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& Wk, BAE, AR, FRRF, RO, B R
()18 gl B2 Be At e, RS 610066)

B E: BM &M e SO 6% - 8 BT E I (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)IEMIEH Z R . BERR . WEaGhe . Wame . HIEmER | PREEE | xR
FIRF R . WREEFROER . MFEIEPRNE . M EER R TEM 2,4-D Mt hdk. A& HE
VeI, R9% 30 min JSINA 5 g AL E 30 min, |5 IE R UPLC-MS/MS 23041, X ACQUITY
UPLC BEH Cg#£(2.1 mmx100 mm, 1.7 pm)#FF P AH 0354385, LA 0.1%F % 0.5 mmol/L P iR A Y WAy ik
SIAREATAREE R o SR 2 SN A A T B, DAL bR EVS OO MR i e i, GR5R 11 P REf
FITE 1.0~100 pg/L 75 F P RMESC R RAF (7 > 0.999), J ik mARK B K 0.03~0.21 pg/kg, Al BB K
0.07~0.5 ug/kg; 7E 3 MUK H 1.0, 5.0, 10.0 ug/kg BF, [EIERKy 75.1%~110.4%, X2 H 0.4%~9.8%.
X 26 NGRS HEAT 40T, Z PR . BREE R FITG FR FEIR B R DI BR AL A RE S TP R, 2,4-D 7E 25 ARG
AR, MR R AR, A RS PR SRR R, RO X 2 R AR (2285.51 ng/kg), FE
PRt | WS, RGN, S8 ZOr kil . R WER, & TR T 2 A0 CR R i [R] I E
KIS RBORAE (G- IR T, (R A, A

Determination of 11 Preservatives in Citrus by ultra performance liquid
chromatography-tandem mass spectrometry
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(Analysis and Determination Center, Sichuan Academy of Agricultural Sciences, Chengdu 610066, China)

ABSTRACT: Objective To establish a method of determination of carbendazim, thiabendazole, pyrimethanil,
imazalil, thiophanate, prochloraz, methylparaben, ethyl p-hydroxybenzoate, propyl p-hydroxybenzoate, butyl
p-hydroxybenzoate and 2,4-D. in citrus by ultra performance liquid chromatography-tandem mass spectrometry
(UTS-MS/MS). Methods The sample was treated with acetonitrile as extractant. After shaking for 30 min, 5 g of
sodium chloride was added and allowed to stand for 30 min. The liquid chromatographic separation was carried out
using an ACQUITY UPLC BEH Cg column (2.1 mm x 100 mm, 1.7 pm) with gradient elution with 0.1% formic acid
0.5 mmol/L ammonium formate and methanol as mobile phase. Mass spectrometry was performed using a
multi-reaction monitoring mode and quantified by matrix preparation of standard solution external standards.
Results The linearity of 11 kinds of preservatives in the range of 1.0~100 pg/L was good (+*>0.999). The minimum
detection limit of the method was 0.03—-0.21 pg/kg, and the lowest limit of quantification was 0.07-0.5 pg/kg. At 1.0,
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5.0, and 10.0 pg/kg, the recoveries were75.1% to 110.4%, and the relative standard deviations were 0.4% to 9.8%.

Analysis of 26 citrus samples, carbendazim, prochloraz and propylparaben were detected in all samples, 2,4-D was

detected in 25 samples, and pyrimethanil was detected in one sample. In terms of variety, the average dosage of

lemon was the highest (2285.51 pg/kg), followed by orange, orange, citrus and kumquat. Conclusion This method

is simple, sensitive and accurate, which is suitable for simultaneous determination of various preservatives in citrus.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; preservatives; citrus
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1 5

