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Storage Stability, Residual Digestion and Chronic Dietary Exposure
Assessment of Oxine-copper in Citrus

CHEN Xianliu, WANG Suru, CHEN Boyu, XIE Defang

(Analysis and Test Center, Chinese Academy of Tropical Agricultural Sciences, Key Laboratory of Tropical Fruits and
Vegetables Quality and Safety for State Market Regulation, Key Laboratory of Quality and Safety Control for Subtropical
Fruit and Vegetable, Ministry of Agriculture and Rural Affairs, Hainan Provincial Key Laboratory of Quality and Safety for
Tropical Fruit and Vegetable Products, Haikou 571101, China)

Abstract: To evaluate the storage stability, dissipation dynamics and chronic dietary exposure risk of oxine-copper in
Citrus, field trials of oxine-copper residues in Citrus were conducted in Hainan and Jiangxi Provinces. The samples were
detected by high performance liquid chromatography and quantified by external standard method. The storage stability,
dissipationdynamicsanddietaryexposureriskofoxine-copperinCitrusfruitwereassessed.Resultsshowedthat afterstoringat—20°Cfor
180 d, the degradation amount of oxine-copper in Citrus fruit was less than 10%. The digestion rate of oxine-copper in the
Citrus fruit was in accordance with the first-order kinetic, and the half-lives of oxine-copper in Citrus fruit were 10.2~15.1 d.
According to the results of the dietary exposure assessment, the estimated daily intake of oxine-copper for all age
population was 0.0891~1.4584 pg/kg-bw, and the dietary exposure risk was 0.45%~7.29%. Oxine-copper could be stably
stored in citrus fruit for at least 180 d. Oxine-copper was easily degraded in Citrus. According to the usage specification of
33.5% oxine-copper suspension to control Citrus bacterial canker disease, the chronic dietary exposure risk of oxine-copper
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was within the acceptable range for the populations.
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1.2.1 FERATANEE  FREX 5.00 g AHAE e ul R A A
s 50 mL B0, A 3 g & AkEN, 10 mL 0.1%
TR KREERN NE IR AR (viv=1:9), IR
Ji€ 5 min, 150 W 87 20 min, 3800 r/min Z5.0> 5 min, &
BIEBCEEE, &3 FiEWRY . B S mL _BVEWT 10 mL
BT, A 5 mg GCB ECEHAHK, 1€ 2 min,
3800 r/min #5.0> 5 min, B 4 mL ISR THEF% 25 %
R, B ZE LI+, A 0.1% =5 SRR A
JIERNRATIE(viv=119) AR ZE 1 mL, 4 0.22 um
TR AEUE M U, A4 2 S4B A 0 3 v T 2 A5 i P s ik
R ) B AR, FH A MR A T P e
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&, FEIR 25 °C, PERERE 10 pl, Wi 1.0 mL/min, 2546
BEVRIE v(0.1% =3 LTRK) :v(ZHE)=9: 1, Kl
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i P iR R e PR, US43 BTEsE] 2/ 0. 30, 60,
90. 180 d. FRHEX 5.00 g A4t 2s AL F 50 mL
RVUGE M B A v, AR S TP BRI s bR, T 443
3528 2 mg/kg, 10 SRS, T 2 h KT
=20 °C VKAEPY o A U BURE I 22 it ik o e P i g Ao
il 2 AN FHAB AR A X R AR R 1AL B8Ok SE R
5 mg/kg WIAAG AR B FEAE W 2 4, @it 1.2.1 957
BT 7300 5 I 5 v A s bR R R R . AR PR
CO T A ARG 4 SR AE i ot R i nds bkl 7% B 1) 92
figel 7



%435 % 22

BRI, 2 MEMRRTER R P AOGEIRARE M TSl S B el KU T “3-

Di:(l—%)xloo = (D
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i KFaE, =2, WIARERRRE .
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3 YR, aZ55) 34 333.3 mg a.i./kg(1000 f%%), jitizh
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A €, S BsHTE] ¢ B A8 bR AT 5% BE B (mg/kg)
C, MR BRI RIS 0 d R Al R s TR 1Y) U 4% BE
(mg/kg); k MBFEAFHRERG T, , (D)
1.2.7 s s i XU PEAL AR P Y 7 B
56 v A AN IR R A N A R A A ARG T 2% s T A v
Wb 44 B4 F 4355 At (estimated daily intake, EDI)
(ng/kg-bw) . RYE EDI S5MEm4R 4 H R A &
(acceptable daily intake, ADI) ¥ H 43 Lt 45 21| 14s B4
P8 P P i £ 2% 528 IXUBS: ABE 2% (risk quotiety, RQ) (%) o
TR P

epp = STMR xFI £ @
bw
EDI
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FHT: STMR Sy s WA A2 A A7 v TS AV E
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STMR) (mg/kg); FI 3 EAS [FAFE RN R A9
& 7H %5 (food intake, FI) (g/d), BRI T b = E
P R SRR AL PR H 45 DY bw Sy TR S A
HEA A (body weight, bw) (kg); ADI Sy igsibkif
H i 3% A & (mg/kg-bw) , T FE HL 2 14 k4R 1Y
ADI 24 0.02 mg/kg bw!, 4 RQ MMHE < 100% B, &
N AR = A 0 XU 7R AT 322 Vs L =2 P9, 40
B/ N, XU B ARG 1 RQ FIMEL>100% I, 275 IXURS:
TEAN AT 257 5 ], BB, XSS A .
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AT S M T AEYS Empower 3 SEATECHE AL PR, il 4
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2 HBRESHh
2.1 FEFERER

