H15% 5517 B 2 4 T iR A Vol. 15 No. 17
2024 49 A Journal of Food Safety and Quality Sep. , 2024

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20240523004

(mm

QuEChER S-1= &80k AH (i - R VUM AT /i Ha s
BRI ES 2 HE T v RIS g 7K =
62 Flefe 2y 5%

" * . o
MR Y, AW ARE

(1. BT & 2y A IR 5T Be, B 264200;
2. BT E S EY RV SRR BN SR, A 264200)

I

# ZE: BEY 57 QuEChERS 4G iR AH 2135 - 53 ¢ DU B A/ FL S 301 B 55 43 W 50 3595 (high performance
liquid chromatography coupled with quadrupole/orbitrap high-resolution mass spectrometry, HPLC/Q-Orbitrap
HRMS) PR i 7K 7 it o HY el . S 080 =Mk | 7Y AR U 55 62 FVR AR i vk . Fisk #F
ER A 1% H R Z M /K AR, 300 mg N-N %2, — i (primary secondary amine, PSA)FI C g 438O B 5117
Hefk, VAR S 5 456 HPLC/Q-Orbitrap HRMS S/ e E REIE . 45R 62 FR 21— i VR
VB PN S RGP AR MESE 2R, MISCRH P IR T 0.99(HI LR SEIERR AN, JriksE R (limit of quantification,
LOQ)N 2~10 pg/kg Z[i] . FERZERE, FISEFIXER . B UL 3 R iirh, 235k T 1 /% LOQ. 2 fif LOQ Fl 10
LOQ 3 AM/KFEhbmike, 62 M2 L) 3 FhEsIACH BRI 510 61.4%~112.4%. 63.7%~119.6% .
66.2%~113.5%, HIXFARUEMRZE AR 2.1%~16.5% . 2.6%~13.4%Lh I 2.7%~15.2%. LT IFN LR, K
SR BTRRX T B 5 P16 RS DLAT B SR B RE TR0, Herh 51.2%A0 G IR I 55 AL TR0, 46.8% 651 Bk o
TR o FHZ 5 X G h 30 SRR M AT AR 2G5 B ORI, S5 RIS HOCGEETRE A 2 R
SE NIRRT I AR 295K B AL G 0 E SR BREERV AR R BOR S, IAnP EhEe . FhEg . BRI, TS
R AR B A O R BT, S B YRS T R A AMASCHRERR B . 8538 ZAFST AT DALPRE | HEAf b
R £ A it R B AR 255 B AL ), R A I IR B T T IR S

KRR o RO (1 - R I DU R/ H 37 0l B v 23 B 035 QUECKERS; 2 K™ fih

Simultaneous determination of 62 kinds of pesticides in aquatic products by
QuEChERS-high-performance liquid chromatography coupled with
quadrupole/orbitrap high resolution mass spectrometry

ZHANG Mei-Chao'*’, WANG Xiu-Li'?, ZHOU Hong-Xia'"

(1. Weihai Institute for Food and Drug Control, Weihai 264200, China;
2. Weihai Key Laboratory of Food and Drug Quality Evaluation and Technical Research, Weihai 264200, China)

EBEVEE: TR, Wid, TRE, REMRIT R NL 2R, E-mail: 965361047@qq.com
*Corresponding author: ZHANG Mei-Chao, Master, Engineer, Weihai Institute for Food and Drug Control, Chuangxin Road, Gaoxinjishu
District, Weihai 264200, China. E-mail: 965361047@qq.com



