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Contamination characteristics, dissipation pattern and detection
technology of pesticide residues in Pyrus spp.
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ABSTRACT: Pyrus spp. are cherished by consumers for their unique taste and flavor, which has led to their
widespread cultivation and consumption around the globe. Pesticides, an essential input for Pyrus spp. production,
are vital in the prevention and control of pests and diseases; however, they also contribute to the issue of pesticide
residues, which has emerged as a significant concern affecting the quality and safety of Pyrus spp. products. This
paper briefly described the registered and commonly used pesticides in China’s Pyrus spp. production, analyzed the
contamination characteristics of pesticide residues in Pyrus spp. both domestically and internationally, discussed

recent findings on the dissipation of pesticide residues in Pyrus spp., reviewed principal analysis techniques and
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recent advancements for their determination, including sample preparations such as solid phase extraction, dispersive

solid phase extraction, multi-plug filtration cleanup, and array-thin film micro-extraction, as well as analytical

procedures like triple quadrupole mass spectrometry, quadrupole-time-of-flight mass spectrometry, surface-enhanced

raman scattering, and immunoassay, and offered current shortcomings and future research recommendations in this

field. This review aims to provide valuable references for ongoing studies on pesticide residues in Pyrus spp.
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Table 1 Pesticide active ingredients registered in Pyrus spp. of China
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Table 2 Some pesticide varieties detected and exceeded in Pyrus spp. in China
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Table 3 Dissipation pattern of different pesticides in Pyrus spp.
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Tbale 4 Examples of pretreatment and detection methods for determining pesticide residues in Pyrus spp.

FE LI SHHTY Nk spne PR RSDs LODRLOQ g
% 1% /(uglkg)
10 mL 1%Z. R -Z. )15 MR BGR
F1 34 # ’ - 3~109. .3~10. . 5.
e Fhe 2y S UL PSA d-SPE ik GC-MS/MS  83.3~109.4 1.3~10.8 LOQ: 5.0 [14]
20 mL Z i ARG, SI3R4RER, LOD: 0.9~4.6
F } ~ - - 0. .
A4 22 Filife 2y R, UPLC-MS/MS  71.4~106.7  0.7~9.9 LOQ: 3.0~15.4 [16]
] 20 mL ZJiE M HEBGR, 513 HEEL
F1] 21 2 > ’ - 4~ . .9~6. 2 0.2~2.
A R ML A 2 PSA d-SPE 1k GC-MS 85.4~100.4 1.9~68  LOD:02~2.6 [18]
10 mL 0.1%Z. B&- 25 A3 BGH,
SFE ; - ~ ~ : ~
A 31 Fie 2 U AL, PSA+C d-SPE HF HPLC-MS/MS 75.0~111.5 0.85~6.7 LOD:0.25~25 [32]
50 mL Z i ARG, RS HEI,
A 19 FATHLAUKZS  NH, SPE RE[HEE- 0k GC-MS  86.1~108.9  4.0~9.5 L%)%]-)ig'g:gboo 58]

(1:19, VIV) eI 144k




172 b A T A A 16 %
T 48
FER LT i HTAbER i sy R RSDs LODRLOQ gy
1% % N(ug/kg)
. ETME . MEUREE. 20 mL Z A5 MAREGH], AR HEL, GO-MS/MS 0-111  0.82-1.18 LOQ: 100 [59]
- SUERMERI UMM B PSATGCB d-SPE i+t ’ S e
10 mL Z i R RG], #E 7S 4 , LOD: 0.1~4.0
1 MV B
B RN 9 Fife 24 Rl UPLC-MS/MS 61.7~116.5 0.7~18.9 L0Q: 10 [60]
10 mL ZJiE R HEHOGR, Rz
L OREASER 15 R 2 K B NH, SPE A [ fE-—&HHE  UPLC-MS/MS  80~112 5.5~16 LOQ: 5~10 [62]
(5:95, VIV) e 1444k
10mL IF S 4e 1 5 mL Z g -7k
. . (5:5, VIV R IRHGR, 4R 7% $2H, LOD: 0.2~0.3
FJ At 22 I _ ~ .
B4 6 TR VER A P PSAH I 2 HiS) 245 d-SPE HPLC-MS/MS  63.9~113.7 1.0~22..2 LOQ: 0.6-1.0 [64]
e
20 mL 1%Z BR-FF #E(95:5, VIV)
AL ZhiER B HIEWET  HIREGH, JR%1REL PSA UPLC-MS/MS  78~99 <52 LOQ: 5~10 [65]
d-SPE 1k
HERL, HiE . a0 10 mL Z 1 R HEI0GR], R I,
i 99 Flife 2y PSALC,y d-SPE Ktk GC-MS/MS 70~120 0.3~20  LOQ: 10.0~25.0  [66]
10 mL Z i RG], R HL, LOD: 0.01~1.62
F1 F _ N -
L 16 Flife 2 PSA d-SPE Mk GC-MSMS  785-98.6  38~114 05 002 549 [67]