B EER AR RS DR AT 36 & e (W A AR A, 21 A
AR IEATIT IR AR AR, RS 5 7 L 404 . 2555 .
A FTAINGE, AL 185 I B e, LI A
K 10%~30%!". ELEE R E TR . S F 21
FL IR AR 1 55 T R BN T D 2R (R
UL P DR 56 977 JEE Tt 2 A B S PR A B L SO L R
Tt WA L HERREAS R SR L K P R A0S e By
J AR A b R BT I b ol A e P 9 R e — 2
KAy, BPRITRAT 10 d ZEAWE 1~2 UOREER, B
JFIEH, TRSRIG RN, SRS 24 h 2GR SRR R,
W R R R R IR AR . R R W
FEME | DREENE . 2,4-D ., X ERIETE R E AT

A2 R R AN R AR B2 (R B, A v 0 (R 6 5] 5% P
SN NARAEERRE = AR g, e 2 SO L Bowy . BoeAR
SISOVl SR AR Y A R 4 I i S P 7 A I A
R M2 56 . BRTRACRE S R 25k R K %,
EXT A P R EE R A I B S A0 . MSIE 53 1R T e e -
HR I B 15925 (ultra performance liquid chromatography-tandem
mass spectrometry, UPLC-MS/MS)X} & A& 5t #2775 Fhfx:
IR B UEAT T o, ZREE U RO (i o R A
6 R AR EER IR T TSI, 82954 SR A R AR
k- ER I BT A AR A 7 AP OREE IR T T . A
PR VT A7 AR 88 590 PO A 5 A7 WAL B 2 5 (21 FH T A 2 T
ANEE) L R SRR . AR A RS S Rl R

AHIFSE I F v AR | R A A R SO A (-
E IR JOT R X b A v DR A R P 5 AT LU AT, A LA
T 11 FRAE PR AR EERT 7 218 R (carbendazol) |
1€ & 2 (probenazole) . & %% it (pyrimethanil) . Il & M
(imazalil) . H 3t i & R (thiophanate-methyl) . B fif Jli
(prochloraz), X723 H % H i (methyl paraben). XfF2J%E
7K F R 2, T8 (ethyl paraben) . X 3% %k 2K H iR 1N B5 (propyl
paraben). XJEEIEIK H 2 T I (butyl paraben)#l 2,4-D, LLHH
ST HTALPRART A . RO s R ik

2 ST

2.1 MRIEE
FithG: 226 REAL, ELIT 5 AR 2K Rk

M. FrlE . S, T ) R A AR R T .

i, 205 . BRGNS, f2E CNW A F]);, B R
(4liFF 99.995%, L[ Sigma/Awl); PRk fREM: ZH
R (98.6%) . MEFE R (99.7%) . W5 E M (98.2%) . ) 75
(99.3%) . HZEHBRIE 2 (98.9%) . BKEERZ(99.0%) . X FEIEA
FH iR FH 6 (97.8%) . YT R IERH iR U6 (98.5%) . X R IER
F R TN TR (98.9%) . XF ¥ KL 2K R T MR (98.8%) ANl
2,4-D(99.1%) (1% DR 2~ Hl); SEge KIS A4k,

Xevo TQ-XS i = W AR 0% - B 15 T 3% 0 (36
Waters 2\ Fl); 0.22 um LIRSS E Agilent 2\ F]); ZD-85
TEIRIR 7 s (E A, ZYUPT-1-20T #4lik 25 (H M
SLYACINE
2.2 FRERREH

WEIFRIZ B R | WER 2 . WEEE . AR . B ILAR
PR RO, WRIEEF IR . XA R R .
YR IEIE R NG . XHEIEIE R TR 2,4-D ArifEd) i
% 10.0 mg F 100 mL ¥ &0, F P ELE M C R S 208
A 100 pg/mL ARG AR S A A R . RIBGE TR G A
VI, FHH R BN 1.0 pg/mL TR FRIE TR
23 HmETLIE

FARARE Gy B DR, EAT 519K Ab 3 BRI 20 g SI0KAE
ST 100 mL B0, A 40 mL 21, 1RHE 1 min, {H
IRIRGFRIRTE 30 min, MIA 5 g &4b4N, FE 30 min JFHL

IR, 0.22 pm el AR IR L AL,
24 NEBITIEFEMH

1) WA @SS @i ACQUITY UPLC BEH Cig
(2.1 mmx100 mm, 1.7 um); ¥: 40 °C; FshH A:
0.5 mmol/L H &% 0.1 %W B/KIET, Wahtd B: HEE &
FEVEIRAET: 0~3 min A HHH 80%%ZE 50%, 3~8 min [} A
MR 10%, 8.1 min [HFFh 80%, f£4FF] 11 min; Hik:
0.25 mL/min; #FFFEE: 2 ul.