84 B il 2 A iR AR U A 4 5515 4%

ABSTRACT: Objective To establish a method for rapid determination of 62 kinds of pesticide residues such as
methamidophos, chlorpyrifos, triazolone, simazine and deltamethrin in aquatic products by QuEChERS high
performance liquid chromatography coupled with quadrupole/orbitrap method high resolution mass spectrometry,
HPLC/Q-Orbitrap HRMS). Methods The samples were extracted by 1% acidified acetonitrile/water, cleaned-up by
300 mg primary secondary amine (PSA) and C;g. The supernatant was concentrated using nitrogen and qualitatively
and quantitatively determined by HPLC/Q-Orbitrap HRMS. Results The 62 kinds of pesticides showed a good
linear relationship in a certain concentration range from 1 to 200.0 pg/L. Except for chlorpyrifos-methyl, the
correlation coefficient r? was greater than 0.99. The limit of quantification (LOQ) ranged from 2 to 10 pg/kg. In the
turbot, shrimp and scallop, spiking experiments were performed at 3 levels: 1 LOQ, 2 LOQ, and 10 LOQ. The
recovery rates ranged from 61.4%-112.4%, 63.7%-119.6%, 66.2%-113.5%, respectively, while the relative standard
deviation values ranging from 2.1%-16.5%, 2.6%-13.4% and 2.7%-15.2%, respectively. In the matrix effect
evaluation experiment, 51.2% of the compounds in turbot showed weak matrix effects, while 46.8% exhibited matrix
suppression effects. Compared to shrimp and scallop, turbot exhibited a stronger matrix effect. The method was used
to determine 30 samples from local market. The results showed that there were 5 turbots and 2 scallops that had
pesticide residue compounds detected, mainly herbicides, insecticides, fungicides, €tc., such as simazine, prometryn,
chlorpyrifos, deltamethrin and propachlor. Through quantitative analysis, the concentration of each compound was
lower than the relevant standard limits both domestically and internationally. Conclusions This study provides an
effective method for rapid and accurate detection of pesticide residues in fish products, offering strong technical
support for food safety monitoring.

KEY WORDS: high-performance liquid chromatography coupled with quadrupole/orbitrap high-resolution mass
spectrometry; QuUEChERS; pesticides; aquatic products
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Fig.1 Chromatogram of 62 kinds of mixed pesticides standard
solutions with Accucore aQ chromatographic column
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Fig.3 Effects of C;3 and PSA addition on the recovery
in fish samples
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x1 2 MLAMHMLER, BHEREH. RENBREARPEMETTE. HXRHK. LOQs REIUNE
Table 1 Molecular formula, accurate masses, retention times and the correlation coefficients, linear ranges, LOQs and
recoveries of 62 kinds of compounds

. N —RE v e . s
i sy owrme HETRUES Capneam o K o Loos (RN
iz O OIPEEIEIAE  mm iz BB pgL)  Amgke)  /min
(AnVz)/ppm

