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W OE: BRSO - TR D A 6 Rl EE SRR LR K | A S A A IR A
il P B AR A A k. B REERSELL 0.5 mol/L HCLIZ M ERAL 5 min, FFLA 10 mL F#-0.5 mol/L
HCI(L:1, V: PR HEI 10 min, 85T 80 °CAKMAH{RI} 30 min, $EEURAAI/E T 5000 r/min B0 5 min, B
B RGE 0.22 um BIUERE, HAE EALIE . LI 20 mmol/L W RE% (pH=3)-Z % M shHl, 236K it
(hydrophilic interaction liquid chromatography, HILIC)#E47 43 J5 iE 4 148 i SRR i - = B DU AT ER IR ST 1% &2
B WA A B, AR TE E . EER A REAG AR B B (limits of detection, LOD) ., & f FR (limits of
quantitation, LOQ)43%/°~ 2.0, 7.0 pg/kg, ®YE R LOD, LOQ 435k 1.5, 8.0 ng/kg, #2571 8 FiA[RIRE S,
R BTN, e R RAE T RGBT RN B0, e B AR R ME M A T BERCGE . 7E 10, 50,
100 pg/kg 3 AV AT A INAR BIGREE B INAS, H AL RIS 74.6%~120.2%, HHXTAR M R 22 (relative
standard deviation, RSD) 0.9%~11.7%; F{E AR EIFE Sy 76.6%~124.9%, RSD Hy 2.0%~12.1%. i %Jr
PARAERT AR, Do o DL bR AL BT DU IC 2 5, S RER, 38 T TR SR SR R b o R A AR R R Y
BRI ioalll 8
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Determination of paraquat and diquat in vegetables and fruits by ultra
performance liquid chromatography tandem mass spectrometry
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(Technology Center of Changsha Customs, Hunan Key Laboratory of Food Safety Science & Technology,
Changsha 410004, China)

ABSTRACT: Objective To establish a rapid method for the determination of paraquat and diquat in 6 kinds of
vegetables and fruits and other plant origin foodstuffs such as corn and lentinusedodes by ultra performance liquid
chromatography tandem mass spectrometry (UPLC-MS/MS). Methods The samples were soaked in 0.5 mol/L HC1
for 5 min, then 10 mL MeOH-0.5 mol/L HCI (1:1, V:V) was added as extraction solvent, and shaken for 10 minutes.
The sample tubes were heated in a water bath at 80 °C for 15 min. The sample tubes were cooled to room temperature

and centrifuged at 5000 r/min for 5 min. At last, the supernatant was directly injected and analyzed by UPLC-MS/MS
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after filtered through a 0.22 ym membrane. Gradient elution was performed by using acetonitrile and 20 mmol/L
ammonium formate (pH=3) as mobile phase. The mass spectrometric acquisition was carried out by means of
multiple reaction monitoring (MRM) after separated by hydrophilic interaction liquid chromatography (HILIC)
column. The method was quantified by internal standard method. Results The limits of detection (LOD) and limits
of quantitation (LOQ) for the paraquat were 2.0 and 7.0 pg/kg, respectively. The LOD and LOQ of diquat were 1.5
and 8.0 pg/kg, respectively. The matrix effects of 8 different samples were investigated, among which diquat had
stronger matrix effects in green grocery and celery, which needed to be quantified by matrix standard curve. At 3
concentration levels of 10, 50 and 100 g/kg, the recovery of paraquat was 74.6%~120.2%, and the relative standard
deviation (RSD) was 0.9%~11.7%; the recovery of diquat was 76.6%~124.9%, and the RSD was 2.0%~12.1%.
Conclusion This method is simple and fast and the results are accurate, which is suitable for the determination of

paraquat and diquat in a large number of vegetable and fruit samples.

