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ABSTRACT: Objective To evaluate the residue dissipation dynamics and dietary intake risks of sodium

dichloroisocyanurate (DCCNa), prochloraz and its metabolites in Myrica rubra Sieb. & Zucc. Methods The residue
dynamics of DCCNa, prochloraz and its metabolite 2,4,6-trichlorophenol in Myrica rubra Sieb. & Zucc under room
temperature and cold storage conditions were quantitatively analyzed using liquid chromatography-tandem mass
spectrometry (LC-MS/MS), dietary intake risks were further assessed. Results There was a positive correlation
between the concentration and residual amount of DCCNa and prochloraz in fruit soaking, indicating that higher
dipping concentrations resulted in greater initial residues. The dissipation dynamics of both pesticides in Myrica
rubra Sieb. & Zucc followed the first-order kinetics. The half-lives of DCCNa were 0.5-0.9 days at room temperature
and 0.8-1.1 days under refrigeration, while those of prochloraz were 1.1-1.3 days and 1.5-2.1 days respectively.
Additionally, the content of 2,4,6-trichlorophenol, a metabolite of prochloraz, exhibited an increasing trend during
storage. Dietary risk assessment demonstrated that when Myrica rubra Sieb. & Zucc were treated with DCCNa (15
mg/L and 60 mg/L) or prochloraz (45 mg/L and 180 mg/L) solutions for preservation respectively, the acute dietary
exposure risks of both pesticides in at the highest residue levels remained within the acceptable limits. Moreover,
acute dietary risk values of DCCNa and prochloraz in commercially available Myrica rubra Sieb. & Zucc were lower
than those in the experimental treatment groups, with all acute dietary exposure risks below 100%, indicating
controllable exposure levels. Conclusion This study clarifies the degradation patterns of sodium DCCNa,
prochloraz and their metabolites during the storage and preservation process of Myrica rubra Sieb. & Zucc, providing a
theoretical basis for the scientific and standardized use of fungicidal preservatives as well as quality and safety regulation.
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WiH(Myrica rubra Sieb. & Zucc)fE 3 FE /5 454 1)
IR, FESAALEWIL, LIHRFEEZAE, Hhwisk
XU b RS HA = KR R AR KPR
PETEPEY S A A, LA REEH, TURIRE, RS2 9
FHBEC S, R0, T H MR R, RIS R
5 O R T A AR R i R R B, AR
PR3 B 2 A A T L P R B A A% B 5 LA By L2 5 52 E i
FEFIANE R ER ISR

TS RRR R — R T A R L TR, B
TTZ AT REEFE A . KK R E R, HE TR
Jei T K AR A TR IR, I AUk SR I 2B O S A Ak
F, RREE . AN A N L A BUR U Y HAT IR ACR K
PERIU. DR — I3 Rk AR A BRI A
IR0, JFE 3 A ) R PR 22 A B R A G i, BB T A
JLRE, AT 42 O o 0 % BT B 6 T U1 H R, GB
2763—2021 (&AL LA FEGEARE B AR 25 i Bk IR
) A A SR S R BREN 14 5 Rk B R AR

BRLAE, WRAERE SR P 00 AR (A AR ) 2,4,6- =4
R B RN, B RER A BREN 7 mg/kg. BREEHEA T4
2,4,6- =R A BS80S MB s BN, next AJ
P2 RGP R G0 A R, s ke dE X8
R WK RE AR ST s o M, 2,4,6-
R BBl 3 E ISR AR B SN e s e, RE K
RS hiTs Yt 45 53 ) R4 HLah A 5 W s 4 B 119200

