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BT RERNFXBE M ER L2 XIS

XIEER 2, dpEte T, SEs ) e, BERL ', B
IR AN KA IR B, R K7D 410128; 2 U TR 2 Bl 5 A& H4 0, Wit 233 430070)

. 20184F, TEWIRMKIDRIKR A . WL 2R 5% 12 S PR IR 28R BRI, JEfeis Kb
TLPE R PR T . AN AR 4 HudE AT R HOBR % 8% BR T A sh AR08, SR FH R SO 6 1 — R R /25
(HPLC-MS/MS )il B HUBRAEAT A 4 R R R b (B R i, A TR DR IR £ 22 4 XUR: Ay o AR AR i SR

ZIEHFE R, F2 PSA AULKIBREE S L, f/mH HPLC-MS/MS ZMArillE, AMrikE i, MHEaRmmEpnh
% BIRAGERNKSE4 0.01, 0.10, 1.00, 5.00 mg/kg Af, X EIRAHH 89%~102%F1 76%~99% , FHXSARifE(w

ZE0P R T%~11%F1 8%~9% ; s H IRAE MR 4 AR A b i 2 SRR SM 0.01 mg/kg s Bk RUBRAEAH ARG 4 SRR 1A v
FRBK B T B I [B) A HE RS SR B S R S48 TR, A 193510 13.0~18.0 d F19.6~34.0 d; BTt /r% 25%[5
R AT IR FRIFEAARE L) 125 mg/kg(HlFRI I 2000 FRB0OMEZ 3 K, MaZhEfE 7 d, TARKIMEZG A 35 KRFE
A, B IRAEA G 4 S A A P k2% B 20 T < 0.01~0.55 mg/kg Fl < 0.01~0.93 mg/kg, B IRAEMRE H 5%
A/ INT o L R R B B (1 mg/kg) s BEE LR PGS R R, 8 ABE R AUUR Y R R A
HEEARH 0.651 2 mg(HE4H) . 0.644 4 mg(RIHRRA), KR S1.7%EMERAY) . S11%@HERA), XF—
FBE AR S 7™ A 14 IRUBE 381K

kB8 OIR: MHE; BRAUR; mAGRE; SRMINMEIA; HPLC-MS/MS; B X ITH,
FESES: X592 XERPRERS: A XEHRE: 1007-1032(2022)03-0312-07

Residue and dietary safety risk assessment of diflubenzuron in citrus

LIU Caiying?, YANG Lihua'", WU Junlan', QING Zhaoxia', WEI Weike', GONG Daoxin'

(1.College of Resources and Environment, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.School of
Safety and Emergency Management, Wuhan University of Technology, Wuhan, Hubei 430070, China)

Abstract: The final residue experiment of diflubenzuron in citrus(Citrus reticulata Balanco) was carried out in twelve
cities(Changsha, Zhangjiajie, Lanxi, etc) in China in 2018. And the residue dissipation dynamics experiment of
diflubenzuron was studied in Changsha, Gaoan, Nanning and Zhangzhou. The residue of diflubenzuron in citrus whole
fruit and pulp were investigated by high performance liquid chromatography-tandem mass spectrometry(HPLC-MS/MS)
method, and then the risk assessment for dietary safety risk of diflubenzuron in citrus was studied based on the residue
data. The results showed that citrus samples were first extracted with acetonitrile ultrasonically, then purified by PSA and
anhydrous magnesium sulfate, and finally detected by HPLC-MS/MS, the external standard method was used for
quantification. The average recoveries of diflubenzuron in citrus whole fruit and pulp at the spiked level of 0.01, 0.10,

1.00 and 5.00 mg/kg were 89%-102% and 76%-99%, respectively; and the relative standard deviations were 7%-11% and

ks HER: 2020-11-14 &EIBEA: 2021-01-17
WA VR 255EIH(18072); MIESEZFH )T H (19C0919)
{EEB N XIUF(1998—), FB, WIRMILA, Wi, FENBEIREL LI, 3416906715@qq.com; *BI51EHE, #Hmite, 1#Ht,

YR, 322 A2k B AN AT WLV e 5 9T, 44067507@qq.com
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8%-9%, respectively. The limits of quantitation of diflubenzuron in citrus whole fruit and pulp were both 0.01 mg/kg.

