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BEARERERRREEZNETE 36 MERARGKES
FEE =S RAUE L BkEM L, D R, RAIE

(1. #T AN TSGR R, #T N 324000; 2. #FLALE#EEASCERAS, AT BN 324022)
WE: BN ALREMNEFLP 36 AEMRARGERG TR JAORMEH ERNE L. FTiE TSN YRR RS
Jo BRM KRB N - WA T AR A S AR I G AR A A R R B B T % R Bl (MRM) B2 Xl 52 A & A o
36 A EMMRANEGE . HER 6AEMARGYELENRETRETLCAANSEGRBRSMEREX F RIFG>0.991,n=6) ;40
T 0.020 9~8. 659 4 wg/ kg; T3 EDICFE A 73.25% ~ 102. 83% ,RSD 1 1.59% ~9. 14%(n = 6) 32 #b-F X & ¥, o S HZ .
b kook ik L BR BS 9 # R R A 96. 88%, 65. 63%,46. 88%,25. 00%, 6. 25% , 5% 8 F A1 1 0. 002 ~ 0. 674 mg / kg.0. 001 ~
1. 535 mg/ kg.0. 006 ~ 0. 133 mg / kg.0. 002 ~ 0. 074 mg / kg.0. 09 mg / kg, ¥ AR T XX G FRE, LA LR FEF 31 ARBLE
MH AR IR AT L RS R R RAUE G, TR TR A F goP 36 AHEERN R AR B E
RER A SR EE P RAER FAGERARSG K8 F
Detection of 36 Forbidden and Restricted Pesticide Residues in Citri Reticulatae Pericarpium

Viride by UPLC - MS / MS
FANG Beigian' ,YUAN Shiqing’ , XU Liping',YAO Jiansheng' ,WEI Xin' ,SONG Jianfeng'
(1. Quzhou Institute for Food and Drug Control,Quzhou . Zhejiang ,China  324000; 2. Zhejiang Xianxia Lake Health Technology Co. ,Lid. .
Quhzou , Zhejiang , China  324022)

XEHS:1006 — 4931(2024)11 — 0075 - 05

Abstract:Objective To establish an ultra — high performance liquid chromatography — tandem mass spectrometry (UPLC — MS / MS)
method for the simultaneous determination of 36 forbidden and restricted pesticide residues in Citri Reticulatae Pericarpium Viride.
Methods The samples of Citri Reticulatae Pericarpium Viride were extracted by acetonitrile homogenization. After concentration, the
samples were purified by a purification tube containing anhydrous magnesium sulfate, N - propyl ethylenediamine and
octadecylsilane chemically bonded silica. The positive ionization in multi — reaction monitoring (MRM) model was used to
determine the 36 forbidden and restricted pesticide residues in Citri Reticulatae Pericarpium Viride samples. Results The 36
forbidden and restricted pesticide residues showed a good linear relationship with peak area within their mass concentrations (> > 0. 991,
n = 6),the limits of detection was in the range of 0.020 9 - 8.659 4 ng / kg,the average recovery rate was in the range of
73.25% — 102.83%, with an RSD of 1.59% - 9.74% (n = 6). Among 32 batches of Citri Reticulatae Pericarpium Viride
samples, the detection rates of chlorpyrifos, carbendazim, imidacloprid, pyridaben, and spirodiclofen were 96. 88%, 65. 63%, 46. 88%,
25.00% ,and 6.25%,respectively. The residual volumes of chlorpyrifos, carbendazim,imidacloprid, pyridaben, and spirodiclofen were in
the ranges of 0.002 - 0.674 mg / kg,0.001 - 1.535 mg / kg,0.006 — 0. 133 mg / kg,0.002 - 0.074 mg / kg,and 0.09 mg / kg,
all of which did not exceed the maximum residue limit,while and the other 31 kinds of pesticide compounds such as deltamethrin
were not detected. Conclusion The established method has a short analysis time,and high sensitivity, which can be used for the
simultaneously determination of 36 forbidden and restricted pesticide residues in Citri Reticulatae Pericarpium Viride.