KT 2 Y=2.00x10°X-1.06x10° 207.07979 -1.256 89.0419, 132.0477  0.9975  2~200 2 5.14
PHRE D Y=1.11x10°%X-9.17x10° 213.06682 -2.367 89.0419, 116.0528  0.9959  1~200 2 8.21
WHRBMN a  Y=1.02x10°%-3.55x10° 223.07470 1.369 86.0600, 148.0426  0.9983  1~200 2 5.51
FIZERTZ b Y=2.35x10°X-1.49x10° 895.48143 -1.521 183.0624, 240.1121  0.9953 10520 10 11.73
ZWRa  Y=6.74x10°%X-2.10x10" 192.07675 2.476 160.0505, 132.0556  0.9967  1~200 2 6.54
TR b Y=6.32x10°%X-1.16x10° 230.11515 2.311 95.0491, 152.0706  0.9959  1~100 2 8.92
Bl a  Y=8.80x10°X-3.43x10% 528.07799 1.113 218.0423,203.0188 0.9976  1~200 2 10.91
LRk a Y=1.98x10°%X-5.89x10° 294.13677 0.367 70.0399, 125.0152  0.9904  1~200 2 10.17
HE T Y=4.68x10°%X-1.68x107 356.24315 —2.687 177.0910, 119.0855 0.9930  1~200 2 11.33
FHMa  Y=4.67x10°%-8.67x10° 212.08367 —-3.410 170.0367, 94.0651 — 09964 1~100 2 9.53
TRNIRIE a Y=1.68x10°%X-8.00x10° 342.07706 —2.048 158.9762,204.9817 0.9908  1~200 2 10.79
Pitifra  Y=1.32x10"X-2.46x10" 214.11209 1.591 124.0871,96.0556  0.9965 ~ 1~200 2 8.97
WEZRIAME 2 Y=8.46x10°%X-8.77x10° 202.04334 1.085 175.0325, 131.0603 0.9974  1~200 2 7.27
LEF R a ¥=9.96x10%X-4.02x107 184.01918 0.937 142.9926, 112.9996 0.9968  1~200 2 3.89
¥ a  Y=1.67x10°%-8.77x10° 270.12553 —1.255 238.0993, 162.1277 0.9947 1~50 2 10.45
FRifra  Y=1.34x10"%-2.35x10" 228.12774 —2.347 186.0807, 96.0556  0.9956  1~200 2 9.57
WA I a Y=5.66x10°%X-1.42x107 404.12410 —-1.249 344.1039, 329.0794 0.9973  1~200 2 9.78
EHE e Y=7.81x10°X+2.26x10° 224.09173 2.337 109.0284, 167.0702  0.9952  1~100 2 8.77
BERAGME b Y=1.67x10°X-8.77x10° 445.11526 -3.102 181.1011, 166.0777  0.9981 10510 10 12.08
BEWEM] 2 Y=9.73x10°X-1.34x10° 306.16346 0.159 201.1056, 116.0528  0.9915  1~200 2 11.25
kR a  Y=3.34x10°X-6.43x10° 271.09498 0.837 158.9697, 130.9384  0.9946  1~100 2 11.00
HZEE a  Y=6.15x10°X-1.42x10° 202.08626 —-0.974 145.0647, 117.0698  0.9953  1~100 2 9.10
3RITEE L a ¥=8.92x10°X-2.61x10° 238.10738 1.226 163.0753, 135.0804 0.9942  1~200 2 7.42
WEHE A  Y=3.36x10°%X-1.44x10° 222.11247 2.216 123.0440, 165.0910  0.9908  1~200 2 8.78
EFERa  Y¥=6.00x10°%-2.29%10° 236.07398 -2.654 143.0163, 93.0573  0.9946  1~200 2 9.07
FHPka  Y=4.08x10°X-1.45%107  197.08400 ~1.325 117.0573, 125.0152  0.9987  1~200 2 6.82
FIEM 2 Y=1.34x10°X-5.61x10° 349.93356 -3.356 197.9274, 114.9614  0.9956  1~200 2 11.50
FIIEFEAEM ¢ Y=2.09x10°X-3.76x10° 338.92881 —1.249 142.9926, 289.8760 0.9880  5~200 10 11.08
MEHERE a  Y=2.09x10°%-1.15x10° 363.02174 3.216 226.9926, 306.9591  0.9927  1~200 2 10.79
B a Y=1.17%10°%-3.63x10° 220.95318 0.465 127.0155, 144.9817 09936  5~200 5 8.78
LE a  Y=8.48x10°X+7.65x10° 268.15433 —-0.567 180.1019, 152.0706  0.9967  1~100 2 9.81
EFa Y=2.39x10°X-6.04x10° 230.00690 2.135 198.9647, 170.9897 0.9928  1~200 2 7.45
RABBEa  Y=1.31x10°X2.10x10°  367.99414 1.004 182.0003, 139.0059 0.9924  1~100 2 10.88
FRiEa  Y=7.23x105X+9.88x10° 299.06138 0.659 129.0447,95.0491  0.9916  1~100 2 10.83
FIEMERERE a2 Y=7.60x10°%X-1.02x10" 306.10358 —1.549 108.0556, 164.1182  0.9913  1~200 2 10.84
ENRE Y=1.54x10"X-6.29x107 242.14339 —2.067 158.0494, 200.0964 0.9959  1~200 2 10.04
BB a  Y=5.05x10°%-2.02x10" 189.15975 2.169 102.0549, 144.1019  0.9976  1~200 2 477
FEAELD  Y=4.61x10°X-2.27x10° 232.09441 1.364 111.0440, 168.0655 0.9978  1~100 2 8.73
MERTHE 2 Y=3.09%x10°X+4.29x10° 299.06138 1.006 147.0552, 163.0324  0.9933  1~100 2 10.69
0 JEE T a Y=1.72x10°%-6.83x10° 395.14891 -2.364 213.0910, 192.0781 0.9971  1~100 2 10.49
PihH a Y=4.59x10°%X-2.08x10° 202.08540 —2.168 132.0323, 104.001  0.9951  1~100 2 8.87
LR R a Y=2.86x10°X-1.62x10° 343.05292 -1.225 151.0324, 311.0267 0.9957  1~100 2 8.69
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— I a Y=1.72x10°%-4.52x10°  294.10038 —-0.667 197.0727, 141.0101  0.9909 1~200 2 10.15
“MEEE A Y=1.23x10°%-1.27x10° 314.07228 0.927 162.0661, 119.0603  0.9934 1~200 2 10.25
BMEHRa  Y=1.07x10°%-4.14x10°  256.92985 2.397 127.0155,220.9531  0.9949 1~200 2 7.29
WEME 2  Y=6.17x10°%-2.63x10"  297.05560 -1.039 158.9762, 255.0086  0.9960 1~200 2 9.30
SN a  Y=1.25x10°%X+1.06x10° 194.11756 -0.224 97.0491, 137.0960  0.9936 1~200 2 9.39
IKAERE b Y=1.92x10°X+1.84x10° 897.49708 3212 329.2075,457.2530  0.9957  5~100 2 12.09
RIS a  Y=1.74x10°%X-1.52x10° 331.04334 2.116 99.0076, 127.0389  0.9944 1~200 2 10.09
AR a  Y=6.99x10°%-1.41x10" 280.15433 -0.826 220.1332, 192.13829  0.9927 1~200 2 9.47
HeBEa  Y=7.60x10°%-1.02x10" 142.00861 —0.659 124.9820, 109.9822  0.9982 1~200 2 3.09
AIMED  ¥Y=6.45x10°X-2.90x10° 324.95108 3.216 85.0396, 145.0066 ~ 0.9977 1~100 2 9.69
KREZWa  Y¥=9.64x10°X-8.90x10° 163.05357 -2.664 70.0499, 90.0011 -~ 0.9974 1~200 2 4.48
HKBEa  Y=8.73x10°X-3.58x10° 225.05225 -1.367 127.0193, 193.0257 -~ 0.9982 1~200 2 7.98
AW 2 Y=1.75x10°X-7.66x10° 224.06824 1.384 127.0154, 98.06004 - 0.9984 1~200 2 6.67
FURHa Y=3.05x10°%-1.00x107 214.02974 2.283 142.9926, 182.9875  0.9977 1~200 2 4.63
IS @ Y=2.42x10°%-9.24x10° 277.01502 -1.206 142.9384,170.9697 - 0.9915 1~200 2 9.30
FURAEEE  Y=3.04x10°X-2.51x10° 437.16234 -0.633 125.0152, 167.0622  0.9962 10520 10 11.70
TREHEER ¢ Y=2.50x10°%-2.18x10° 521.00590 2.642 278.9009, 171.9880  0.9977 10520 10 11.66
il a  Y=1.20x10"%-5.72x10" 239.14974 1.369 72.0443, 182.1289  0.9956 1~200 2 8.27
FAHME ¢ Y=7.36x10°X-4.92x10°  469.19335 2.006 199.0929, 157.0459  0.9967 10520 10 11.39