The residues of diflubenzuron in citrus whole fruit and pulp decreased slowly over time. The dissipation half-lives of

diflubenzuron in citrus whole fruit and pulp were 13.0-18.0 d and 9.6-34.0 d, respectively. The mass fraction 25%

wettable powder of diflubenzuron was sprayed at doses of 125 mg/kg(2000 times of the liquid) for 3 times on citrus with

an interval of 7 d. Then samples were collected and determined at 35 days after the last application. The residues of

diflubenzuron were <0.01-0.55 mg/kg in citrus whole fruit and <0.01-0.93 mg/kg in citrus pulp, respectively, which were

both lower than provisions of maximum residue limit(1 mg/kg). The result of dietary safety risk assessment revealed that

the national estimated daily intake of diflubenzuron were 0.651 2 mg in citrus whole fruit and 0.644 4 mg in citrus pulp,

accounting for 51.7% and 51.1% of the acceptable daily intake respectively, which indicates a low risk from long-term

dietary intake in the general population.

Keywords: citrus; diflubenzuron; final residue; residue dissipation dynamic; HPLC-MS/MS; dietary safety risk assessment

H#%(Citrus reticulata Blanco)/& =& F T @Al
Wy, FE P R i RUE sk P R
AR B EEE R, FEG RN sy AR
. JivE, RS ARAE T AR LS SR, XIHAE Y
7 A SR SR U . R 245 B i AR AR
P b O B A 00 B R . SR HRUIRAL 2 4 PR
1-(4—F AR IE)-3—(2,6- A EEIL K, 2 HHIEE
RS PEAREE AR ] B IR B S )T AR
RERRE S0, TZ TN L Bk HE L
. MHEED, ATAShPHA/NER . SEE L A
Al PRSE L VT R

HAT, ST B HIR o 5% B8 46 0 07 v 32 2 WA
OG- AR @S B
M SRS TR R AR e T
Zenp U gt Rt agnt g (U
R IR B 5R BRA TR BESE, (B SCRR SUIRTE AT AR
(5% BA K I £ 22 4 U PPAL A /0 WARGE o A5
Hh, T AR I SRR 4 1 28R €8 3 — £ I B i
(HPLC-MS/MS)/3HT 712 , SRR BT 4381 25% (LA T
fRIFR 25%)5R HUBK AT J P8 S0 FE A AR L A e 2 5% v
MRS, IR A RO e &
LRSI R RUIRTERAE 24 &
B RLAE R AR

1 #MRISREZE
1.1 FERFSUEE

FUE 48 97.1% 0% HUBRARAE S FT 25%05% HUbk AT
TR A5 A A AR A B A R R AL (agikgl

CHE. W, AHrai N, R TR R
ST AR IREE . R, 25
AR BRA A= it e AL, K
E AL BRA R 5 PSA b, il
LA PR FI 7 o

1290 11 8 = R0 A (15 -G6470A = H PUAT
JiBB AL, SE B2 F 7 5 s TD-SA /=is B
OHL, KPHERERARRA TG ERAKRH,
SIRX VI B AR 7 s XH-C R G4,
SR AR RG] 0 TP-220A TR,
WK AR B 25 PR 177 s FA2004N LK
-, i RSB R R A R
1.2 HERE

Fi B NY/T788—2018 (RAEY A 245k B i 4o
HEI ) NI BESR T 2018 AEEIF K VD RIBK S |
WL 2% TLPU e Wi, mfEE. T
FTRIERR L DUSER . )R A AR
M 12 P JRER IR R B, IR
Kb VW%, ) TR T RTINS 4 H AT
I HRUBR 179 5% B8 T i s A0 o A 25% 5k it
ITCIRLTA 5wl 8

