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ABSTRACT: Objective
different parts of Citrus reticulata ‘Chachi’, and establish a rapid pesticide residue detection method suitable for the
matrix of Citrus reticulata ‘Chachi’. Methods

To investigate the distribution characteristics and migration rules of pesticide residues in

A pesticide residue detection method combining QuEChERS
pretreatment with high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) was
established and verified. This method was applied to analyze the differences in residual content of 10 kinds of
common pesticides in the peel and pulp of Citrus reticulata ‘Chachi’ from 4 research bases, and detect the pesticide
residue status in the whole fruit, peel and pulp from 40 actual production bases. Meanwhile, the migration capacity of
the 10 kinds of pesticides was classified via K-means cluster analysis. Results The established method showed a
good linear relationship in the mass concentration range of 0.01-0.50 mg/L (r?=0.99215), with the spiked recovery
rate of 80.0%—110.0% and the relative standard deviation of 0.6%—6.3%. Pesticide residues in Citrus reticulata
‘Chachi’ presented significant differences in different parts, and both the detected types and concentrations followed
the gradient rule of “peel>whole fruit>pulp”, with the average residual concentration in peel being 2.7 times that in
pulp. In addition, the migration capacity of pesticides with different chemical properties could be divided into 3 levels
(high, medium and low). The pesticide residue content in the whole fruit, peel and pulp of samples from 40 actual
production bases did not exceed the the limit requirements of GB 2763—2026 National food safety
standard-Maximum residue limits for pesticides in food. Conclusion The QuEChERS-HPLC-MS/MS detection
method established in this study is accurate and reliable, which can serve as an exclusive technical means for the
detection of pesticide residues in Citrus reticulata ‘Chachi’. The clarified distribution and migration rules of pesticide
residues in Citrus reticulata ‘Chachi’ provide direct scientific basis for the scientific selection and rational application

of pesticides in the planting process of Citrus reticulata ‘Chachi’, and have important practical significance for the

quality and safety control of the Citrus reticulata ‘Chachi’ industry.

KEY WORDS: Citrus reticulata ‘Chachi’;

pesticide

residues; QuEChERS; high performance liquid
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GO N H TR A2 5% B ASHIN 4U5R, QUECKERS i
AEBREOR HAT PR | I Ry, 5 o @ -
BBk BT 3% ¥ (high
chromatography-tandem mass spectrometry, HPLC-MS/MS)
o R . R AR R ARZE G, O 2R 25k B (R AP
60 g Pl e AT, I P AR AL B R F R | 5
R S5 LT AR 2% B A I (R B P 2 R AR TR —
BE SRS I 5 1 ST, BT AT BR B X — & F A, A
FRGARTEIA TR AR 25 5% B 0 ATRFAE, B R Al 1
REGTEIR SR A AR OCWEFY, il R B M Rl v
A 2R e L RGHE  FH AR (A e B S 1014

AT T X6 R B A A 245 35 B RSz 23 A7 55 3 R AL R
i ke Z B0 TR RS, 7 G IE K R Y QuEChERS-HPLC-
MS/MS HRERI J EFFRAIE. LA 10 Fhel AR 25 T4,

performance liquid

TR B R AR ES, ST e
Wi B o 22 A AR R A A SRR SCHE

1 MR5ERZE

1.1 #Rh RFIS5EE
.11 # &

Z5 RS SEEIOTG AR 270 R e FH G B BR B A
REMBGE 2. ToRRE . YGRS, KBy
FE B R SR, TRy 2 ST S E

WAL i BRI 4 BRI B (G55 A LB
C. D), RAMEACRAEL, e F A% A8 2 5 I
10 ASRAE R, B SRAE i R BUAE —B0, TOWIE . T
HUBARAS BB B2 A RE S AN/ F 5 kg, HOREERER 120 N (&
R R RRAE 40 ). Fra RSk A E R G H AR
feyla, MAIAMERS . REF VRIS, KBk
BT, R R RA, SRR ESEISK, BT
—20 °CAR LKA T8 R A7 45 FR TS

AR EHBAE AL PRI 40 NBRERESZBRAE S SE L, 45
At SR FABEHLRAL R AVE — B, o . Tl
WG RIRE T RE AT 3 kg, SRR 120 (&2
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FH1TE