Key words: UPLC - MS / MS;Citri Reticulatae Pericarpium Viride;forbidden and restricted pesticide ;residues
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USTOAHIR Y AR I T R B TR S R AL BT R
NG B A KR, 42 QuEChERSs HURNAHL, LU
22 [ 07 W) (MR 5 2 AG: I, SR FH 8 125 50T €23

B % (UPLC - MS / MS) i [R5 75 B2 b 36 Fh 25 R
FHAR 24 1) 5% B8 o BB QN T o
1 5%
1.1 {4z
Waters XEVO TQ — XS %Y &5 %0 AH {6 3% =

AT BB FH AN (3E [ Waters 22 A] ) ; XP205 zﬂ%?%@
(Mg — FER Z B IR RO A R AR HEE R T T2
— ) s B 2% (% [E Eppendorf 23 & ) ; MLLi — Q Advab -
tage A10 78 4 7K 22 4t ( 5% [ Merk mLLIPORE 2 7] )
AH - 50 %14 [ Eh I s , MPE 58U 25 8 i B a3 SEA T e 4
10, B0 FERHER 1) By A BRZA T 50. 22 um fif
fL g B (b ot b B BB A BR 28\ ) 5 VIBRAX VXR
S025 TR 4 (PR E IKA A F]) o

1.2 X%

30 Fi Ak A 25 i B IR S O IR IS W (LS
4722367, 45 100 wg / mL) ,QuEChERs ¥ L5 (5
IKBREREE 1 200 mg, N — N 3E L % 300 mg, +/\ o FtE
FEBERE B REE 100 mg) , IR (fa i 2l ) |, Y5900 Tk nt
Eh R A R ) 5 TR 4 T X IRt 5 i (il 22 3 5
IR AR A PR F] L iS55 CDAA - S - 413045, 465
7100 g/ mL) , AH =BT R 5 7 W (FiE 5 A GSBOS -
1890 — 2016, 4 [ 4 100 wg / mL) , 2 B 7R XF B8 5 I8 Wi
(#L5 }y GSBOS — 2342 - 2016, 4l [ 3 100 g / mL) , 12
56 i %k R 9 W (4L 5 SBOS — 334 - 2016, 41 J¥ Ky
100 g/ mL) , Wk 2 %F B85 3% W (45 4 GSBOS -
2658 - 2010, 2l i 4 100 wg / mL) , T A6 WX} BE V8 T
(£S5~ GSBO5 - 1869 — 2016, 4L & 4 100 pg / mL) , 13
W T AR AR AT s O HBE (g 4l FEER Gt
IRBHE A FRA R s S48 (3B sl , bk dr ik TR
FA R T sk B At K 5 32 LT K FE SR T A ]
ZEAT L REAE BOULER 1, WA T A 2 SR
AIF € AT v 28 DIl R G108 5 7 Ry O o 22 i A AN
AT GE P B A 245 ol Fh R R AR AT R A iR S 1
FEf
2 FiEEHER
2.1 REEHG
2.1.1 Bit&t

{4+t : Waters Acquity UPLC®PBEH C,5#1: (100 mm x
2. 1mm, 1.7 pm); FishAH:0. 1% H R - H BRI (A) -
0. 1% W IR 7K 35 Wi (B) B BE & I (0 ~ 2. 0 min B} 3%A
2.0~7.8 minff 3%A ~98%A,7.8 ~11. 0 min I} 98%A ,
11.0~ 11. 01 min I} 98%A ~ 3%A, 11. 01 ~ 13. 0 min i}
3%A) ;7 :0. 3 mL / min; FEiRL ;35 Cs AR 1 pls
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Tab.1 Information of Citri Reticulatae Pericarpium Viride samples