2) FRiELF: HLMEZE B i (electrospray ion source,
ESI), 1E %5 T Y494, £ & B 15 M (multiple reaction
monitoring, MRM) £ =X ; L B 25 B & IE & F %
+3000 VHEFEEK-500 V; & FEIERE 150 °C; BE
FRE 500 °C; LA R 1000 L/Hr, #EfLIK WA HE
150 L/Hr; N, JE 77 6.5 Bar; flf 48 < I it IE B 1 1 50
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0.17 mL/min 15 F#= 0.15 mL/min,

11 AR EE T4 22 S W WD B E S50 3% 1,
2.5 FHIRWIE
251 REMKXSERHMA

HI T AR WA A TR A3 S A, ML 55 B L ACR )
PRI BT, {53 A4 0% B v 7 1 0 KA, A

20 UPLC-MS/MS S35 12 (i B Rk 5 U oy

PER R, AR P 2 T DC AR AV TR IE 1 7 T %
LT A TAMENSIO s R S gl R RS, LR
SBCRTRC T A ] e BE 7K AR G B R ARV, A9 3R B2
1.0, 5.0, 10.0. 50.0. 100.0 pg/L ) RIBRHER AR -
MR BERE, DAL iR B2 R AR b, 7 i 15 i T A
AR, llbRERIZ . DL 3 FEEMRLL(S/N =3)H1 10 £ {5 1
HE(S/N=10)1138 7772 B9 46 B (limit of detection, LODs)F
& 2 PR (limit of quantitation, LOQs)!'",,
252 EDREHAFEEMNT

] 25 AR S IS [ R B /KOS M pm IR A TR,
TIbR IS B A it o A B PR A B T 500 120 1.0, 10,
25 pglkg, AR 6 PAT, IRAEHE 1 he Z
JE e 2.3 SPRFEM AT RIALBE, ¥ 2.4 I UEHATINE, A
S5 [l i 28 K AH X6 A UE f 22 (relative  standard deviation,
RSDs).
253 H&RE

K FABIR ST ST 1 7 H ) 26 AT RE Sl b B 11 Fb R
SER T (T R | WETR R | WERE . IEEE . H IR A R
DREERZ . XPORERH R . XPRERHRR R X RAE
FHERER . XRFEI IR T BRI 2,4-D)iFA 7 [FIE A

3 HER5HH

3.1 &iEiTH

P BEABIF S G ST 0 e 11 bR AR )7 165 790 A s v
TRARI(10.0 pg/L), %L 1. 11 Fib A28 TR
TP, WEIBLT, RS .
3.2 RENERNIERE

PLA T R . 20 R R - H R B K VS AT R i sl A
BF, BRI ROARE S b 11 R OREE A4 43 35 0 R AR 10
S5 UL, ol T PR A R R - F R K T VR R T sh A
TROREL €20 114 43 5 0O T 1 i o e o 0K T % FY R T R
P i AWk B AT T 5 5%, R BRRE FH BRI FE B K 2,4-D (11
JO7 SRR T P R A vk FEE 8 i g o 0 % R P G ) I T 4
B B uE . B A B 58 R A B EE-0.1% H R
0.5 mmol/L H! %% /K 7 W AVE R sh A
33 ZMeE. RERMESR

11 P CREE T AL R | AHSC R K R R R
T2 2, 11 FMEEETE 1.0~100 pg/L JE RN LR R IF
(> 0.999), AL R A 0.03~0.21 pg/kg, Rl &R K
0.07~0.5 pg/kg, i HBRANE A BRI BERE AL = PN S o PR &2
34 BRI FIEEZEE