A E - B T 15 (gas chromatography-tandem mass spectrometry, GC-MS/MS); 1= S IBRUAH €211 - 58 B Ui 5 (high performance
liquid chromatography-tandem mass spectrometry, HPLC-MS/MS); # & 24 ¥ A1 €& 3% - % B¢ i % 7% (ultra performance liquid

chromatography-tandem mass spectrometry, UPLC-MS/MS); A {4ii% =

-Jftik % (gas chromatography-mass spectrometry, GC-MS); AHXH5

WA 2% (relative standard deviations, RSDs); i it FR (limit of detection, LOD); & FR(limit of quantification, LOQ),

BT LdRrdk, —Sp B ar b B R A8 T &
JEFINIH, Wb i B4 Ak (multi-plug filtration cleanup,
m-PFC) 1 [ 41 30 W B [ A 3 4 B (array-thin - film
micro-extraction, aTFME), m-PFC 3l PSA FllZZ BERR 44K
BRI, R R SIS A m-PFC /M i,
e Bl R S A 2 /NEE, PR M B (R A TR
FHFBL45 12 Fh SR B8 2L I v 234 Rl 24 5% f g AL IS T3
R, HSRERL AR R IFE 10 min RAPY, LGRS TE
73.2%Lh 110 aTFME 1244 BRI - SR 50K T BbA RHE
R R 790 2] 7 PEAN A R R AT 45 B @ TFME W, EEE
TRFE W R BRI AR 2, 2 S - WK (17:2:1,
V:V:V) S BRI A, 13 Bl 251 DGR B 7E 70% )
o AR IR, Sy BRI T Ik, R,
AT FHE B AL R T T 96 1), JF Hisi 2 F g
Ve T T A M, IEIROR &5, iHAh, SHIRANI
UGS BT —Fh i HERE RO b = R FUREICHE Y NiFe,04 44
KRLT, B RGBT AR A IO B b s S B FISY:
SRR 15 FRZGERE, ZREERINE . OIS R A,
R AT 92.5%, LOD fIRZ 0.065 pg/kg, J7 ey, R
KEMMERICH 45UV 47— 45 25 BRI (3 A 53 iR AR
(balls-in-tube matrix solid phase dispersion, BiT-MSPD)(/¥] 2),
EHFRL. B SERFZET 4 Mok RILTT 133 R 255k 8
MZEBOAL, ARSI AL B HES 25 ming ML TAE4E
[ MSPD, ZH AREEAE SR, FEI S, Ao 50 o
A2 mL), (SR L (RR = 72%)

2 mLZ i
0.5 ghfiils
“a

TJE(] min)
FoREE FEFEHRI(15 min)
(1 min) Bl
(3500 r/min, 8 min)
i I
\ :.:_- 9 ,;_.

Kl 2 BiT-MSPD Jj iR E)
Fig.2 Scheme of the BiT-MSPD procedure!’!