KEY WORDS: ultra performance liquid chromatography tandem mass spectrometry; paraquat; diquat; vegetables;

fruits
| TE 96.1%~104.0%:2 [, Jrikts B4 0.03 pg/mL, Danezis
1 31 &

A EAE IR R BRI NE R T3, B TR, i
B PR b g R AR BUBR RIS, WA RORIE— R 24
A, FLJGHR 24U, T RO X sl A K ) a1
BOR, EACE A R AR A R O IRR B A A EOE Y
SEPIRIEN T B SRR P A R A B sk R BR
A 0.01~0.2 mg/kg, HE R KK R AN 0.01~
0.1 mg/ke®. HEAHMELH IS ET K, A5ETANE
A, ERRIEFI PR RS E, BA R R, BT
TSR 7y 32 2B SRy VRO €0 % BB €23 B PR,
PR AE €855 - TS Ik R AT R R R R, ok
1 22 A5 0 TR IR A AL 8 23 B A o

% K 4 3% (hydrophilic interaction  liquid
chromatography, HILIC)/&— it i 3l e 38 78 S AH 6 1% R 84
BIZER R B OR B AT A ISR . HILIC 7] ik
PEFIRE SRR AL & IR A PR ER, 7T LUA SR 2
JRASONE, T AR R T A e R AN HA, RKEE
ZHT DA R P (9 28 vhER AR R T g AH, (EL e R It Sl A 1 2R
T oy 3 SRR I E o A AU T RV BE SR AR
TLANAR, SEIE R pHAE, B T A FORFIECE TR 43 i
JBRACR o BB RS RIS DR A S BOT 2O AR [T R SR,
T EAE IR, BRAE B, T HAER, — 2
12 h PLEUSS) SCiifdi i v 25K RO AR B . ZELR AR AR
HSCRI 4 5 11 AR A B3 0 AT B O, 3 ok 2 B ) 24k
FELR A AE US55 A Ko Pizzutti SRR AL A Y -
KRR AREGA, W 7SS i E A FSCE AR, RS
SRR AT DL RE I E, JOH [ AR AR ICAF A P BR
T A AU R LI A K AR ORI, o SRR A
THSE. TRAL. K% 5 b i | Ba & A, iR

FUSIL 1% R R P P VR R BB £ PP A T A TR B,
PRI B8 AT DA B4 LA 68315 BT 150 7 . Chamkasem
1) 15 mL EE-0.1 mol/LHCI(1:1, V:WENIRBGA, 4R
JG % 80 °CHH I 15 min, I i ¥ 1f HLB(hydrophilic
lipophilic balanced)t: J& Fi LA = 20 AH (2,13 - B8 Bk BT i T
WITEIGE T DR e A IR &, IR
87%~106%

25 FRTIR, B AR Y A A S I i Ty i
W R RN ZEAR XS B0, i Ak B DA I AR A HCHEA T A Y
ERVERIE A, Lhss SOOI 5 F G s R AH X e o
B I 00 8t v 0 A AR P e A R A R,
UNRROREEEESHI PSS/ B NS U A € Y5 AR TN )
KUEWMBOREZE . S 1L 2R S ACR A RAG . B
PR T BRDR R AG I, AR AUF 5 40 R P e AR 3 - R I
J5i 3% ¥ (ultra  performance liquid chromatography tandem
mass spectrometry, UPLC-MS/MS), A H l5-£h iR /K i R
PRIGR, DL FUARVR BE ER A HILIC RS AE Y i sl Al 1A &R,
WE 6 FhBk R FIACR L B K . T alh S5 HAAE D IR AL
B AN EORS BERE, DU R B SR KR B A AR )
PR St RO PR B B W DU SR AR AR A

2 MRERE

21 UESEHF

1290 LC, G6490 MS A i 2L T AH 235 - = T PUAR AT AR
1B 5 (35 [E) Agilent 23 F); Universal 320R {5 8 85,0 L (7% [
Hettich A w]); #4i/K{(3E E Millipore A 7]); SA300 #&%;
#(HA Yamato A w]); /KA 5R (1057 i B2 7 # bAT B
NI

Wz, CIE(EREsl, 8 Merck AH]); HERE . H
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(e, £E ACS KA H]); FmRWLHal, 1H254:H
fb 0k R A B A R, B OROA (4 99%, 1
Dr.S.Ehernstorfer 72 F] ); & R PR (401 B 99.5%, 1l
Dr.S.Ehernstorfer 2% @ ); A B A W A8 (@ E A -dS,
0.1 mg/mL, dtET & w]) . LL 0.1 mol/L £h BRI i il
R EE A 1000 mg/L MIBRUERE R PA BRI I LA Y I
B AR R, PIARAYINA LA 20 ng/mL.