3 PR, 11 FEREEIZE 1.0, 5.0 A1 10.0 pg/kg U8
HIACE R EICE R 75.1%~110.4%, AHSHRE (R 25 (relative
standard deviation, RSD)} 0.4%~9.8%, [] Ui 2 kG % i 1y
RETE AN 2R

F1 1 MRETNNZREENRESH
Table 1 MS parameters of 11 preservatives
- SR EE m/z S 4o AL
4 1L . [52] H‘ ~ - - 5 ISH=N e
No. /min EERET ETEE T 1A% /eV
1 ZWR 2.04 191.9/160.0 191.9/132.0 28 18°,28° iE
2 IGE TR 2 2.36 201.9/175.0 201.9/131.0 4 24°28° iE
3 W if fi 7.58 375.9/307.9 375.9/265.9 6 12%,16° na
4 LA 1 R 4.57 343.0/150.9 343.0/311.0 12 184,10° na
5 TR 5.22 296.9/158.8 296.9/200.9 2 18 na
6 W B M 5.63 201.0/107.4 201.0/82.1 98 24°26° 1E
7 2,4-D 5.79 218.9/160.9 218.9/124.9 2 14°,24° il
8 X SLOR R T TR 6.47 192.9/92.0 192.9/136.3 4 24°,16° il
9 Ko 32 525 R T i 5.63 179.0/92.0 179.0/136.2 12 20%16° il
10 XL iR 2T 4.72 165.0/92.1 165.0/136.7 2 20%14° il
11 Xof 2 2 R P g 3.81 151.0/92.0 151.0/136.0 6 18%,14° il
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carbendazol probenazole prochloraz thiopahnate—methyl
F1: MRM of 4 channels, ES F1: MRM of 4 channels, ES1 F2: MRM of 8 channels, ES F2: MRM of 8 channels, ES
191.946>159.951 201.946>174.957 375.947>307.941 342.968>150.902
9.322¢+007 5.275¢+007 5.758¢+007 7.418e+007
E Y SRR ' C— = ) SE— . E oL . . = 0
Bisf 1] /min Fisf 6] /min Aisf 18] /min Bisf 18] /min
F1: MRM of 4 channels, ES+ F1: MRM of 4 channels, ES+ F2: MRM of 8 channels, ES+ F2: MRM of 8 channels, ES+
191.946>131.973 201.946>130.96 375.947>265.858 342.968>310.983
1.763¢+007 3.264¢+007 1.053¢+007 1.769¢+007
ey E L . ey . . ) . E 7.59
07750 2.00 2.50 07750 2.00 2.50 0™ 500 750 277500 7.50
A5} 8] /min Hs} 8] /min i} 8] /min 5} 8] /min
imazalil pyrimethanil 2,4-D butyl paraben
F2: MRM of 8 channels, ES+ F2: MRM of 8 channels, ES+ F3: MRM of 15 channels, ES— F3: MRM of 15 channels, ES—
296.883>158.844 200.968>107.414 218.904>160.887 192.926>92.018
1.569¢+007 7.904¢+005 8.871+005 100 3.221e+006
= = 620 = =
: S DN |
5} 18] /min i ] /min 5} [8] /min H (B8] /min
F2: MRM of 8 channels, ES+ F2: MRM of 8 channels, ES+ F3: MRM of 15 channels, ES— F3: MRM of 15 channels, ES—
296.883>200.936 200.968>82.096 218.904>124.898 192.926>136.324
1.171e+007 6.627+005 7.148¢+004 1.053¢+006
S ’: l ¢ S 100 N S 100 ¢ S 100 ¥
= = = =
g, = [ L. Z asen | o* £
500 7.50 0"7500  7.50 07200 600 07200 600
B} [] /min Fs} [] /min H5} 8] /min fi5f ] /min
propyl paraben ethyl paraben methyl paraben
F3: MRM of 15 channels, ES— F3: MRM of 15 channels, ES— F3: MRM of 15 channels, ES—
178.968>92.022 164.99>92.088 150.99>91.892
< 1.958¢+006 . 100 1.174¢+006 . 100 1.558¢+006
E g L. L g L
At ] /min 5 [E] /min fif ] /min
F3: MRM of 15 channels, ES— F3: MRM of 15 channels, ES— F3: MRM of 15 channels, ES—
178.968>136.209 164.99>136.744 150.99>135.944
100 8.496¢+005 8.630e+005 8.803¢+005
= 0 E 3 g
4.00 6.00 4.00 6.00 4.00 6.00
i} [E] /min ff ] /min i} [E] /min
BT 11 AP SR v VR 1 ]
Fig.1 Chromatograms of standard solution with 11 preservatives
Fz2 1 MEREFIMEVASE, BXRE. RERRE2R
Table 2 Linearity parameters, LODs and LOQs of 11 preservatives
i PRAEF L bk [y R B LODs/(ug/kg) LOQs/(ng/kg)
1 ZHR Y=948577X+42375 1 0.03 0.08
2 VB T R Y=476217X-149473 0.9998 0.05 0.11
3 WREERE Y=308948.X—62283 0.9999 0.05 0.12
4 FH L B i 2R Y=468401X-79288 0.9999 0.03 0.07
5 TEzE Y=108175X-76188 0.9997 0.1 0.25
6 W R ¥=5293.2X+1672.2 0.9997 0.15 0.42
7 2,4-D Y=5417.3X-1301.9 0.9999 0.11 0.28
8 X ¥R FEAE TR T e Y=18063X+4347 0.9998 0.08 0.22
9 it ¥ L P 2 A i Y=12590X-2461.6 0.9998 0.1 0.27
10 PUPZE Ly Y=7606X+749 0.9998 0.12 0.31
11 PUEZE: S A Y=9101.2X+862.37 0.9996 0.21 0.5
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F10 &