TR RS 40 ), T B SRR KR, B SE
R
112 AgsSSRA

B3 S NN ) QN AL 0 NN 7 U 9 178
e R | SR R . s R R L ME U L R
AR (BRI BE N 1000 pg/mL, A FRIRE {3
FHUFIEIIET), O . B (EE4l, 3&E Merck 2 Hl); &
(LR al, FRKEmi K= i), oK R EE (&
Bral, 122 s AR AR I A7 BRAS | ); Ml-Q 258
FK (3 E Millipore 23 7); 0.22 um A HLUEME . QuEChERS
AL TSR R B BR A WD
1.13 NBEL5#%&%E

Xevo-TQ i =5 2 AH 6 3% - £ BK 3 3% 1L . Waters
ACQUITY UPLC BEH Cyg (2.1 mmx50 mm, 1.7 um)(3% &
Waters /A #]); TGL-16 5 5384 5 O HLOM RS AN SRR =
AL ZRTF 2 PR\ F); Heidolph Multi Reax 1 HEYR 1% i (122
Heidolph 22 w); Milli-Q 2557 /K % 4= ## (3 [l Millipore 23
Fl); JA2102 S04 KAF-CRS EE 10 mg, _E 158 BRHHAU A R
Ao
1.2 HmALE
12.1 #H &R

HERRAREL 10.00 g 5% ke, & 50 mL H2EM
REELLE T, A 10 mL K6, WHENRT | min (HH MR
535 BEIEIMA 1 g SAALENAN 4 g JORARIREE, 7RIS iEdR &
1 min(JN3# 432 ), 8000 r/min £5.0> 3 min, B R4k
AR5 % T QuUECKERS i ARy 2 Mg /e il o7
I8 5 WR B M BE R 62T T AR E
122 RBUREF

VBRI B R BGA 6 mL T QuEChERS H+beE [+
B4 1200 mg JC/KBREREE, 400 mg {f % (primary
secondary amine, PSA), 400 mg Cs]", #WiEdR% 2 min,
8000 r/min Z5.0> 3 min; WL V5 1 mL, 14 0.22 pm FHHL
TEIRE TE AKE S, it HPLC-MS/MS 3047, Akt FEal 47
R BRI M LR TP IR R . B R ST,

1.3 (YRR &M
13.1 &#Ein

O Cg fi%HE(2.1 mmx50 mm, 1.7 um); FEi&:
40 °C; WEIAH: A KN 0.1% FBKIER, B HI 9 HEE, #
BEVEBLFE : 0~1.5 min, 3~15% B; 1.5~2.5 min, 15%~50% B;
2.5~18.0 min, 50%~70% B; 18.0~23.0 min, 70%~98% B;
23.0~25.0 min, 3% B; #ii#: 0.3 mL/min; #EFEE: 2 L, %
@IS T IR ICAR 23R A I I Ak S 504,
132 F#&#t

G 25k M 55 B B (electrospray ionization, ESI)JH,
EE TR BT 150 °C; BARISIRE: 500 °C;

JREH R S 800 L/h; HEFLIHE: 50 L/h; SR Z 0L
W5l (multi-reaction monitoring, MRM)#LZ € & . MRM #&
ST HE EAG I A S A R RS, WS T oAl g
IR 1.

#z1 10 HRANVRIESH

Table 1 Mass spectrometric parameters of 10 kinds of pesticides
LI BET  FET S pEsy

BfE/min -~ (m/2) (mz)  HWEV vV

HEEHIEFE 1251 406.1 251.0/337.0 35  60/40

RAHR

IE £ Jpk 3.06 223.0 126.0/99.0 30  33/20
iz 2.94 256.1 175.0/209.0 25 20/12
Ed 16.19 350.0 198.0/97.0 25  33/19
N33 8.82 376.2  308.0/266.0 30  15/12

BE R 2.72 292.0
FAACKPwE  5.08 483.9

WHC e ik 7 i 11.16 388.1

211.0/181.0 25 20/10

452.9/285.9 30 20/18

194.0/163.0 25 25/12

W L 2.96 250.0 169.1/132.0 30 12/8

it 9.85 308.0 70.0/125.0 30 24/40

1.4 MW7 EWUE

141 AR/E W&

T R IPUE fE 10 P 254R HE S A 45 (100 mg/L), HH
P P A B I ) R B 10 mg/L TR S b e v 1D
FHZS AR B AL AR BOR (7 1.2 Dkl g, A& AR 25
B, BCHFREHE N 0.01, 0.02, 0.05, 0.10, 0.20, 0.50 mg/L
W RN APRE TR . 2 1.3 (ER AR T, DLig
TR NABR(Y), 424 5 i vk B A B AR AR (X, mg/L)2: il b
HEfhZE, TR IRA AR e R A
142 Dk ELSHEEE