20 mmol/L ) H iR %k (pH=3)IF: FRIL 1.26 ¢ FBR4%,
FH 800 mL /K ¥, LARRRTRT M pH=3, FI/KEHZ 1L,
FEAMRAIE T 0.22 pm B4

20 mmol/L {1 F iR &% (pH=8)¥& ii: FREL 1.26 g FF R %%,
FH 800 mL /K ¥, LAZUKIETT I pH=8, FI/KEHZ 1L,
FEAMR AT E I 0.22 um JEREAS .

AMFFE LG T B SRR . R T B
T AR, PUEAEL I ROk B S AR TR A i 2
Y b T 7 W A
22 LWHE
22,1 HsETa

FEG M AR, RS, RIS ¢ BT
50 mL .0 S, WA NS 300 ng, JIA 0.5 mol/L HCI
BH 5 mL, BHERS 5 min, JTA 10 mL ZEBGH (B
-0.5 mol/L HCI=1:1, V:¥), PRZHEH 10 min, H&H IR
ARG A B0 T 80 °CHIZK T HIn#L 30 min, LA A M
KEHEZE, 5000 r/min #.0 5 min J5, B EEHRGS
0.22 um AIIEME, LI UPLC-MS/MS 43 Hrill 2 .
222 RAMEEHB LM

KM REAT AgelaVenusil HILIC(2.1 mmx150 mm,
5 um), ZNE AL, 20 mmol/L H R (LA H iR IR 5 A K
pH=3)}/KHl; Wi 0.3 mL/min; #HFEEF 5 pL; R
35 °C, WANHPUHBAS, 14 0.22 um JEME, A LA
ALy UPLC ZEfiRE i WK 1.

®1 RHEGERERRERF
Table 1 Gradient elution processes used in ultra performance
liquid chromatography

I} [] /min IKH/V:V, %) FHLH/(V:V, %)
0 80 20
4 40 60
6 80 20
10 80 20

223 R AEML

FH, 0% 25° H, B (electrospray iomization, ESI)iE: # <
HUAIE 1 AR AR TR EE . 290 °C, Ui
14 L/min, 551k #8 & J1: 20 psi, <R (sheath gas
temp): 250 °C, ifii# (sheath gas flow): 11 L/min, E4HE

R 3000 Vo #l a2 % W (multiple reaction
monitoring, MRM), 1E& F#iX . X &AW B 5%
PFEAT TR, o 0 M X B A T R B I ) L3R
20 HT E A FIORTEE, 7 5 10 HL B I AR T A 2L
fife, 7SR RE PO SRR -d8 A S X i Y 4
I, PRIt 26 JBU s 32 ARG E PR IF I m/z=194.0 > 179.1
FETEHE BB T

3 HREHR

3.1 FEGEEGML

R HILIC fR B 1T A B R 2 il HEiE L 3ol
AHZE PR R Y pH (. PR RFIIRE . XTH T &
JE-0.1%H 8 . Zi5-20 mmol/L W % %% (pH=8) . Z Ji&-
20 mmol/L HBR4%(pH=3)1X 3 R il shHIIA ) B REAS AL
FAR A Ve B R R, ZE-0.1%F BRUE AR A 2,
BENWEIEAE . 7E215-20 mmol/L BRI R, %4
T 20 mmol/L F BRER VAR M) pH AL, & PRRR VIR 2 LLmsit: A
RIVBORIT . BT R G, HAERRYE &/ T
AT LA A TR 3 /4 e, [0 B ) DA 8 S22 1) i i
B R, LAFF BRI 20 mmol/L F R By 1) pH 9 3, 7]
BF SR A B2 R, 7 B AR R 3] 1 T 1 43 B
BOR BN E R BT AR A R TSR S
SRR A g
3.2 PRI

SRy B T R R R e A AR R, AR
R RBGR . RRRIREE . PRERR RS TR R L,
ANSEEEHILL 50 pg/kg MIFRACE 28 P i e f o 242
fabr, A ZRAKEHAT 3 AT 8
3.2.1 4RI R E ) m