BE BF &R ORKE PR BF 45 & AME PR
I OXQPGOL A 6F  difEM| 17 XQEIT A $A wlAk
2OXOPGO2 A 8A drIfM | 18 XQCZGIS BHA 84 AN
30XQPGO3 A SA ArEBpR| 19 XQMI9 4 6/ HiEg
4 XQPGO4 #E# SR drzAM| 20 XQM)0 4 6 HLEg
5 XQPGOS kM SR B | 21 XQMI2I B 68  #kEg
6 XQPGO6 AA  8A TR | 22 XQW2  ARF 6 gz
TOXQPGOT HM 8A HMREF| 2B XQWB3 ks 6 dch
§ XQPGOS A 8A  drfirM| 24 XOMGM BMEM  6R  drrfd
9 XQMJ09 EH 8RB | 25 XQOIS M4 6  EdLE
10 XOMJI0 %8 TR MAEZ| 26 XQMC26 BMEM  6R  Hrfim
IXQWI 8 7R dfed|| 27 XQSN2T B 68 M
12 XOMI2 #H TR dRfpd| 28 XQPGS  AEA 68 dicfrh
13 XOMJI3 %5 6R  HAE3| 2 XQI6W  E# 68 J R
4 XQMJ4 B8 TR HREE|| 30 XOMG0 BMER  6A M
15 XQMI5 # 7R k| 31 XQPG3L Atk 6R  Hihin
16 XQMJI6 246 64  wiffa| 32 XQPGR  fiA 6R  dihn
2.1.2 FiELH

PR IR B 5 MR DA = . MRM ;i 35 57 Ui
JE 2500 °C 5 i 3% 55 U B - 600 L/ by HE LA
150 L/ h; 554k 48 K 71 : 7. 0 bar. 36 FiAk KEFHZ%”EB’J/\U
SHNE?2.

2.2 BREHE

TR A5 T JHEL St T < 4 30 R A% FH AR 24 i P & %o
T TRTUAE TR Rk 2T R R (A R REAE
WX R s YR L P TR ) 5 1 36 Feh A BRI Ak 257 & Xt il
AR CHerp TR S R AL A ) B s V6 24 300 ng / mL,
HAY 100 ng / mL)

MBSV VR IBORE S oK (B 3517 5 o KB R
TINGEAEN 1 g, 37 BIEEEC, T3 205 50 mL, 23 AL FE 2 min
(FEHEAMET 12 000 v/ min) , B0 (553344 000 r/ min) ,
IV W, DLVE , T3 2 50 mL, ) 3 A PR 1 min, 25
L B FF 2R VB R AT 23 ~ 5 mL, 04 G
Fi B2 10.0 mL, $£ 4], B0, i B B IE W 5 mL, &
uEChERs {# 4L T, IR IE , 4 1R 50, Bk a4 LIl 20
¥ (500K / 43)5 min, ik 58 4, B0, BCETH W, BIAS .

25 B BT R « BT B2 AR il s 1 2 A 3l L 4%
M W A T i A, B .

R JOT T A T T S A R < 4 K % BT A5 % B,
A 30,80, 120, 150,200,300, 400 plL, 48 (5L 5%

WOEFE 2 2 mL, 75 L1 — L7 B 32 5 v B B 5 1R 45 xof TR
VU
2.3 MEE

3 )RS 2 W ML S R o TR X6 TR R AR 3K
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F2 36FERAKZ UPLC - MS/MS iS4
Tab.2 UPLC - MS / MS analysis parameters for 36 forbidden