BRI AR TE S P S AR BRI ECHI L 0.1, 0.2,
0.5. 1.0, 5.0 pg/mL MY R INBRHETAEWR, 4ELL 4L
AT, B SRR AR SR TN RE o AR
JoT LU BE SR AR R, ki I B A AR, LR
TAEphgk. 455 1F 0.1~5.0 ug/mL KITEFEKY,
H kP 7 Fi B y=125038x+1513, P58 R R* N
0.9999, ZBPESC R B 4f. 7E 1.2.1 BIRTALBE AU AR 45
A, DARIES Ay 3 A% M L X I 1% JoT o v 52
SE MEPRRAR {4 4G H BIR (1imit of detection, LOD) >4 1 ng;
WS B Te] R ARG 4 SR ISR TR o g e APRARG 0) B2 34 oy
0.2 mg/kg, PRt 5 1952 = FR (1imit of quantitation,
LOQ) A 0.2 mg/kg, #nEIfalsegs Ranse 1 pjr
7N PEAHAG A SR v, MEbfcql] (19 - 2 [ R oA 89.3%~
98.7%, AXF AR vE 22 (RSD) A 1.9%~3.7%; TEA 7%
SR b, bR AR %) -4 KRS 92.6%~102.2%, FH
XHARAE 22 (RSD) N 2.8%~5.5% . J7 1514 s B2 A
B ERF A CRAED A 25 5% B3 G DU YU S Bz 1)
FREA AT IR TR . A AR SR I LA 1.

1 WEMRERAE TG R SRR R B AS I Rl R R X BR A 22 (n=5)

Table 1 Recoveries and relative standard deviations of oxine-copper in Citrus whole fruit and pulp (n=5)

e VRIK T I (%) RSD
e (mg/kg) 1 2 3 4 5 SEIE (%)
0.2 85.6 87.3 89.2 94.3 90.3 89.3 33

LS 2.0 97.1 101 96.4 99.8 99.2 98.7 1.9
5.0 89.6 95.1 94.2 97.8 99.3 95.2 3.7

0.2 91.5 84.6 98.2 91.2 97.3 92.6 55

RN 2.0 103.1 105.2 99.5 98.7 104.3 102.2 2.8
5.0 91.7 96.4 94.5 88.6 95.2 933 3.1
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Fig.1 Chromatogram of oxine-copper standard solution, blank
citrus samples and spiked Citrus samples
T A MR BRERR G (0.2 ng/mL) ; B: A% 4 a8 HRE S
C: MR A SRR IR il (0.2 mg/kg) 5 D: A SR P28 FURE A ; E:

MR A SRR (0.2 me/kg) o

P2 WERHR/E R 4 R it i
FasE M R IR F- 2 mg/kg)

Table 2  Storage stability of oxine-copper in Citrus whole fruit

(spiked level 2 mg/kg)

AR G AR

PR emimene) BEIECR) I (%)
1 2 1 2 P 1 2 P
0 2.0 2.0 /o / 974 987 98.1
30 1.9 2.0 35 0 1.8 101.3 103.1 1022
60 2.0 1.9 0 45 23 997 1023 101.0
90 1.9 1.9 40 30 35 986 101.7 1002

180 1.8 1.9

2.2 FEMRSEZEHIE S AR AR E

i 2 AT DAAE HY, Mk 38 in 7K 2 mg/kg
PRI ARG 4 SRR I B fi s e g8 i, 5% BE s Al
K, BRGNS [T 97.4%~
103.9%, F& i i 1 56 1 ] nds bl 4] 19 B £ 32 o8 O~
8.0%, A HB 1A A PR ME A 7= it v A 245 5% B8 it R
PRI AE 7 FAE 1 30%, PRI k4l 78 L3 2514
W, AT AZEMHE AR e AEAE 180 d LA o
2.3 JHES

PR &L 2 AT, A T P8 R R a0 b ) A A 4 R
FESh R, MR ZY S 2 h, MEkAR Y LA TR 5501
A 1.40 F1 1.32 mg/kg. VLPGHIAEE SR G TR 5
TG EEHIARE S, P RE S 2 Ak IXUGEE | AR 24
P25 A G, [RIBAS RIS E i A BRIt 25520