4.2 ®WMDHTFEE
42.1 &5 RET %

RAFNRZ, BHZrE, b am | e SE B AR e
WAFAEBRINE S, W B AP A2y 5k B AT A DI, 2 T
FRIA 2 PERT . A ISR IS A F S 2 TP IN R, e
T E AN 7 o GCBHTVRT HPLCPOZ R F AL rhofe 25
FRE RN R RTIEZ —, ENRA MG, B H4E
PRI ERAR IR, (PR XA il B AL BEEOR , REVERE B,
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Bl A BT A RS R R, = I AR R B3 (triple
quadrupole-mass spectrometry, QqQ-MS)5 GC. HPLC &
UPLC BXHE AL AR 2558 B A T R AR (£ 4), &
TR FEAR 25 MR IE B -7 B 5 5, 8 2 0 i
(multiple reaction monitoring, MRM)#=,, W[ sSZBIX} LKL
e 25 5% B 0 ) A6 e oo br o i, AR 45U ST T
FAGM 7 Fhge =S R RE L N, £ A
PELLAR ) 143 Flufe 26 K HAC I GC-QqQ-MS ik, 78
A MRM BT, i R T Bom iy IR
(RTZET 84.1%) FIHE 2% ) (RSDs < 10.4%), LOD 1 LOQ 43
4 2.0 pg/kg F 5.0 pg/kg, M HEEE 52 BRI #E A3 AT
30 min, P . ATEE . KEMMERICH Z17DR
UPLC-QqQ-MS &3 T —2F [FB KA s 170 Fhfe 25% &
W9 J5 vk, ARAS T R0 AR B (181 = 70%) FORS 25 B
(RSDs<20%), LOQ A4 2.5~10 ug/kg, JHIT M BT 4E 7017 F)
HECTEEL Y AR S, IR 21 Rk sk, &
HTE 3.3~1427 pg/kg 200, QqQ-MS thJ& Fk [F — b ff &
S [ F bR R B R, EATORA GCoE
HPLC-QqQ-MS #iAR, SZBLT Z4SEMH YR & M 421 Fh
AR 2y B A R RGN T4, S AL 20 4 WA R T
A THEARGRE ., A5E, QqQ-MS FFET HEAA A BRI,
B UGE T A, TC ik T AR A 24 B 43 R A

VU #1 - K AT B 8] 5 3% (quadrupole-time-of-flight MS,
QTOF-MS) HAT i/ HEe | i RS B AR o, Sl g iies
SOAFATRE AR T M BRI B BT, T P A 24 Ay 08 )
AN A 25 B O [ 05 2 . MUNARETTO 25 °5R
HPLC-QTOF-MS #iAR, @y 1 ARl 152 Fhfe 24 fii5 4
Pty rids, o 132 Fh EARYIARAT T B AR B (Rl
& = 66%) FIKE % (RSDs<20%), LOQ N 10~40 pg/kg,
T VG R AT M T AR R A, AR Rt 2 R W
TR e ORI LR P R 4 RhR AR, SETE
<LOQ~158 pg/kg ZIH], iZJ5 Wil 8k it A T30 R M 45
BRI E . CHENG 20858 57 7[Rl A 20 i BL b 104 Fif
25 R s 4y GC-QTOF-MS 7745, LOD ik % 0.02 pglke,
SHFREAFEA TG, Brsm. B, wde, 752 il
INZR | AE R HEAIRE S EFT IR AT, K Hh A TR L R
SRS TR AN A Tk FH PR 4 FhofR 258 B8 0 ik FH TR
T BOUR, B3 AESEREAES I E, wBS T
W6 B 45 S L I Ah, GKOUNTOURAS 25U775% FiY 5 ek 14
AL B 1 B/ B 37 %008 B 53 (linear trap  quadrupole/
Orbitrap MS, LTQ/Orbitrap-MS)F; A, XJHLEE 82 Rl 5
ai b 30 Al 2y A TRE m S, 7k R LOQ Sk 1~20 pg/ke,
FH T B 2 4t 717 3 FRR T B4R S AN, S R W TR R e L I
WA PRI BT 3 RlR 2GR B, i 3.2~80.6 ng/kg. filf]
W2 FRZHEAR XS 355 R4k & Wridha 7] BEdfi A, JLifiAr

71 T BEAR 2510 A o R R v A PR ELA SRR
Mo RE T, AR AR R o, B s B ot, X AEAR
KRR EBRE e R
422 HAAew oy ik

YU ZETSHEE T — e 4 A AL R0 A= B e i
RGN EBEEUE E, FHTXIBURR s 3 Fh
AR 2GR | SO ORI U A R A A, ik
R TTEE, MIARIESCRAE 80%LL -, LOD[LA 10%41 il #e i
(10% inhibitory concentration, 1C,0)F/R]A 3.2~22.4 ng/kg,
ShA 7 il A MU AR 25 BRI T —FoBi . WANG
UM T FEMLE B IR 2 B IR I S KR
VR IRAG L, BT A AR 45 A 0 LA AR R AR R
B, BFE T —Fh R LAY 2 W8 58 B 2 %5 (surface-
enhanced raman scattering, SERS)A%3& it R4 8%, FH T34
FREESEM AN, LOD FIik 0.066 pg/L, Jiks [ R 1E
85.4%~91.7%2 i), 5 HPLC-QqQ-MS #: il && JHeA —2
2T R R 3 TRl 7K bl B ARG, A 7= i
IR R B SR M A AG ARG T — Rl B, ILAh, A
SERS AR M FF B a8, S T 85 = 2
B, JrEEICR KT 80%, LOD 2 20 pg/LPY,