and restricted pesticide residues

55 REak t,? $5F — )%%f ; é&%tfm bi%i4 %2

(min) rEhRF RRET (V) (V)
I FE# L8 1420 940 1250 3 15/12
) REH 730 3041 A7.0 0 202.0 12 21136
3 REHR 6.1 3361 2660 1880 29 20/28
4 KEBIW 6.0 3201 1080 1710 15 39/24
5 hREAE 74 470 13.0 1090 35 9/19
6 HEH 74330 9.0 1710 8 14/16
T ORRA 6.0 221 1650 1230 2 12122
§ 3-ZALEA 50 80  18L0O  163.0 13 11/14
9 BARE 6.2 411 1960  168.0 8 16/30
10 FaE 6.0 38L1 1670 199.0 2 14122
1 asK 6.2 381 4.0 1670 12 19/16
12 REE 7.6 L1 159.0 1310 16 14/23
13 s 71 3140 1200 162.0 10 27/15
14 FaE 7.6 2611 749 4.0 18 10/26
15 FHELR 6.3 277.0 9.0 1430 19 30/18
16 THHR 6.4 2930 9.0 1150 19 31126
17 BAH 74360 307.0 2890 14 16122
18 HAA 5.5 255.9  140.0  168.0 18 1916
19 g 58 3000 1740 1270 14 15/19
20 HRA 5.6 231 8.1 1161 2 8/14
U HRRER 40 21 860 1480 2% 11/8
N BRAZA 38 27.0 1320 89.0 8 7/15
B AAE 45 240  127.0 98.0 17 15/10
U R 6.7 259.1 8.0 61.0 14 12/26
5 RER 72 2430 13LO 97.0 15 21/30

2% HTHER 6.8 3210 1710 97.0 19 13734
M RTRELN 6.8 3050 187.0 97.0 18 12741

B KERE 6.5 2910 2310 1210 15 14131
29 FEK 45 197.0  17.0 1250 10 23132
30 FARME 743320 BL0O 2730 18 17/4
3 RRAE 8.2 5061 2810 93.2 30 12/46
30k 48 2561 2001 1751 30 15/20
B OSHR 40 1921 1601 1321 30 18/28
% BHE 8.2 41 3130 71.2 31 13/13
35 B 8.3 3651 4.1 309.1 30 %712
% A% 8.0 3499 9.0 198.0 30 32/20

Eot ARG ARG, AR ARARE KR,
Note: t; refers to the retention time;* refers to forbidden pesti-

cides,and others are restricted pesticides (for Tab.2 — 3).

VWA 1 mL, KE0K 0.3 mL, WRA), B, BUEEE TR,
G RS B WA 1 L, TEA UPLC - MS / MSAXIN A& , %
SMRIEIT R S

2.4 FHiEFER

L JE PRI - 3 IR A X IR T Y & s 1 oy
BERE,RATSAHRER LTI, T EER T IF
WE 1,

Wi NEAFL o5 1L / 9%
100 7

501

{ﬁu nm AmA Ah

L t/ min

160 2.60  3.60 460 560 660  7.60 860
E1 36HERARAEREAVNBERBENEEFRE

Fig.1 The TIC chromatogram of matrix mixed reference

solution of 36 forbidden and restricted pesticide residues

LR ME 5 2 T 5 TR I BR A 5 « LA KT B 2 T
WL (X, ng / mL) A AR (TR AR (Y) AP AR AR T4k
PE 15 45 R 9585036 R o i W B2 AE 4. 5 ~ 60 ng / mL 3y
Bl PN 5 W T AR e M DG R R4, LAt 35 A il e o3 ot
WETE 1.5 ~ 20 ng / mL 5 Bl N 5 W i AR 2R ME o R B4
(22 0.991) ; AULA 1A 5 B A s AR M L (S / N)
301 TR R R 5 5 WL 3.