80 40 6.0 99.1 103.9 101.5

MEMRHRTERTARG L AR = BEE I TR AOSE L, A
PR AR BA BB ITIAAIG, 224 30 d )5, YLPE R
i R SR 5 B8 R 0.32 mg/ke, FEFRRA TT%, 1
T bR i r s bR 5% B AT LOQ, R i A< i
85%. PHHIAHHAR 4= LA iy v AR £ 77 i S 2 E AT
G Bh J12F R TIPE Sl €, =1.33805e "™, g
S C, =1.04925¢ *°%; P R EL(R?) 4352k 0.9746
F0.8694; W50 15.1 d A1 10.2 d, J& T 5 1%
AN (T, ,<30 d) o R T HATHAR i s hicil] 1 5
fi R AT, e TR, 30T B 22 SR b a] v
[EERE Wl a1 S R A WA ER W S B L LR B 21 P SR SS9
TR, RN ST BAT O A ARG T b 11 5 B T A
FBR A ULIED 20 T AR R A SR PR i s R
BRI T e R
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Fig.2 Digestion curves of oxine-copper in whole
fruit of Citrus samples

24 BMERRZEXKEITM

MR e 28 5% B 0 58 31, kR AR et it nds nbk 4
3 W, RWitizh)Ja 20, 30 d RAEFESH I T EFH A7 4=
SR A A s AR B A, DLER 3. S5 IRERIAME 4
REEMZG S 20 1 30 d 195k BB iR 4G H (. (STMR) 43
SR 0.42 F11 0.25 mg/kg; FAG IR PIAE i b 2 R AG HY
s bR A 5% B, JHCER B 56 (B (STMIR) #%2 I LOQ
(0.2 mg/kg) P15 . AEIAFEIR B AR - E AR FIzK
ST P ok [ b RS R RN A S bR o R A
AR R AR ER XS PP 4 R UL 4, ghERER
BH, 25/5 20 F1 30 d PHA7 4 SRA% A A s o o) A 33
HIEARS 92 0.1872~1.4584 pg/kg-bw F1 0.1114~
0.8681 ng/kg-bw, 18 i £ 7 £2 XU E 2 45 551 K

K3 MEPRGTER R P R AR

Table 3  Final residue levels of oxine-copper in Citrus

MR 2 - RAEIRI ‘o TR B4 5K Bt (mg/ce) STMR
(mg a.i/kg) 25U (d) PRI 1T VWil (mg/kg)
2 L eSS 0.23 0.25 0.59° 0.65 0.42
333 5 HHERA <0.20 <0.20 <0.20 <0.20 LOQ
' % L e 0.20 0.21° 0.30° 0.33 0.25
HHERA <0.20 <0.20 <0.20 <0.20 LOQ

1 STMR Ha, b3 AN FHIME.
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Table 4 Dietary exposure risk assessment of oxine-copper in different populations

EDI(pug/kg-bw) RQ(%)
A LS I SHIN O 2
(%) (kg) (g/d) HHE R A HHER A
20d 30d 20d 30d

2~3 12.7 44.1 1.4584 0.8681 0.6945 7.29 4.34 3.47

4~6 16.5 49.3 1.2549 0.7470 0.5976 6.27 373 2.99
7~10 223 47.0 0.8852 0.5269 0.4215 4.43 2.63 2.11
11~13 34.05 46.3 0.5711 0.3399 0.2720 2.86 1.70 1.36
14~17 45.95 53.3 0.4872 0.2900 0.2320 2.44 1.45 1.16
18~29 55.25 474 0.3603 0.2145 0.1716 1.80 1.07 0.86
30~44 60.3 40.7 0.2835 0.1687 0.1350 1.42 0.84 0.67
45~59 60.05 34.7 0.2427 0.1445 0.1156 1.21 0.72 0.58
60~69 57.95 34.3 0.2486 0.1480 0.1184 1.24 0.74 0.59

>70 54.75 24.4 0.1872 0.1114 0.0891 0.94 0.56 0.45

0.94%~7.29% Fl 0.56%~4.34%; FH 7% 5% Py i 14 k4l
A H AR AR N 0.0891~0.6945 pg/kg -bw, 181
TEEr R R RS TN 0.45%~3.47%., TEARE FTE
{8 FH 33.5% MEMRERETEN], X — M AR A 237
AT 232 RS o BB SR AR A SR RIS Y v ity sk
ERAEAS R i e R T 1 2 B8 XU, B A KOSP4,
(RS2 TR S SR MR, ) LEE I RUS K2 i T
AT
3 #ig

TE—20 C MIEFE ik 180 d, AHHAZ A HAE S
W DM P R SRR T 10%, X1 IH s i) AT DA 8 A
TEAAG AR S . [RIASE 1 R R L PG P b A TR %
B, AR SRR S S5 itE 24 33.5% MAE MR B 77 7
3 ¥R, iaZ5 )N 333.3 mg a.i./kg(1000 f%%), jitizh
(IR 7 d, FH A A nds bk 14 2% B e Bl 2 BT A) A 2 4
BETEAR, FOE AT & — Rl 1 1, =
10.2~15.1 d. MRIEMIEEE B P E SR AR
PEAT IS B 2R R AR DAY, 25 SR B, FEAT AR
Ju i FH 33.5% MEBAR SR, FREAS R A AE T
M bR AR A 344 H 3 AR M 0.0891~1.4584 pg/kg-bw,
HAS PR R R KR /N T 10%, TE R B232 70 B Y, 4k
T KN
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