s kAL S5 B RL A ) AL 9K B R IR BIOC IR, B
2 BB AR IC W5 8 R RS S ORIEH, &
ST A BAR AR W) R -4 R R MR B e e i k, SE
T ERGAE R ARSI, LOD Al ik 0.58 pg/mL. 51548
F [H) 2 5% 4 B W6 S B2 43 B J7 35 (indirect  competitive
enzyme-linked immunosorbent assay, ic-ELISA)HI L, %77
LR T 85 %, PUAHFERIFICE 1/8, HTSEAR
AR 2 E AR R I, AR R 94.5%~116%, AT
VERALER Ik b 78, FHF SR8 b A B I IR i 2
JIANG ZBApL 2o( 2 A LW IR ) 2 Bl BEAR o0 1,
Fe;0,@Si0, WA, il 45 1 B8 R 2% 52 2 o0 1 B 3k 2R
EY, BHAEREDUE, DIKEEHE CdSe/ZnS &=F s ArR
CH, FREST T IR O L BEAE RN B X i 3 A
A LB A 2 (4 05 A2 5 e S 43 A i, J5 ik LOD(LA
15% 30 4 ik B2 7)) K 0.21~0.44 pg/L, Hnkx [l Y # 7
73.1%~119.3%2Z (0], FHFHR . FHE. 5 NGRS
R, MSEERYS GC MG B & 225, (HAMIRILT GC
Tk o TAHEAR SR BE RS R 0t s bk ) 200 5 B A,
ST TNk U ic-ELISA . J775 % LOD (IC,0) Pl 1% 0.06 pg/L, Xf
Mt bk 25 R AP ) 38 SRR AIE T 8.48%, FHTFAL. K
KNGO SNFRAE A, EDBCR R 83.6%~112.7%,
ai AR ) SR I 45 SR AT R A AR DG (RP=0.9531), X i3d B
ic-ELISA W EA = R . RSPk FnuEmftk, A2k
BRI T — R e 450595 . BKAh, YUE B4k g sy 7
FEXTR A =AY ic-ELISA ¥l )5, M T3L. 3
LTRSS B AR AR 7 A
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5 #ERIE

AR R MOK R, HERZeZ RN E ST
FE . FEETH PRI, T 2 XL AL 1 75 oK
H2s i, 25 EFUE ™ EbTa A Z —, SRS
R R AR 7 e B T B R, (AR R TR 2GR R
Yelal i, S0 BL GhTLE 4, SR IE B A AN )
BRERZ —, WALGERGERORE, BhRG5EBI5 R
A, TEVFZ R AR & BT AR 2558 B TS Y R AR
MG BAETE, HARRRAFRKZ, FHPRBICR Y S
J& 2, WAUMSEHT . e TR A . RATERL
TR, EEEs ARNERIMRLD, SRR ZHEL
PERT . BT . MR L. AR . AR
R, FERLH T R AN — 7ERVE R L, W
SR HUE IR X R R AL R, T AR r 255
H, gD 2y e A, OB AR sk a . B
ARG ER TG Y TH A T TG B A TG I B AR 1) S
FUEER AT BRI S, RS AR IR . RS SR AR DL K
SPE #il d-SPE ¥k Jy i AE R v i A7 AL X AR 3, — Sl Al
4 AR PR AR (U m-PFC) 1 R4 1 FH o 6 G 43 Hr 1
QqQ-MS & 47 FEL(HF ARG INEL A, 17 5 43 B s H AR
41 QTOF-MS FI Orbitrap-MS, 7L e # #5 2 F bk, H
I Ltk | Mg B st S R, N A2 3] TR .
IE4h, SERS. S /b SR H AR WA R T AR, Al
KA 25 iR . B SF Jr EAEAE SR B, SN N i
WEEARAF, i AR ZH AR T30 = 05, ok
BLIEHET B —2R .

EXT MAT A OF ST BUR, B LT LS SF—, 4
XoF B U R A R s B e ST XU AR 2, DA e /N e 5
PR KB AL, fo KRR el R 25 5 W TS s AR, R
AR 2 AERL P T AL, S B R 24 5% B T B R AR
PRI B HE IS SR, A=, s AT L S A B AS:
RS W], PR AR 2 | R S v DR A 24 114 B R IR
W, FF IR TR BIRA TS5 P N TS 5T, RRAC AR R
e PR AL S A S, BRI ik WRERAE T —
R R, RA . B RE ki F AT B R M4, K
JE AL B S s A RS, SRR RN, R AR,
HHE S EUAT AL A A AL AR 1 -
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