HRAE A SOk, SRR JELL S mL Hy0 A15 4R HL
5 min, REAHHERTHE. L. FF-0.5 mol/L HCI
(1:1, V:¥). ZFE#-0.5 mol/L HC1 (1:1, V:V), HEE-0.5 mol/L
RIR(1:1, V:WENIRBGAIE B AR i R g o, mE 2,
BRI B BRI B e, B > 60%, X
HRF A B LN 45 R —F . Danezis Z'8LIE 0.1%H
T 1) FH BV AR BOKR - B S v A B PR /Ay, e
TR B O 55.7%~158.4%, HE DAY 1] 0 5k
73.4%~119.2%, ZAFFEH B 1 SRR AL hT, SR E
) R R 2 B AT 560,02 mol/L HIR), (HA2FREE . 2N i
P AE B RARE, IR < 20%. B E SAh iy
BPERI B A A, 5% FRRMKE R A S5
A MR, PAEA HLIE A oA — 7 BRI W, 7T
DAIR KR e, MEERATAL, HEE-0.5 mol/L HCI (1:1,
V)Xo EORE B AR BUROR B, 48 LTI, R
-0.5 mol/L HCI (1:1, V:V) 3B,
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Table 2 High performance liquid chromatography tandem mass spectrometry parametes for paraquat and diquat
[a=2/ BB T (mlz) BAEHABREN T ET(mlk) MifERE/eV AR ISR /min
paraquat(H HHf) 186.0 380 IZQ'Q* é; 1.250
diquat(EL 2 b 183.1 380 1153%'21* gg 1.224
paraquat-d8(E HAi-d8) 194.0 380 179.1% 25 1.250
x102] 4 90
1.0 ! e X
0.9 I 80t é? R
0.8 ‘ 20!
5 07 ‘. _ 7L
S 06 ' 60 _
il I
m 0.5 < 50l
Z 04 [ | |
= 03 ' =
0.2 @30:
0.1 | :
0 — — 20+
-0.1 S — |
0204060810 1.21.41.6182.0 2224262830 107
i [l /min 0' , :
x10?
b Nas Yol v A% b}
1.0 §[\60 ‘6\,3 e o \’\JL o S v,V %.0 A,V
09 “’0 5 MmO “—0 5ﬁ\0 5‘“0\
0.8 MeO 10 <M0“
g 07 FRIGH]
0.6
§05“ 2 RIGR R A 1 B (n=3)
= 0441 J Fig.2 Effect of extractant on extraction efficiency (n=3)
034 ¥ A
0.2 LA M i L
0.1 » W i Y 322 RN ERME G
0 s ‘ MR FRIBGRI 45 S n] 4, %Ezﬁﬁﬁu/\giﬂ’a H,O il
—01 . . . - . - . - . . . - - - . N S e 2% B % >- >
020406081.01.214161.820222426283.0 2], W ETRAN R R Y R AT, PSR i 24l
fit ) /min T2 D e 5 IR R S BRI . Ay IS T
<10, 0.1, 0.3, 0.5, 1 mol/L HCI, H,O Lk KA T A i35 i)
0o ' BB E BRI IR SE5IE 3 R, ZEA s
0.8 ‘ WRIAESL T, A SRS BRI T 70%. 2
& 82 BA 5 mL 4 0.1~1 mol/L A[Fl¥¢ B 19 HCl i, Bk
S 05 I RRVFE RO TR, FARYI0G ARG, M Mk i Ak 1
2 o4 I, B AT BT AR . R IRIVRIE ) HCL 00
o | PR IR A K, LEAK BB, 3Lk
0.1 \ T LAIRE] 76.2% . SERFR U 0.5 mol/L B, W3 i (Al
O(l) R > 80%, (KL, ¥EFE 0.5 mol/L HCI BN IRILHI

020406081.0121.41.61.82.0222426283.0
5} [E] /min

TE: a BREIIRG b 25 TR ¢ ﬁH*ﬁﬂﬁﬁﬁ-uﬁ%o
1 SRR 22 520 W 3%
Fig.1 Multiple reaction monitoring chromatograms of honeybean
samples.