TR R BB it FH 2o B e IR A A 1
W1 AEHE/NX X DA T AKX (MK 2,
NIt 27)) . BN/ NX 4 AR, BR R TE R S
RITE/NX 1 TP, TENT A EIE 49d,
25% 05 HUIR AT IR TS 1 Rt , 24 5T 7 4K
R 125 mg/kg (il H R 2000 F5K), iz 3 1k,
FaZ5RINGIA 7 do FRENEM SRS, 0T
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BE—WKEZS 2 h FIEE 7. 14, 21, 28, 35 K}
FER/NX LR K IER . JORE NGRS 2
kg(24 UL FAIE) o FEHA H A 75 48R B i e 1Y)
8 1, 435 T B B feJ5 — R 24555 28 .35 REFRAE,
TR RV R R AR S AR . FEEA, BR 12 A
FAGRE SRR TR VIR 4 %, BURAHSRIY) 2 1,
VeGSR S 12 DRI, 2
FERGAE) 4 45, BORAHAR 2 M, 1 AR R AR
AR 4 A it RIR RIRE 20 TR &) J5 e A TR
AR, AT -20 CUkAE AR
1.3 ZBAMEE
1.3.1 Hoara®

YR BRI 28 4 B O A o CREARE 2R A B0 4
H)5.0 ¢ T 50 mL B0, A 10mL ZHE, H
RS IKALAIHK 2 min, HAHEEL 30 ming HIA 3.0
g FALAN , L ST  i5 $E L 15 min, T 8000 r/min
TR B 10 min, 1 PSA FIJC/K AR RREE 2 HLH AH
HEGEE, B 5.0 mL |2 NG RBURES 236H
0.05 g PSAH10.15 g To/KBAREL 1) 10 mL B0,
WHEYR 1 min J5, F 8000 r/min R ELL 10
min, FFHL 4.0 mL I ZE 50 mL Bepfrr, 50 C
KBZETIEH V(CHE) - VOK)=1 1 EIRERE
2.0 mL, i 0.22 pm AHLRIER, £F HPLC- MS/MS
ioalll8
1.3.2 HPLC - MS/MS #&m] £&1F

%5 Agilent E.C Ci5 (2.1 mm=100 mm,
2.7 um), ¥ 40 °C, #EFEE 2 pL, WA 0.1%
H R KR (AR ZIE(B), BEERILAS T3 1.

R 1 BROR HPLC BREEBERL 1

Table 1 HPLC gradient elution conditions for diflubenzuron

— _ TRV
AfE)/min i #/(mL min") —————
B 0.1% M EKIER
0.00 0.20 70 30
0.20 0.20 20 80
2.00 0.20 20 80
2.20 0.20 70 30
5.00 0.20 70 30

SR FMESE B TUR(ATS EST), £ b
M(MRMBE, TE BB HLUE 3500 V, FLAE

310 kPa, T HRE 350 °C, T4 i 11 L/min,
PR 250 °C, B E 12 L/min, BRIEUIKE &
B XN (miz)k 309/126, RifTESCHE 39 eV ETEE T
XF(m/z)h 309/93, RifAEHE 59 eV, HEFLHLE 70 V.
B HUVR AR BA B[R] 24 2.5 min,
1.3.3 ARk e B BATAE W K 69 2]
WERRFRERSR R IRPRUEAS 0.103 0 g, BT 100 mL
RS I, e PR, FeHla 1000
mg/L IIFRIERRIR , SR 5 R FIRR BE R BRI B AR B
e 4 0.01. 0.05. 0.10. 0.50. 1.00. 5.00 mg/L
1) R INBRE TARR W, JFEEE R HPLC-MS/MS
R 451 T HEA TR0 o DA HODR A o o v B (.
mg/L) A bR, A I £ 3 06 AR (y) A AR R
2R IR AR IE TAEITZE

1.3.4 HEFRa

BBV (M) = 2 mk R | e R 2
W RO Y S IESCIR2 0 TR THERR
AR SO 0.01~5.00 me/kg BHHIAE 25 AIR
P Mio 24 Mg A IERT , B0 BE U SR80 5
JRZ . WA TR O 2,

A = R B

3 ) ) A A 4 RN SR TR I 4 1 0T BECRE S
I IR AR AR, TR DRI J5T i 3 2553l
7 0.01, 0.10, 1.00. 5.00 mg/kg, FHE 5. K
1.3.1 F1 1.3.2 WA SR i, T3 mIBCRFIAH
X FRfED 22 (RSD).