TR SRR TR AN R e A A A PR AE 2, Ay
90 FE T AR 11 JEE 0 0 B I BT v o SR, JRIAIE & B
53 T WRAE R ARESR I P11 TR R RS P A 24, il iR
W SF AT BT R R, BN T MR S A 2 5% R
o 2022 48, WivLAa Th 3 W B A8 BRI G- VA Al A B
TENRT (it . REBMEETIUAM T E ) (W
K (2022)16 5P, LI 36 S BUAE 1L 40 7 1 i
FHHH (B 7 36 28 R R PR q (R EE RS . b2
JRHRAEGHER G R EE P BT A k8], A= nl 68
WL TSN AR R A AB BEEZRA, FERZ
FRE R . BRI Rk 24 5% B ah A T 2 2 5 XU
W RS B T X, ZHAO 5Py T AR LB Fi
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VR 2T WK S B TR R RO 6 v P A B B M R 2, A5 RER
HY, U R i i A BV J3E X L AE AT AR w18 5% B Vi o
Yy BTN, AN [A) I RE AT DK G g 1) 30 it B A
5%, FANG 5PN PE T AR b B0y T WKt e Kz AR
Y 2,4,6- = SR 1R I HGH e v B i 2 25 R R
WU, ke BT A & — s 1 r B, R 57.8 d,
L B KU b T AT a2 K SR S P o 1wk fi fri 2%
FCA YL 75 B fR v i 5% B S A S 4k, e SR
i JPie % P e R B IEAR G, RIBISHS 7 d AR
B, EASVERE SRR AL T AT B2 E . AR,
KT RS TR RN b 5k B 8l 2 B LR B XU
RIS G DL A E

PO, A BF 5 R BT WCAR @ 3% - &5 15 B3 (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)#
ARSI Al A b — S TR IR B . DR i e LA™
Pk B B ST AT, i R GRS WA R G
FVTEAZ A 0 B0 B A 2l 3 27 AR D EA 7 6 1 52 50 KUBS DFAl
B TERFA PPN 2 At BT S RS FH 25 F A 0 o 22 4
A TR AR

1 MR5ERE

1.1 RS

TH A7 5236 19 A A R R A T T VL 48 A Wk T A A [
PRI IER TR . KNGS O B Bk 2 g
RSN AR, [R]BSF 2023—2024 4F 5—6 J 1]
MamEE . WWEA . TARE. IWRE. BTAE%E S M9
AT T B EALIRARE, R AE AR BT A T A e A
b 166 IR, FHTIPAG SEBR T 5% B AT 09 AN HERE 2 RUR .

TR FURBR AN AT R R A B 50%, 1
RAE MR RARAR 2T ), WK i K 3L (A R0 o & i
450 g/L, WL RFEYRIHAAIRATR), FEE. L%,
i Merck 2vhl); LA, JOKBRBRE: . AR AN %
HIKEY) . FEERN ZKEW (e, R s AR
AR, WRRALHLE, LigBHr T AR R A
FR 2N &), A7 2 4k Bk 2 (raphitized carbon black, GCB)
(40~120 pm, T =ZALFFRHATIRAHED); Cig. & HE-N-NJE
e R B 6 751] (primary secondary amine, PSA) (40~60 pm,

KA SR R A, SERACH IR IR K(—Z0K,

W B B AR T o
1.2 UE5EE

LC-MS/MS-8050 i AH £ 33 3 73 ¢ A ( H A< & HE s
F]); DXW-2500 i BEdR 2 (L GF BULAR) 5K); 2011F145-1 H
TRAFHEEE 0.01~0.0001 g)(F3 M 745 B 1A BR2Y |l
KQ-250DE Hi4 i 75 18 3 e v (UM SOKR IR BB A BRA 7))
KH20R 733 ¥ V4 ol 8 ML RS BL A Rl 22 AU AR A BR S

); LB-125/248 K A IWAL(F & W AR B A FRA A,
{638+ ACQUITY UPLC® BEH HILIC (2.1 mmx100 mm,
1.7 pm) ., {434 ACQUITY UPLC® BEH Cjg (2.1 mmx100 mm,
1.7 pm)(ZE & Waters 23 7))
1.3 XWHE
1.3.1 BP R FRRBM . RSN X G R e

ARSI NY/T 788—2018 (RAEYyhak 2455k 7k
IGWEN ) JFIR. iR ST EUA A B, RIS I OK R
1 min J5B;i W, LAHEBRSE A B .

SIS SRR R, I B AR R
(4 °Cx1 °O)FIHL(20 °C£1 °C); [AINFBEE 5 KB, f45
25 FXHIRZE (T /KIR L) L 15 mg/L —SA S BURBRANLH . 60 mg/L
T RATIRTREN . 45 mg/L BEEE R AN 180 me/L BREERK
H, B 3 AEE  HIRE RIAMER S I IR
DI Bk B AR 1 min, HARBETEHEHBSNE A%
Mt e & e . Hoh—d RS IREE A 4 °Cx1 °C, A%
M EE A 80%~90% 11 VK AF rf I ; o5 — 4K dh il & T
20 °C£1 °C. MRHEEE N 45%~60%H H IR FR5E IR