3.5 FEGEMEK

FE TPt 26 AR SIEA TR AL S A TR -
EREESTRRE AT, RISE R 4. SR . BREEHAINR A
S R N R E PR A AR S P K, 2,4-D 78 25 MR P A
ki, HUORXRERF IR TS . F 60 b R AR IR H
MR, EEEAS R IR, (E— RS PR, HR
JEVERE R | IR | XFEIEAR R LG . FEA KBRS R,
DIIDEE M A2 5 s, 1R 57543 pg/kg, HREHIZE

FH R T R R 8 B8 F R RSS2 ARG v P A DR 977
I, IR e R A SR B R A AR, X R
KHMRERZS B AR F A, (A RRAR.

MR BE, frEN TSR R, R
g FRBER ., 2,4-D MEBER, M08 2
WK 2285.51 pg/kg, HUIEEE WG HISMER,
W2 658.48., 421.35, 34272, 145.75 pglkg, S8, #t.
WK EERARR, frEmaEme R al, Bt

TR 254.98 pg/kg, BREE i FIPE R R 145 5 R dL ik 3] ATRHE AR, AT A DR 500 5 ik d vy, X A A B i
220.98 1 113.78 pg/kg. HIMAT WL, BREEH: . ZH R | 2,4-D. TSR R F JRURS:
£3 1 MREFIEMITPREER RSDs £5R (1=6)
Table 3 Spiked recoveries and RSDs of 11 preservatives (n=6)
JIFRUR BE /(ng/kg)
Gt HaEy 1.0 5.0 10.0
15 2/% RSD/% 152 /% RSD/% [l 2/% RSD/%

1 ZHR 89.7 2.4 93.4 8.8 101.4 6.6

2 WE T R 84.1 6.8 84.5 6.2 90 1.5

3 D ¥ Jric 84.2 3.9 84.7 9.8 79.2 2.3

4 FH B T R 80.1 1.5 94.8 3.4 92.6 3.9

5 M m 76.1 9.3 82.0 1.1 80.4 0.4

6 W7 i 75.4 6.8 80.9 44 87.3 2.4

7 2,4-D 76.6 2.4 100.0 8.7 90.8 0.6

8 X FRFEOR HURR T R 75.1 7.5 77.8 5.5 80.9 2.0

9 PUPZE S L AAS]iTS 76.6 2.3 92.1 6.3 80.5 0.6

10 X RO H R LR 80.9 6.7 87.7 8.6 87.6 22

11 X FR IR YR R 110.4 0.6 112.1 2.7 89.8 0.6

R4 HIBHRPRET BN/ (ng/ke)
Table 4 Results of preservatives in oranges/(pg/kg)