323 RBUREARIGKE M H 0

Pl 0.5 mol/L HCI Kigifasfl, HEE-0.5 mol/L HCI (1:1,
V-V NARBGR, ST 20(F 1), 50, 80 °CLL R HRHL
AFE] 15, 30 min XTHREUGSCRRE M, TIAE AR 3, 7]
HIFE 20 F1 50 °CACME T, A ARG AIBL R P D SR AR AL AL,
Wi PR ICEE M TR, AR RA R RS, X5
Kolberg Pt sx 45 SR —%. Bl 17 A Eh J12# 1
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HEAT, (HAEHUCPRGHA B, R, SR T AR
TERY AP BT A BGA T /8, NI B AR B . Bl
R R] A 15 min B9 0% 30 min, FCOFARAT [EICRAG BF
P, PG LEE PR A B E] 2 30 min, 7 T aEGRE 0
Je BAR AL R INE, mIRIREUS, T LKA,
SRJE B0, AT AR G A B oy 48 2 21

100
2R

B TR
80

7

60 |

[T IR/ %

(@)} \ \ \ (0]
ol ooV ;\5 o> ‘Sg/mo\“* “(\; mo\lL“C w,

pealabl

B3 R A TR A R (n=3)

Fig.3 Effect of soaking agent on extraction efficiency (n=3)

® 3 REURE R B3R AR B S E (n=3)
Table 3 Effect of extraction temperature and time on extraction
efficiency (n=3)

FFAIELE/°C JNFAI (5] /min 79 HEAG IR /% FERTHR A /%

20 15 52.7 48.2
50 15 50.4 43.2
80 15 71.7 74.0
80 30 76.5 118.9

33 FHERZKMAR TR

X R C A 5 TR A TR AR BRI 5 5 L
IR PR BRI ES SN, S BRI AR BOR i
e Jg 2. 5. 10, 20, 50, 100, 200 pg/L HIkRMERLZE,
A 20 ng iR B HEAR-d8, INFRIEEE., S5REN, AX
M FITECELPRALE 2 ~ 200 pg/L YR BEVL RN, et R R Ar, H
R E A ARAE 2R TR N Y=2.223880.X—0.042930, 3
REC() N 09942, Fr BP0y bR M i & A
¥=0.271049X-0.0009258, AH5&RKU(r)H 0.9983 . LL%S I
TR AT RS, K BRI i R DA T AR
R PR EE bR, SREIE 7 AVATRERm2s, HAp
LOD=3SD, LOQ=10SD™*1 il 5 f5 £I| 7 # A% (4 K i R
(limit of detection, LOD), &t fR(limit of quantity, LOQ)%>
SR 2.0, 7.0 pg/ke, BHERE LOD. LOQ 44llh 1.5,

8.0 pgkg. WiFH MK MR ANE & RS R ME SNT
0293-2014¢ H F1AE P U5 £ 5 b B BEAR R BRI AR A Y
52 SR AR L - T TR i ) PO Bk
34 FHAENERYN

B R HUK AR S LT 2%, 78 UPLC-MS/MS 9%
WA, MEEFTHAEE S BARaPr P 2L s B A7E B Bt
AR, S RECER TG S,
WHIVER . Et, R TOF58% R TN, 43 3k
THE., REgE. WEF. BT &R XA TEXK,
i S AR R AR, H DR B TR, Dl (3T
AYSRBOREC I 2. 5. 10, 20, 50, 100, 200 pg/L
HIFRHERIZE, IIA 20 ng AR A HAG-d8, LINARZER .
[ AR ELRE ) 2. 5. 100 20, 50, 100, 200 pg/L
HIARE 2, B2 UPLC-MS/MS I%E . LI F3R 2 AR
BIERTZe iR, H N AR B
FRN
_ CREPURRIEI St — I TR AR i 2 #3)