FFEMIE A 2h M1, 2, 3, 4, 5, 6d, EAMEIRG
W, HEMAEEOIKIEEA 50 mL .08, T
=20 °CHA TR URIEE, 55 22 Hil
132 Mt — RS FURBRAN .. RS R A= 4 6g 45

(1P b oAk 3

ZARFURBRNETAR R s WERRARI S g BB
trE by, BT 50 mL .04, FEINA 25 mL 0.35%%7K
ZIEEWE, A€ 1 min, BRI 20 min, 7 6500 r/min 5%
T B0 10 min, B 0.750 mL $2H0&, MMAZE] 2 mL %k
B H(Ci5 50 mg, PSA 50 mg), FHIIA 0.750 mL ZJiE, RTE
1 min, 7€ 6500 r/min 45{F 7 2.0 5 min, W 1 mL FI5W
1 0.22 pm JR B UERE, LRSI R .

R R AT AL P v HEBRFRI 10 g ¥IBTE AR Bh
F 50 mL B0, A S PHEHET, SREIA 20 mL
T 10% LR IE . 6 g FAkaN, #5515 FIHE(RE 10 min,
FH IR 6500 r/min B0 5 min; WH FIEW 10 mL 25—
L&, A 900 mg TE/KBRAREE . 100 mg PSA #1100 mg GCB,
TYRIRJE 10 min, 250 S min; HEFRZELS mL FEIR TS mL
BT, AVGET, MIA 2 mL ZIEE%, B 1 min, 1
Bl mL B3 0.22 pm R B uEE, EHUSINGR R i

(Q)fSFRAG I £ 1

AR TIRRM A LM A% A ACQUITY
UPLC® BEH HILIC (2.1 mmx100 mm, 1.7 pm). FzhHH
10 mmol/L Z, & % 7K i W (A) M Z JIE (B), % B ¥k i
(A:B=50:50, V:V), SJi# K 0.2 mL/min, R4 30 °C, ik
FERF 10 pL.

TR RURBR ARG S N 1 PR
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Table 1 Mass spectrometry conditions of sodium

dichloroisocyanurate
i H ZH
Rl e 11 EST (MRM)
EUNE BV 4.5
AR /(L/min) 2.9
TS /(L/min) 10
TSR /(L /min) 10
O/ C 300
J 454 DL i BE/°C 250
SRR EE/°C 400
L8 L /e V 17; 13
BB F(m/2) 128
TE T (m/2) 41.95; 84.95

2 /O Wi (multiple reaction monitoring, MRM); Hi I 55 B 1

i (electron spray ionization, ESI).

WK 5 Jiie T AH (3% S5 1 @i i ACQUITY UPLC®
BEH Cjg (2.1 mm=100 mm, 1.7 pm). W BIH R —%K(A)
FIFE(B), M A 0.4 mL/min, FEIRAS 40 °C, HEREATH
910 pLo BB VR F L3R 2.

®2 BERBRERF

Table 2 Program of gradient elution

A58 BE I [B] /min B A/% Wi sIHH B/%
0.0 70.0 30.0
1.0 70.0 30.0
2.0 0.0 100.0
5.0 0.0 100.0
5.1 70.0 30.0

R A R B 25 1 s Xk BSLIE . s AR,
K MRM; IE 08 7% 44 L3 3.
T3 BREERRR 2,4,6- =S ABMMRILESHK

Table 3 Mass spectral parameters of prochloraz and
2,4,6-trichlorophenol

" (M'2) (M'2) N feV
) 308" 140 17
Wk fif fiie 376.1
266 140 23
24.6-=4 160.9 -75 -28
T H 196.8
A 94.9 75 45

(3) Al A 5 P B
AN FE R T SR 5 X 1 o o5 T P 5 164 73k 2 2 A

TR o 0 )T R o 5 T 0 g A2 D B o v
VSR, UMK BERS B R 0.01~0.50 mg/kg. T RIARUE
IR A, DL 3 AEE I E (SIN)VE Sy At PR
(limit of detection, LOD)H] & by ifk .