1.4 BEREBANKEITM

SIRSCHR[2210075 1, AR IR A4 [ 2 A 54
H £ A f2 (NEDD AU B {E(RQ), FATIEE A
RS IEAY o e, B RUBRAYBE T SR R e 25 B
VAT (ADI {H) M 0.02 mg/kg, HEMAEAR
PR R 63 kg WA, il AW H ARVHEA
oM 1.26 mg. TEMEBRAIRTC /NG . e,
Wi MG, SRR k. ZRWAEEY LIS R,
INEE L HE L ARG BT ESE RS0 0.2,
2. 0.2, 20 mgkg; HEIRS JE R SILH]
WS . AR Y. R H AR 3
7 0.138 5.,0.183 7.0.045 7.0.032 7. 0.012 0 kg/d™*,

1.3.5
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4 RQ < 100%HF, F/R LRSI LIEZ, RQ i/,
BN 24 RQ > 100%0F, FRA A2 118
PEXUR:, RQ B, MBS

HERESH
21 FHEMGMTEESERMN

M2 AT, FEA SRR A SR AISR A
# 2 BRARREMIERRLMETIRANE BIR S H R

Table 2 The linear equations, quantitative limits and matrix

2

effects of diflubenzuron in citrus

ER AMEEIE R SRR g,
(mg-kg)
I y=12 055x+472.95 09997  0.01
MR y=6442x+695.3 0.9950 0.01 47
MBI y=8057x-532.1 09947 001 -33

t, BRIUIREA RIFIIZEMCR, BIHREYRT
0.994 7; B B IRZEHIAG 2 ARG SR A 2 P
PRI FETORIGRLN , Mg 73500 —47%F1-33% .
h TR R, AR, SR IC AL
FRERS G T8 B 3 1T o
22 FHEREREEEE

M 3 A%, ££0.01, 0.10, 1.00, 5.00 mg/kg
4 DEIMACET - B HUIRAEA R 42 5 e i -S4 [l
N 89%~102%, RSD Hg 7%~11%; TENHER A H
FSEE BICR Hy 76%~99%, RSD N 8%~9%, [t
FRAERAT 022 FEFR(LOQ)YI A 0.01 mg/kg., 1%
IR B S N 2 AT S R 25 B R gR BOK .
178 4 SR AL PR S o g B A 5 DL IR 1

=3 BRAREHED RN RS ERFEN R ERE

Table 3 Average recovery and relative standard deviation of diflubenzuron in citrus

g RO IR %
ZB —
(mgkg") 1 2 3 4 5 FE AR RS
2R 0.01 86 89 105 95 84 92 9
0.10 96 110 89 109 107 102 9
1.00 89 99 85 92 101 93 7
5.00 81 104 84 81 95 89 11
A 0.01 87 107 89 95 105 97 9
0.10 91 102 85 101 99 96 8
1.00 83 79 70 70 77 76 8
5.00 88 102 110 91 102 99 9
150%10° - a L19x10* T b
1.20x10° | 1.14x10° [
£ 9000} E 1.09x10%
= 6.00x10° F 1.04x10% |
3.00x10% 9.90x10 |
0.00 9.40x10
0 2 4 6 0 2 4 6
{4 B4 B i) /min B 1] /min
1.20x10° ¢ 1.06x10% d 1.20x10° e
1.00x10° | 1.04x10% | 1.00x10° |
= 8.00x107 | = 1020102 L E8,00x102 F
E6.00x102 | = E6.00x10°}
E ) E 1o0x10°| E
4.00x10% | 4.00x10% |
20010 | 9.80<10 20010
0.00 9.60x10 0.00
0 2 4 6 0 2 4 6 0 2 4 6
B4 I [a] /min A4 8] /min PR A s E]/min

a, b, c. d. eZMR 1.00 mg/L B BUIRMPRAEA T . GRS H . HHER BN 1.00 mg/ke BRHER .