A T A 3 6 FORE 25 BE 56 < BT B AR a2 1 3
JERESRI AR 5 g, 4% 2. 200 7 i il A5 A A VA T, s
TRAX BB IRW IS L1 - L2 R, AT 6 ) . 45
HRLSF B[] 22 K 73. 25% ~ 102. 83% , RSD M 1. 59% ~
9. 74% (n = 6) o HUL6 T 1 1% J3E 114 36 TR 6 % B VA A
T SRR A 6 UK, 45 45 1 I B 43 0 TR FR Y RSD R
1. 18% ~ 9. 56% (n = 6) . ER 554 25 & % 5 45 AT
BIRETR T R ZLR LR 3,

2.5 RHBBRBENE

K UPLC — MS / MS 35X} 32 ib 5 B2 RE 5 (74 25 5%
B UEA T A, 45 R 3 HEAS AR AT 21 HEAS H 2
R, ISR HA ntk spbk, 8 FHEAG: H ki 52, 2 HHAG: H 26 g
PR 2o A KPR 3 PRI AR IR R 45 31 FAe 2
EEYIARKG TN 4.

3 itig

T, H T 25 bh A 25 5% B i 09 Rl 7 45 GC
Lo M m AU 6 % s (UPLC) 70 UPLC - MS/ MS
PRI HR BT (GC - MS / MS) ¥ -1 4R
i, R H UPLC — MS / MS A I Bk 2w ntk A obk % 4
N 10% , GC — MS / MS 3L A ok Kz 25 70 B8 Ay A 13 232
H A1 T% R R RS H R AT 20912 - 30 I AHE
% H RS HE 3 AR 5 HR i B UPLC — MS / MS 3 [R] st
X} 75 Bz v 30 A A 25 R0 6 Fi B FH A 25 5% 51 e R A TG
W, ELAy AT Bt e e % e i RO R, o T
A 25 5% B 1 HRER  A K H R R
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R3 36TMERAKZUPLC -MS/MSEFEFERER
Tab.3 Results of the methodological investigation of 36 forbidden and restricted pesticide residues by the UPLC - MS / MS method

elEbEH SHER BER mkE)  HEERRY BiFE SREE BUR @RE%)  HEEERS
A5 Jk ! B T— A5 RAEE ! E —
(ng/nl) (ng/ml.) (pelke) X RD - RSD%) (ng/ml) (ng/nl) (pglky) X RSO RSD%)
I TRE F=6094.20 X+2407.79  1.5~20 0.9 0.0209 96.23 1.9 24 19 5 V=811.60 X+99.734  15~20 0.9% 0.5919 9375 4.50 33
1 REE F=1795.41 X-387.619  1.5~20 0,997 0.3462 9435 5.2 3.9 0 ARA V=ITLI3X-325.338  1.5~20 0.999 17625  9.60 2.02 118
3 REER F=1384. 19X+ 148771 15~20 0.9 09550 9115 3.67 3.3 A RRAR V=470 X+ 171898 1.5~20 0.995 0.287 93.92 §.33 25
4 REBIA F=197.56 X+11.5006  L5~20 0.9% 23892 9425 6.73 5.4 0 BRRAZA V=493.968X+260.35 L5~ 0.9 01082 8.4 423 4.69
R =2313.920-642.80  15~20 0.9% 0.23%67 9.8 3.97 1.83 BE V=128.07X-183.305  1.5~20 0.997 0.3056  88.83 5.6 3.02
6 BEH F=5200.81 X+5792.17 1.5~20 0.99%8 0.829  95.92 9.7 354 U RRE V=915 28 X+ 15240 L5~20 0.95 0.5693  %0.05 6.77 5.40
T OLER I=5005.420-334.20 15~20 0.9 02172 9.3 2.3 1.56 5 REH F=2763. 18 X+621.289  15~20 0995 13453 80.43 322 1.8
§ 3-AEATA F=S600.858X+200.727  15~20 0.99% 1722 9356 7.21 0.48 2% BTHREA V=107038X-704583  15~20 0.995 0.8158 100.18 7.89 5.01
9 BERE F=2674.95X-881.796  1.5~20 0.93 0.0828 99.31 4.9 5.06 MOBTHRELR V=0504550-35758  15~20 0.995 15694 100.05 4.05 0.88
0 PRE P=T54.751X-33.065  1.5~20 0.97 0.8133 87.50 7.3 3.84 B KERE V=344.084 X-61.5671  1.5~20 0.91 3.4615 10283 8.15 1.4
I asr F=30.59 X+173.854  15~20 0.9 0971 9.4 7.15 9.56 A V=4046.07X+54.2524  15~20 0997 0.3694 95.33 §5.34 1.65
0 REH I=5970.32+583.943 1.5~20 0.997 0.19%2 9250 47 1.67 0 FARRE  T=6459X+2669%5 L5~ 0.9 0806 0.8 413 7.63
13 Aus T=6T4L.52X+ 940716 1.5~20 0.998 0.2775 9270 417 3.91 3 RAEE V=29.8451 X-49.8298  4.5~60 0.993 8.6594 8.60 2.28 578
14 PEE I=1175.80X-106.462  1.5~20 0.997 0.3786 9437 7.12 419 LA V=762 811 X-10L551  L.5~20 0.998 0.3670  97.40 2.5 354
15 FHEZA r=163.9 4433468 L5~ 0.97 LISI3 9LT3 417 .64 B SR V=43548.6 X-4168.36  1.5~20 0.997 0.0219 7325 1Y Ay
16 FHER F=1103.84X-392.62  1.5~20 0.9% 3.0138 9157 8.03 3.06 Mo gEE V=189 188 X+31.6756  1.5~20 0.997 15062 8412 5.23 6.0
1T BEE F=510.417 X-165.077  1.5~20 0.9 1.3922 100.37 5.22 4.01 3 wEAR V=4276.49 X-381.87  1.5~20 0.99%8 0.2083 73.97 2% 3.68
18 R V=2406.71X-715.189  1.5~20 0.9% 0.3330 93.97 5.26 28 3% A4 V=911702 4430298 L5~20 0.997 0.6393 9200 400 Ay
4 RNBEHSPERARGSMREE REE WA