BEIZS IR R AR &L, 4351300 0.02.0.10.,0.20 mg/kg,
3 ANKFHRRGFRE AR, BAEIAKERE 6 P47
RS, $% 1.2 FESRARBEAN 1.3 (URFAGI ki, 5 ml i
SFNAR XS A U 22 (relative standard deviation, RSDs), HiiE
D B e SR
1.43 HERSEZFIR

PLZS [ B MR R B O O 5 57, 4% 3 fE (s e L
(SIN=3)H-3 46 H FR (limit of detection, LOD), % 10 {51504
H(S/N=10)1155 22 1 FR (limit of quantitation, LOQ), I&iFJ7
P R

1.5 HIEAE

K AR IE SRR S AR 2 Bk B o R Hls
GB 2763—2026{ £ bt 2 & FARME Bah PR 2GR
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B ) SEF 78R B REHAE o ORI SPSS 26.0 #4E%T 10 Fhife 2l
A SR P - 3R 2 1 8 R ET T K-means 25041, LIMRICHE R
AR, 256 WA B S SEBRAROl AR 7 B SO E RS
BOh 3, IE R ZIEBEE M. . K 3 HRHME
MG

2 HEREHHR

2.1 ZEEHEREMW

X 2s BB HE R B TR, 458K, 4 QuEChERS
ATALFRIE, RGBT, HARRZ NI BT,
ToB FEME TP, . R R 14 28 % AT AR R i X
(B 1), FHIZATAIE )y e AR BRIL R T30, EH TR
FEAH A 10 e 2558 B8 (A .

100 306
8.8211.17
s |29
g 6.41
g 272 5 9.85 111.%951
LKL 1279’3 2376

‘)Q QQ ‘)Q N ‘JQ N ‘)Q N (,)Q

A3 55 15} 8] /min

1 10 FhaR 2GR b vV WA S Tt 1]

22 FFERWIEER

10 Fhfe 245 i s M 1h 4% | BTSRRI 4 B 45 SR L3R 2.
M 2 Al %0, 10 Rl Z57E 0.01~0.50 mg/L Ji ¥k B 3 il
WL C R R AF, JUE RE(7)1=0.99215; £ 0.02,
0.10. 020 mgkg 3 PMEIKTEF, BN 80.0%~110.0%,
RSDs J 0.6%~6.3%, 144 GB/T 27417—2017 { 5H&FE 1b2F
ST ARSI RS ) PSR, FRUAAR I e T 4,
AT FHTFRERA R 10 Rk 255888 B BT
23 BEHEARSBAKRAZRE T HME
23.1 REH LA

X 4 AR 40 HEWRBRE AT 120 ANEE AL AT 45
WG RIRER 3), BREAAS R FRAL A A 2540 1 Fh 2 77 A
2e5t: IRECERO IR AR ANy 3.60 Fl/FES, #i R
IR AR 3.21FF; &Pkl 332 Fl/dE s, A THRES
SR SRR 112 FhR 2510, %45 R
T R R AR AN RIS A 24 5 B P RIS A A RRAIE, SRk
TR Rt T .
232 RGRES A

AR A 25k BR TR P S DU R R, A AR
Fe> RIS PR B 0.2135 mg/ke, femigk
Py 1.0634 mg/kg(NMARs), WeRE R 0.1 me/kg MRENN S
Lt 38.5%; I TIIFREHE N 0.1572 me/kg, Fmrk s
47 0.9318 mg/kg(MEMERETRTR), WS 0.1 mg/kg RUREAL & L
22.3%; RAPFFREWEERAR, o 0.0786 mg/ke, MimikiAHk
JEN 0.4953 mg/kg(WEHK), WL 0.1 mg/kg HIRRN ELIL
8.7% 4201 Ay M, SRR AR 2B A VR A SR A

Fig.l1 Total ion chromatogram of 10 kinds of mixed pesticide

standard solutions B9 2.7 1%, SRR LN R AR 2.0 5.