VRN 1.00 me/kg B R (i
1

ik e ST I o

ARINER R AR EO & 1

Fig.1 Chromatographs of spiked diflubenzuron
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2.3 BRABIRAEMEFHREERIS

M 4 FIH, BREIRAES PE R T, TLPG S
FR RN 3 b A ATG SR PR A B B T A sl A i 2
B—WIN BN SR, r=0.705 4, 2350008
9.6, 9.6, 15.4d, TERENRIEBIR VDRI R A
HI AR, r AN 0.487 2, LI 34.0 d;
I SEUDRTE VLG (o 28 R RN 2 b AT A 4 R i
B B R ST & — RN S 1=, r=
0.666 8, WM 13.0, 18.0 d, MiBRHENRLE
W R VDR VU R T AR SR A TP B AE DGRBS,
r<0.3912, WA 25%5R RIK AR
F4% 2000 R EAEH , BORKIEZ 2h 5, 4 H
Hh S IR E AT AR 4 SR R A v 9 ) 46 % B 3
4 0.23~1.26 mg/kg Al 1.16~1.30 mg/kg, i HikE
TPl A A HERS 2R B R 18 N %, TEME 2R
S pi, 35 d BFBR BRI ER B AR % <0.01~0.55
mg/kg; TEAHGR AL, 35 d BPBRHEIRIEE R

o <0.01~0.93 mg/kg, FHARRHIKIE T 2 Beffde
2, HER AUIRAEAR R AR S T R s T4
P

F4 BEREHETB LENREERSNSHRERFRE

Table 4 The residue dissipation dynamic equation and half-life of

diflubenzuron in citrus

O Mk THfR SN MERE i
28 WEKY  C=0.574 6700t 0.2105
FWHET C=0.257 7¢%0 03912
TP C=0.333 5¢ 00 0.666 8 13.0
AWM C=0.983 66 %™ 0.827 8 18.0
RA WFEEKY  C=0.717 9¢ ™ 0.4872 34.0
JTUER T C=0.860 7¢ %7 0.7109 96
TP %  C=0.861 3¢ 7 0.705 4 9.6
AWM C=0.828 9¢ %t 0.7712 15.4

24 BRHERKEHBHHORLKRESE

M5 AT, FERUEZG )55 28 KIF, A
AR AR P PR IR 5k B 23501 0<0.01~0.85

®5 BRAREHBTIHRAKREER

Table 5 Final residues of diflubenzuron in citrus

F sabs i) 5 b By 2L
HE 7‘:”& 5Bt (mg-kg ™) 9§mtﬁ3u‘fﬁi/ Hij(ﬁi&ili/
Ji] e b /d (mg'kg™) (mg'kg™)
M4 28 <0.01(8), 0.10, 0.15, 0.18, 0.19(2), 0.24, 0.28, 0.34, 0.41, 0.45, 0.47, 0.62, 0.64, 0.19 0.85
0.68, 0.79, 0.85
35 <0.01(10), 0.13,0.14,0.27, 0.31, 0.40, 0.44, 0.46, 0.47(3), 0.53(2), 0.54, 0.55 021 0.55
HHERE 28 <0.01(17),0.11,0.25, 0.77(2), 0.35, 0.43, 1.11 0.01 111
35 <0.01(12),0.11,0.12, 0.26(2), 0.28, 0.31, 0.47, 0.51, 0.58(2), 0.59, 0.93 0.06 0.93