BT R BER ORER WREN 0 mmw wEN 24D ot ORI R
i WETE OPEAR MW A
1 i3 0.94 ND 305.88 ND ND ND 11.76 0.18 11.82 6.20 16.27
2 i3 7.61 ND 352.92 4.45 91.13 ND 66.06 0.23 6.27 ND 3.51
3 i 0.17 ND 255.17 ND ND ND 44.46 0.17 7.04 3.98 12.30
4 i3 0.18 634.85 1.59 ND 87.64 ND 2.35 0.29 6.82 ND ND
5 i3 0.35 ND 123.66 ND ND ND 7.11 ND 3.18 1.16 3.64
6 i3 0.12 ND 1.67 1.67 1003.73 5.07 ND 0.17 2.77 1.44 1.61
7 i3 2.52 0.23 1407.17 1.17 ND ND 90.75 0.12 1.99 2.82 2.99
8 H 4.10 ND 1.01 7.14 5.95 ND 8.21 0.18 5.65 ND ND
9 Ui 0.12 ND 319.02 0.69 ND ND 3.05 0.23 6.04 ND 4.78
10 Uil 0.76 ND 245.06 1.74 ND ND 21.03 0.12 4.71 1.98 3.95
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k4

B RN SHA WEA GRS e wigw o4 ot XDRIR XDRIRRE R AR

WA HER THE WERNEE BRCER 12 H iR

11 H 199.67 ND 4201 17142 ND ND 11.02 ND 3.38 ND 6.34
12 Lit) 2.52 0.47 845.22 ND ND ND 7.31 ND 2.75 ND ND
13 Ht 32.49 0.24 36.62 2483 ND ND 19.16 ND 2.95 ND 2.42
14 1% 1170 160.43 8.33 2.72 ND ND 3.01 0.35 5.38 3.66 ND
15 1% 28.27 ND 711.46  0.47 ND ND 5.97 0.18 4.08 ND ND
16 13.4 ND 611.12  1.17 ND ND 4.44 0.17 2.54 ND ND
17 i 19.7 0.11 78.88 2.46 ND ND 2.41 0.20 2.77 ND ND
18 Fri 79.24 ND 240  1146.74 41028 ND 212.34 0.23 12.58 ND 22.01
19 Frig 2.67 0.12 18.23 470  1620.66  ND 339.90 ND 8.77 ND ND
20 Frig 45.44 ND 40.00 1022.52 66647  ND 677.9 0.25 7.77 ND ND
21 B 36.02 ND 1524 84871  597.71 ND 585.7 ND 428 ND 10.11
22 HITFE 106.44 ND 2529  1344.48 69527 ND 800.01 0.35 9.68 ND 7.04
23 E 20.00 ND 21.16 2.50 ND ND 3.08 0.29 7.21 ND 5.23
24 K 81.85 ND 135.79 ND ND ND 21.74 0.35 7.15 ND ND
25 Eri 60.14 ND 84.46 ND ND ND 17.78 0.15 7.41 ND ND
26 A 2522 ND 56.10 ND ND ND 14.11 0.18 5.55 ND 5.55
e Hi AR 26 7 26 18 9 1 25 20 26 7 15
B 0.12~ 0.2~ 101~ 047~ 595~ 507 2.35~ 0.12~ 1.99~ 1.16~ 2.42~
T 199.67  634.85 1407.17 1344.48 1620.66 800.01 0.35 12.58 6.20 22.01
EHIME S 3006 11378 22098 25498 57543 5.07 11923 0.22 5.79 3.03 7.18
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