VTR 2R A AbR

M1 BTN | < 20% K5I BTRUN;, WT ZWE TT R R
MR 2 20% < | BRI | < 50% 0 P AR BT
BN, | BEFRBON | > 50% AR I TR, W I AUR B,
TAMEIE RN, ARG IR e IR 8 Rl A
JETRIN IR 4 FIULIE 4 BT, R ARG I e KA
Fran P RS TTRGR AN, A LT FE. &R, U
rh R BTN A AP RIS T R SR
NG, T B B R SR A S S TSR AN o T R A IR A
Fr g TR P AL RN /N T 20%, BEBHIX 2 R a4
BRI TR N, AR R R rh, AT e
FUARUERRZRAE R TAERMZIET T AT B S A
PR RN KT 50%, MREX 2 JbA P mA PR,
[RIAsF AL SR A 1E R 2R 4T B e i, AV DS B s e e B+
oo B RO RIE e HARE S P S RO R A, [l
RIS BN i, P RATHBRAR ST

x100%

®4 BERMBEREZSFRPOERBE
Table 4 Matrix effects of paraquat and diquat in different

samples

Ea AR TON, R R S A

E5P/N 9.2 26.1

Hoh 4.1 22.8

B 424 —63.1

[Pz -8.0 67.0

i —41.8 25.6

i —44.4 -29.7

£ K -36.4 -50.4
L=V -42.2 -33.1
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i, 4 AR (- I A R B TR RIS A 591
S T AEN A, FTHOHAIECAE YA 10,50,
Gansh 100 kg, i EIAJF A TRE SR HTAL SIS0, AT

%
oSetete

boes
R

oot
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i

LN PH27E

4 T HURRIECR PRTE A i 0 B

Fig.4 Matrix effects of paraquat and diquat in different samples.

3.5 FEREWERNERE

a1 g = i S AN o SN 15 TN ot (53 SN DS SN A

PR i, Fhh R R ) R AR BT AR v A T
i, W3 AT, SRR LK 5. AR, AR
A [ 0 FE R 74.6%~118.5%, HH %t bR E 1 22 (relative
standard deviations, RSD) N 1.6%~11.7%. HCEHLH ]
K 76.6%~124.9%, RSD i 2.1%~12.1%. P, %77 e
FIEE, AT DA AL SE PR S A K SR e RO AR B I
3.6 SEPRHEMBINE

FI AR SE G 7 0 AE T BN SE ) 30 A Sl AT
K, HAr g s A~ Bk 24 FaE 34 _LIEEH S A
PUAF 44~ BBF 34 N34, 208 54, il Lk
P8 S R4, T I PR, R RRAE b3 R YRR AL
D5, PIEIX 2 PR A 0 A T SR IO ST o VS VA
1E o A 5 A0 R W] LAAS PR i 2 A i v v, LA 2

/é\

e R T A PRI R R 1 b VR R R R,
O 15.2 pgrkgo HABAE AR RAG A FORRIECR AR o

x5 BEMMEERERIFKR S MRREERMENRERE@0=3)
Table 5 Recoveries and relative standard deviations (RSD) of paraquat and diquat in vegetables and fruits (n=3)
FEbh WK (ng/keg) A IR % RSD/% FE P ISR % RSD/%
10 90.6 7.0 78.2 4.4
Al 50 118.5 3.1 94.9 4.0
100 110.7 11.7 76.6 10.4
10 90.5 3.1 107.6 3.4
Fok 50 74.6 1.6 87.5 12.1
100 79.7 2.7 91.3 45
10 83.7 5.5 85.3 5.7
B 50 79.2 33 89.4 2.0
100 89.7 8.5 84.4 5.4
10 87.5 4.1 101.7 9.1
= 50 120.2 1.3 82.3 5.1
100 115.6 2.6 78.5 5.1
10 88.3 49 87.5 5.1
PO 50 75.8 3.6 98.6 5.4
100 84.9 2.6 87.5 3.6
10 105.0 5.5 77.9 6.7
i 50 1113 1.6 124.9 9.2
100 97.7 8.7 96.8 6.4
10 91.5 9.9 80.9 2.1
ZJK 50 107.7 0.9 124.4 43
100 96.8 1.3 110.3 2.1
10 107.1 8.8 109.5 3.4
=i 50 118.8 1.3 117.1 2.3
100 110.2 3.7 86.6 55
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