155 R RYEON 1 BLZER B R AR AL

<0.01~1.11 mg/kg, F&EARIHET4 0.19, 0.01
mg/kg; FEARIZGIEHE 35 R, BRHUIRTEATE 4
SRR P i % B 4300 R <0.01~0.55 . <0.01~
0.93 mg/kg, 7k B g E 535124 0.21,0.06 mg/kg.
GB 2763—2019"" W, Bk HUIRAE R v B e K 3%

PR EL(MRLYEN 1 mg/kg, bR RUIRAEATAR H AY5%
/N T FERRALE A f ok B R (L

25 KRHKHERZEXE
HIZE 6 FI2E 7 Al 3 AFHEXT R HUIR Y NEDI

#6 MRAREHBERTNERRENEITHER

Table 6 The result of dietary safety risk assessment results of diflubenzuron in citrus whole fruit

BicE TR Eigﬁdﬁ)/ sk gfg/:i: gt PR gfgmg f%ig/ig SRR/
INFE T B e 0.1385 0.20 I 0.027 7
HE WA 0.183 7 2 | 0.367 4
it KR 0.045 7 0.21 BREA 0.009 597
Li¥ia iERZRl 0.0327 0.2 | 0.006 540
FS Hokk 0.0120 20 I 0.240 0
it 04126 0.6512 1.26 51.7
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®7 BRAREHBRATHERRENEITHER

Table 7 The result of dietary safety risk assessment results of diflubenzuron in citrus pulp

N THT K A 0.1385 0.2 SR 0.027 7
i AR 0.183 7 2 SR 0.367 4
M4 KR 0.0457 0.06 B E 0.002 742
iYia 7Rl 0.0327 0.2 s 0.006 54
* e 0.012 0 20 | 0.240 0
it 0.412 6 0.644 4 1.26 51.1

{23314 0.651 2 mg(HE2H) M 0.644 4 mg(HHE
HA), RQ EAHN 51.7%HHE 4T 51.1%(HH
RA), RQ H/NF 100%. AIUL, 4% HRHEFEF]
AL UEL, TEAME P 25%05R SUBK AT SRR
L RN P A i KU AT

3 e

AWFFEH, ST T ARG AR P R Ul Y
T 1 SO L — R R BT A A i, MR R i ]
LGP, SRIG 2 PSA FIICKERIREEGHL, it
Ji H HPLC-MS/MS & il . 7E 0.01~5.00 mg/kg
WK, A A SRR A v R OB i~ [l
RN 89%~102%F1 76%~99% , F X e i 22
I3BIA T%~11%F1 8%~9% . 5 Ht IR 7E A A7 4 SR Fn SR
PR E ERRYIN 0.01 mg/kg, %7 BEIMAEHE |
R R RE X AR 25 B A K

2018 SFEAEMRE K . YIVE %, VR T, AR
RN A BR BRI R S ARG A5 R R, R RUIRAEAT
A7 4 SRR 1R v 1% 5% Bk B A BT T PR 4 RS 2 U8 B0
PRGNS NI, FOEfRE 5500 13.0~18.0 d I
9.6~34.0 d. FIUL, BRIUIRIE T 2 B 2 o BRIk
FEAL 4 HOATHAR A I AR IR I 25 57, i AT
RES A0 ) 4 pH H . JERE . TR AR
JERA KRS R ARG K,

IR AR LS R R, 25%05k SR TR Ry
FILL 125 mg/kg(l 7 FH A 2000 {5 A7) BT
Jit 3 K, BERWEZG A4S 35 K, BRAURTEME 4
RFI A 5% B & 5300 < 0.01~0.55 mg/kg FlI
<0.01~0.93 mg/kg, FkHIRAERAE 05 B =35/

T EMER MRL {H(1 mg/kg).

4545 B BUIRAE BN [RE S b i s 1 0 R
o E R A RE S5, XTEAAE 8 e i Y
i IR TR SR A KBS PP, 25 s,
BRI E KA H AR 0.651 2
mg(FEEHR) . 0.644 4 mg(FHERA), & H R
AN S1.7%MHE 5 . S1.1%E MG, AT,
X — e NFEAEERRE ™ A I R AR, RT3 Ko

S 3K :
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