TE: R a RGN M+H], b 2R G 75 AN [M+Na]', ¢ R G 77 3O [M+NH,]

252 ABHKE

%E‘i‘%{ﬂj(matrix effects, ME)ﬁﬁﬁﬁi?’fﬁﬁiﬁ?ﬂUﬁ?*
R EE 2 A B, H v R I 201 43 W7 R Sl ol ) i sl A e e v
H bR P 15 5 1 5 S — 2 B [ P Y ME/%=[(FE R
DL FC s o g 2% 10 Ak 2 51 o o g 2 0 2R )/ 790 s A il
LEHIRIR]x100% . MEAEAET20% RS, ME
{EAF-20%~20%2 8] 55 Fi Al ; ME B T 20% K355
WAL P2 BT A I T SRR R 101,20, 50,
100, 200 ng/mlL 9 4f A 731 F1-E PR 35 o0 7 V0 P FIbs o R 2%,
WE 4, M4 ME T3, 0T AR HAE RSEMEIER T, A
51.2% BRI B ME(FE-20% % 20%Z

65.8%
70 63.1%.
= 60} 51.2 KRR
= L 0,
l§ 45;8 4§?§A, # 3 FXTHE
17 40F # Fp I
= 30| °
£ 2]
0,

= 18- 2_.6?/3'“]. o

<20%-~2
HEJFR

<-20% >20%

4 6B 20 A AE K™ bl R BN,
Fig.4 Matrix effects of the 62 kinds of pesticides in aquatic products
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Table2 Recovery rates and precisions of 3 kinds of matrices (n=6)

e K 5] 1 4 /% K% 1%
1LOQ 61.4~108.2 3.2~16.5

Kb 2LOQ 67.6~112.4 2.1~10.3
10 LOQ 78.2~106.0 5.2~14.2

1LOQ 63.7~116.2 2.6~11.5

ZESEROL 2LOQ 68.5~106.3 6.1~13.4
10 LOQ 75.1~119.6 43~12.4

1LOQ 66.2~107.3 2.7~15.2

B DL 2LOQ 74.1~113.5 3.5~10.7

10 LOQ 78.9~105.2 53~11.2

#3 ELPRERENEER (ng/ke)
Table 3 Result of actural samples (pg/kg)

Fo  JORBT JCEEY 6T ST et A ML
1 2 3 4 5 MR 1 XJHF 2

PEEEE 102 / / / / / /
FPRE / 3.7 / / / 5.2 /
WA / / 156 123 / /
BRI / / 5.6 / / 43 /
REAE / / / / / / 42
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