 Wine sample testing
B i 5 e (E B i 5 MEE e TR € B
Sample serial Measured value Sample serial Measured value Sample serial Measured value
number /(gL number /(g L") number /(pg-L7")
1 - 8 - 15 -
2 - 9 - 16 0. 65
3 16. 65 10 8.97 17 -
4 - 11 - 18 0.56
5 10. 65 12 - 19 -
6 - 13 3.58 20 0. 60
7 - 14 - 21 -
=" FORARMG
Note: ‘=’ indicates no detected.
it E AR N T 1 g - L7, 3 AR R AR
WA 1~ 15 pg - L7V 2Z A, 1 4k 5 & & oh 16,65 3 iﬂ'i/e
pe-L7', i 2009 4 € [ R PR B (united states
environmental protection agency, US EPA) HE I8 11k FH e
’ ARHIGE L R (T GHP I B AR ff X 3 4

IKHTIS g L7 B R R R B
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PR P W R /1 SR T T 088 IS 0 v SR k118 WO £
FHEL GHP JEE5E 17 JE I8 66 U8 BT 55 SR £k 4 nl i
HAN 0.9% . X T ESE H T GHP UERERY KL
HCAT LATR] I I 7 W A0 LI W A 2ok a8 T ) 2 34
7B K R TR G R TR GHIP AR — {1 ff
JE, AT LARS 1k HAR 5B AR R SR 25 5 (A5 e R R
BT AT DR S 3@k GHP U8, T SR Ik R 8 1Ak 27
FEASTE L GHP B 22 | PR IHORT T 4 PG 55 B> 10, % s
FMRELRI IR L GHP IR, JE T 66 UEMEXS i SR EL
F R AR 5 SR W B 5 ) D e TR 3 s I
2 5 3% 7 R (high performance liquid chromatography
tandem mass spectrometry, HPLC-US/MS) Il 22 7K 5
i AR AT RAAT , K 100% . ©HIJEJE 66 &
AR O SR E B E T, IR 2 TR et
ClO; H A 1R 5% 14 W B4

FN AT R i Ak 2 A XoF 31 A 2 B B 2 % 4%
SR R g TR AR R v T SRR R i 1Y
JPERZ P B C ke FURR 2 B B OB b 1 2 A
R FHETIYII, AP R B WAX HEAE7r B T
Py Al BRI & W dEAT o 4 , 1 i 0 15 00 4 f) A
BT, S i O i FH HPLC-MS ARG I e 2 v i 4
PRER AU LS AR TR, 3 F] RE 2 T WAX HE p S0R R TR
G 155 BB - 22 4 B R X e A A (1 B B
A EIEREPE R R B, 1 C HEIHRY =5 TS
A BCAR ( — F /Bl fek e ) FAS LD e JE (i 66 )
TURE X R ARAR M oA Ft 3 ) I B R 4 T R e e
A IR A A MB AR T, 5 A 0 b s ) 0 RS 770 A4 EE
BE5E TR S YRR B D WAX AERCR BELF
ASBESEAORT 2 T A ZEBORE A RICR BEAT T LA, WAX
e N F AR AL AT 5 2 — 2D 5T

FERT A 5 F HPLC - MS 6 I 5 S0 BR £h (4 BF 52
Ha LS 10200 X AL Y SRR ORI S — AR, AR
AT L 2 Fh AL A7 B RCR KB, € FEXS 1 SR
ER A B8 R R I AR T Phenyl-Hexyl #, #E33x 7] E
JEMT ClO, AP A AR, 1M C A B o AR AR )
JRE X5 N BT A5 SR AL, B4R Phenyl-
Hexyl A4 B0 16 53 25 B R0 = 91 (0 TR A B 52 v L
BXMEAR , Phenyl-Hexyl N UPLC-MS 7R
AR OB T IRADIE

ZEA A0 S R X 4 2 A TR
ARG, RS H C1O; , Takatsuki %5507 F1] FH 85 1 (3,33 £
WK G SR AR OS H A 4 T A DN, R B A I 3 e
AR TS YR D s A7 A, AT T [ N Sh
AP HEA TSI A5 3 = SR ER POAG T AN 33.33% K&

HH 2T v SRR S AE 0,56 ~ 16,65 pg - L7 2 1]
R E TR US EPA BUE (1948 4 e B FRAE, A1 okt e
ARV A T T B A 2 T R AT A R O T W

fi
4 i

AIREG R ] UPLC-MS/MS $5 A #5771l 72 i 25
T v SR R 8 R R B A A D s a2 A
TGS AR PSR I A5 58 I 2445 31 UPLC-
MS/MS J5 8k i HBR K 0. 15 pg- L7, EHEBR K 0.5
pg - L7 AR IR AT 94. 5% ~ 105% 2 [4] , 12K
TrEARAE TR R = SRR . 5 e
S B R D 5 TE A T3k T LA il A 2 G e R
= B N S v = e 1
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Determination of Perchlorate in Wine by SPE-UPLC-MS/MS

WANG Shengyi'>?  WEN Haosong'>®  WANG Fei'>®  YANG Zhiwei'>”’

QI Pengyu"** ZHANG Jinjie"*® ZHANG Ang"*>*
(' Qinhuangdao Customs Technical Center, Qinhuangdao, Hebei 066004 ; >Hebei Key Laboratory of Wine Quality and Safety Testing,
Qinghuangdao, Hebei 066004 ; > Qinhuangdao Key Testing Laboratory of Wine, Qinhuangdao, Hebei 066004 )

Abstract;In order to establish a rapid analysis method for perchlorate in wines with simple pretreatment, accurate
quantification and high sensitivity, wine samples were extracted with acidified methanol solution, purified by WAX solid
phase extraction column, filtered by hydrophilic polypropylene membrane ( GHP) , separated by Phenyl-Hexyl column,
electrospray ion source in multiple reaction monitoring and detection in negative ion mode to determine perchlorate in
wine. The results showed that the detection time was 12 min, the detection limit and limit of quantitation were 0. 15
pg-L™" and 0.5 pg-L™", respectively. The recoveries at spikes of 1, 2, 5, 10 and 20 wg-L™" ranged from 94. 5% to
105% with the relative standard deviation (RSD) less than 3. 17%. The establishment of this method can provide some
technical support for the testing of wine producers and relevant regulatory authorities.

Keywords : ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) , perchlorate, wine