ERXKBERE
Tab.4 Detection rates,residual volume,and maximum residual
limits of forbidden and restricted pesticide residues in 32 batches

of Citri Reticulatae Pericarpium Viride samples

B RELL EEE(%) KEE(mglkg) RAKEERE(mg/kg)
[T 3 46.88 0.006~0. 133 1.00
2 SRR 65.63 0.001~1.535 5.00
3 B 6.25 0.09 0.50
4 R 25.00 0.002~0. 074 2.00
5 AR 9. 88 0.002~0. 674 1.00

K H QuEChERs J7 V5 X 1 B2 FE b i A TRTAL2E , 55—
IR K LI, By WK S B Bk, B i [RLISCR % 1R
FINEEICOy 1 1 38 PR S BN AR PR S0
T2 AR B, [t in A S AR AR s £8 47, B 1k FL Ak . 2

HERIUR SRR TP A R 2 0 R0 B AN
FRRME K EOEARR, Rt T, k220 F
QuEChERs ¥ L B BT 1L, bR 5 K (0 % M5 &
T, S5 AR AR TSR T BRI FE A 25K

24T KRR T, 30 R AR AR 254k G R A
6 T BRI A 2516 A WA H 5 B 3040 RE i A 2 [R) IRHAG: 14
SFPBR A 254k AW . 2% 2020 4R E 24 8 (PO ) )
W 0212 2= R MEEERRE  BihhRYg
TR RBR BR R )14 rh K SR AT B A 105, 45 R
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ARG AL R A i (5K 96. 88%) AR )T

T A ORTE T B b R SR Ao rh Al R 8, 3R B

0. 002 ~ 0. 674 mg / kg, 22 55K, AR M HE 9%

FBREE1.00 mg/ kg, (HAAFE —E LB o F4T]

WL EESEMR 2R R I BB AR ) ER R (B 24 bR

I T AH DGR B R, AR T B

AHIF Y T S vk TR R | R R S R

151, B A B R 22 Fh A% B FH A 245 1 5 B o

S Hk
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