PSR SR, TRRS ISR
HUIC BARAR 2558 B8 (AR E S VE R 28 (USRI, MEGRARER 3 1)
SEATRERL(RESY 5.00 g£0.01 @), 43N 0.1, 0.2 F1 0.5 mg/kg
3 AUBERSRE I S S HURBRENAR VR, T IR 4
B, TRIFEHEGRFREL 3 (3 bt P-4 TRE S (B33 10.00 g+0.01 g),
Ay HIIN 0.0250, 0.0625 F1 0.1250 mg/kg 3 R EE K FHY
WK PR . DA S i E s AN ER, i
e BE K SE T B9 N BR [ 08 2R K AR X AR UE i 22 (relative
standard deviation, RSD), X RSD {HIFAL G 2
14 2ME|RRENK

SERE R WRE LT 45 | d B N 2R
i, Y —E KO R AR 25k B R T R S XU )
AU EHAMRE A, U &5 FURR
BT B JHie 5% B PT RE T B AR SRS B AR e XU, AR
(Dffiit4% H $% A & (estimated short-term intakes, ESTI):

LPxHR

ESTI=——— 1
— M

AP BSTI WA A A HE, mg/(kg bw + d); LP AL
N KRBy %H (large portion, LP), kg/d; HR A7 5% F1 1 fift
S AR R 24 1 H 1 5% B8 (L (maximum residue levels, HR),
mg/kg; bw KT (body weight), kg

SR AR (%ARD) A4 H A ENATIITHE S &
227 & (acute reference dose, ARfD)J LR, T4
()it

%ARMD=> 1
ARD

%100% )

A ARD 2 S EFE, mg/(kg bw * d), 24%ARD<
1, FnREETTLAEZ; M%ARMD =1, FRB AR
Z IR
1.5 HUELIE

S B R GE T A S AT AL AL PR 43 R F - Origin
64 Fll Microsoft Office Excel 2019 #4528, Frfa 455844 L)
e b o 22 T U B

2 HREDH

2.1 FHEWNE

TR EURBREN |« WK S AU A S RS T
TR . LOD, ERBR(limit of quantitation, LOQ)
m3k 4 Pon, B SELSRNOR 5. SHPE
0.01~0.50 mg/kg W EEFIN Y R RIFIL IR R, Hik
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PEAR A 3 A 5 R B () HEATIEAY . 4R EoR, PR R
WAREEIG o KT 0.9, Hh B RURBRENA LOD
1 LOQ 18435 0.0085 mg/kg F1 0.0280 mg/kg, BkEEHE
KA 2,4,6- =W LOD Hl LOQ {HI443 5N
0.0011 mg/kg F1 0.0036 mg/kg, J7ikR BRI .

FENAR RS g, AR O A R EUR R A
0.1, 0.2 F10.5 mg/kg 3 MESHIHEE KR 1 BICR Ay
60.2%~70.6%; WKEENE K 2,4,6- =S ABATE 0.0250, 0.0625
1 0.1250 mg/kg 3 AN 0k B K TR B R ICR Sy
86.6%~92.7%, WFIAEIRESRI RSDs B/NT 9.9%, #
Wk A B RS R . LR BISCR A RSDs 45 11
JE NY/T 788—2018 [$i RER, FRBHFrgsr 17 ki 2
B AR5 T 90 A T s

x4 BEP_SREUIREMN. WEEK 24,6- ZSUKERILM
72, HEXFRK. LODs & LOQs
Table 4 Linear equation, correlation coefficient, LODs and
LOQs of sodium dichloroisocyanurate, prochloraz and
2,4,6-trichlorophenol in Myricarubra Sieb. & Zucc

XK. LODs LOQs

R4 b :
" ZH() (mgkg) Amgkg)
AR Y=3135.2+1025.9X 0.9440 0.0085 0.0280
TR : R ' '
Ik £ e Y=9886.4+3441.7X 0.9987 0.0011 0.0036

2,4,6-— KM Y=1763.2+825.54X  0.9988  0.0011 0.0036

x5 MEP_SRERERW. RERK 2,4,6- ZREFEB MR
Bl ERIEEE
Table 5 Spiked recoveries and precision of sodium
dichloroisocyanurate, prochloraz and 2,4,6-trichlorophenol in
Myricarubra Sieb. & Zucc

WK

P2 2 FR [Ee#/%  RSDs/%
/(mg/kg)