F2 10 FRANIERZ, EREMBEEELER
Table 2 Standard curves, recovery rates and precision results of 10 kinds of pesticides
0.02 mg/kg 0.10 mg/kg 0.20 mg/kg
P KL FR s r?
Mm%/ %  RSDs/%  MICHR/%  RSDs/%  FIIRHE/%  RSDs/%

1 Z Tk R A Y=277129X+1026.23 0.99824 81.7 5.8 89.0 1.1 91.5 3.6
2 g H fpk Y=105068X+748.032 0.99924 99.5 4.9 101.6 3.6 108.3 2.7
3 M He ok Y=325409X-579.129 0.99788 105.0 4.8 106.7 5.4 105.0 4.8
4 BESEIR Y=152541%-13723.2 0.99823 89.7 5.3 107.3 2.3 93.3 3.1
5 Dk i filz Y=206354X-1020.55 0.99958 80.0 6.3 96.7 1.6 85.0 5.9
6 WIE g Y=176386X+672.439 0.99215 105.3 2.6 110.0 4.2 91.7 3.1
7 RACEHEE  Y=266484X+1260.53 0.99362 95.7 3.4 89.7 5.0 86.7 33
8 L 4 P T P Y=115491X+1418.73 0.99811 101.7 3.7 99.7 0.6 95.8 1.5
9 I H Y=51956.9X-62.0574 0.99355 96.7 3.0 81.3 1.4 101.8 23
10 I s Y=338935X+454.76 0.99802 105.0 5.2 101.3 4.1 93.3 3.1
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Table 3 Statistics table on the distribution of pesticide residue
types in different tissues

I T A ﬁ;‘iﬁ)
FEAR /A 40 40 40
$i(,’$$§)§g/ 3.60 332 112 3.21
Hh A 3.0 3.0 1.0 3.00
S ONIEI 8.0 8.0 5.0 1.60
TR/ IMEL/FD 0.0 0.0 0.0
PR 206 2.12 1.36

TE: AR HAARE . 35 4~5 7).

233 FREEARGeGKRENAE

AMFEIRE MR 4): REVERDUN(E UK, HE

R | e AT SE AR AR T s, SRR A
75.40%~82.50%, {H ¥k 750 < 5 2 >4 > TR g LA,
T PR E S By B (0382 mg/kg) 5 14(0.143 mg/kg)
B 2.67 fif; B IERE T HE kg8 HLUGE> e i Pk >188 AU . fi
AW MR (FEEM): EBME TR RN, RALH
RAARCRKE ), W25 B2, WA R vk B
(0.921 mg/kg)it i T P (A HHET28

ATEFNBFRE AR 5): PP A T 390 (b e fik v
s . DREE ) E TR THEY R, R E(72.5%~
81.8%) i 1 T 5 A (18.3%~22.5%), Mk W Tk 7 T 7 S Jiz
A 5% BR 1 B (0.7820) & R 14/(0.0934) 11 8.4 1%, WA
PRR) (DG . R Tk R PR ) FL — i R Sk, SRR
67 HH 3R (32.5%~38.7%) i T fil A& M 2, R Uk BE AT A
IR > RS QLR LR, e B SRR U R AR Y

3.0 f3(26291

F4 FHEFLRBGEEER
Table 4 Detection situation of insecticide pesticide
A B 2R FE B AL o /% FHIH B /(mg/kg) R B ((mg/kg) FESAEECR LR IR
Wt Jp R 100.00 0.382 0.495 2.67
WE o1 bk EeE 95.00 0.275 0.412 -
WE H bk RN 82.50 0.143 0.298 -
e o gk R K 100.00 0.395 0.493 3.22
WIE H IR 4R 92.50 0.269 0.389 -
WE th gk A 78.30 0.123 0.215 -
WE H iz RE 93.33 0.379 0.498 251
WE H iz 4R 86.67 0.254 0.376 -
WE H i RA 75.40 0.151 0.238 -
BEAEIR R 66.67 0.921 0.921 >20(5R A AA H)
AL BT 33.33 0.418 0.625 -
LM P90 0.00 0.000 0.000 -
x5 FEFLERAGELFERL
Table 5 Detection situation of fungicide pesticides
BN BE4 FE SR ERAL 7 %1% PR BE /(mg/kg) IR VR B (mg/kg) SRR LRI
L Pk T4 i R 81.8 0.7820 0.9318 8.4
M A Pk o 4R 57.2 0.3282 0.6520 -
ML A Tk TR T A 22.5 0.0934 0.1850 -
DK i iz RE 725 0.5761 0.8250 12.1
K& Jric EE 45.8 0.2153 0.4860 -
D i Jric RA 18.3 0.0476 0.1120 -
G PR 354 78.6 0.3840 1.0634 32
R EE S 62.3 0.2480 0.7820 -
A RA 38.7 0.1200 0.3250 -
g N BN R 75.2 0.2960 0.5300 3.8
AR Tk Y FAs EoE 58.6 0.1850 0.4280 -
ZR Tk Y FAms RA 32.5 0.0780 0.2150 -
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234 RBGIAHBRAHSHK

ISR TR BB 22 5%, TR A - R G A
TR B/ R B BB B < 100%), ST K-means A4S
MHGAZT R, #4110 PR RAE 1B K 3
oo W 6, FRERMAZY (R . W HUbK, nik bk, 19E ),
IEBHIR 35.22%~42.83%, i THAWIHIAZY, AT MR
BOERS I, R A2 (e . Rk PR P | S R

W), TR BTN 20.57%, SZBRTEF N 18.48%~
24.56%, (GRS AT MR BTER B0 TR AR 2 (0Kt |
MEPEREDAIE . REFEI), TTREAIREHULN 4.10%, SEBRIEFEDIN
F 8%, FEAARIIRAER ), S HEERIET E NG H 5T
SEARFFAIER Y, #5E 5 ST B 30 BIE TR, S
GG 5 SRR LS A, AR AR Fp e 2 il
WAL TR S5 K

®6 RAIBENER

Table 6 Situation of pesticide migration ability

KSR T HE ‘ R a] %W-%&’ £33 L35 22 SR
W /(mg/kg)  WE/(mg/kg) TBEE% KEER%  KHE% CREZZRAD
WE H i A HUF 0.3785 0.1621 42.83 93.33 84.62 2.34 R
WE o ok A WU 0.3821 0.1471 38.50 100.00 82.50 2.59 B
it = bk A HUA| 0.3286 0.1215 36.97 95.00 72.50 2.70 AR
WE H g A% WU 0.3952 0.1392 35.22 100.00 76.32 2.84 [paR s
J3 WA e AT 0.3840 0.0943 24.56 78.60 54.76 4.07 TR
IR Tk R B AT 0.2960 0.0643 21.72 75.20 48.92 4.60 PR
F[UEH B RG] 0.1212 0.0224 18.48 81.82 45.16 5.41 rhiE A E
K frie EN il 0.5760 0.0391 6.79 72.50 10.53 14.73 izt
NP ik T A 0.7820 0.0587 7.51 81.80 8.97 13.32 TR
BEFEM A ) 0.9210 0.0000 0.00 66.67 0.00 TCRAARK L) TR

24 EPREFEMBEEHRAKBREMST

AHFFEXS 4 ADS2BRAE =3 120 G BRI 45 3R 2R,
BRI R SRR SR R R AR 2 B R R
GB 2763—2026 BRIEFFRAERIER .

3 iiesgie

3.1 WG ENEINLSEIE

AW 5T BT PR R M B R, R EES T
QuEChERS Hif4bBRZE-& HPLC-MS/MS 4 245 5% BA 46 J5
W%, IR ATASCRBRE R PR . RS THAS, &
ISUEFE 0.01~0.50 mg/L JT it ik By Bl N R G R R A,
o BT 3 5 AR X A v A 22 389 45 A GB/T 27417—2017 3K,
AESCPARR R A SR R . SR AR 10 Fhd WA Z5 ARG
TERA I, -t [ SR AR I K SR B0 A 2 5k BA G SR AL T
AT A S5 1325,
32 GEHERAKRBAYHAERSAIRERR

R e R AR 24 5% B8 S B AR AR A, G R 2 R R
I A SR e > ST I o A A, FLAR 25T B Ak
S AL S ARG AT K-means TRIMHT
B 10 B HFRRZG R M A T AR 3 SuEB R
AR AT L, [RIE 40 ANSZBRA: ™ Bt A Sl A N5 SR,

WA A5 AR 255k B R GB 2763—2026 [RE#R
U, 7l B AR R B AR RO
33 MRNMESKAEX

AW T RS RO AR 245 5% B 4 A 512 RS
MR N, 5638 TAHCEIR IR R . Irasil ikl
Wil M AR 20 5% B H O B W IR0 T L B HoR S H, WA
(5% B8 A3 AT S AR 253 B o FOHE, AR B R R R 1 4%
Rl A PR B 2 AR B A B A T LRk
WRHE, Xo T A B AR PR A B 5 32 R R A S o A e 4
Fuim e A . ORBE Tl fg e R J HAT RS

SE
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