0.1 60.2+1.2 2.7

ZARFURRR N 0.2 65.3+2.3 3.1
0.5 70.6=1.1 5.5

0.0250 86.6%1.2 3.7

Ik i iz 0.0625 89.2+0.6 43
0.1250 92.7+1.1 3.2

0.0250 87.4%0.5 5.6

2,4,6- —F A& 0.0625 88.3+1.2 3.6
0.1250 89.9+0.8 42

22 ZERERERMMKEERE KL 2,4,6- =S KB
W RERES

AW RGHEE T MHER S04 15 mg/L A 60 mg/L
THASREIRIRAN . 45 mg/L FI 180 mg/L WK AN S, 1
AR SRR T (4% B TS A B0 SRR . T PR A i 1 5
BA AR R i K AR 2,4,6- = SR IO BRI, SEIh 4
R, HRIEAR C=Coxe T — 58 5 TR BR Gh Ak fef

W AER MG P R A s S RF & — BB 124 O s, € 3=
PRAR 2T I 2 B 5k B R B (B - mg/kg), Co R AR 25 HIH)
F5R BE VR FE (B mg/kg), K R B R 4, t R A e
[E] (BT s d)(HHSC B 1 BB W3 6). S FUR
PR 0 7 T RV A5 1 T 2 4R 0.5~0.9 d .
0.8~1.1 d, A5 T~ IbK fief Ji 76 FH 107 IF 98 2 140 T 40 21 28 30 (o i
1.1~1.3 d; W37 1.5~2.1 d). &5 R HIREE /e b A
SRIGFRE TR BEAh, X HCAS RN JR0 B T 1 e e ik 3 R B,
PR A TR PR B A B TR AR A A 8 8 AR 1, X
AT R TR IEEREE A T R B CRAE ) a2 |-
IR 25 5 A b MR i 2% T P e 590 ) £ 4 fi P R 3 P s il
PTG PSR

Fo6 _SRERBRMFAREREMETREBRSRERYRY
Table 6 Elimination equations and half-lives of sodium
dichloroisocyanurate and prochloraz in Myricarubra Sieb. & Zucc

K2 W FrEvkE MRAL

THfg I

S &K (mg/L) (@) Jl
N 15 C=0.086¢ """ 0.8065 0.8
B
—AsE 60  C=0.125¢*"  0.9564 1.1
IRERE 15 C=0.052¢°® 09754 05
H
60 C=0.112¢"%  0.9774 0.9
. 45 C=2.96¢ 1167 0.9289 1.5
s
_ 180  C=4.21¢0 0.9351 2.1
\//‘ ‘ﬁ»
i 45 G272 09557 1.1
o

180  C=3.53¢ " 0.9276 13

WE 1R, FEARECRE R T, —ERF5UR
PR BN BR B B (] 52 R B B R 3 d i)
B SR S AR B G, R BOC I Ak S AT RR B A
W Figrh S S FIRMREN IR TR R AR AR R g 414
TAEAE 2R . SLIAS R, 60 mg/L Sk BEALFR Y
MEFER A T R IR DT L = 0 TRLAS R 7RV A
TR I, AR FIRIREN AR A R RS AR E K
-, RUMIRIR REA AU M IR SE bR 2 Y B A i e . 58
U5 4 TR EH H ARG IR Y9 45 1 o A A it SR A A 2 3R BR A
WY

WE 2 PR, ikt sk i sh S E S A5
PREREMHEA —F. Z5 TR, 45 mg/L WKEEH b B 7LV A
RS T RTG53 3.82 mg/kg FT 2.53 mglkg;
1M 180 mg/L AbFELAEAHR 454 N MR LR TR R 4 51
3.84 mg/kg 1 3.53 mg/kg. WG P, F R A4 T I
23 d A, BREESREE EFZE 1.18 mgke;, HILZT, ¥
AT RT3 6 d J5, 45 mg/L F1 180 mg/L &b FRLH fy 5% B3
53904 1.31 mg/kg Fl 2.64 mg/kg, 45 RFEFEFR, W
JEE KT R A i ) o i o B ELAT S ), IR S AT R
YERREOR A e 9 R 1 o
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i 3 pros, BREERACE T 2,4,6- = SR AL
Tl b 96 25 14 T 110 5% 0 0 ) o A O ) ) S 17T 14 o
X — & B R S K PR s R 2,4,6- = G R
W it Bl A5 0 52 00 5 SR AH — B0, 38 3 X B AN () kR Ik ik
Jiig b B A A A P B AR % B, A R TR) O T s R Y

S H IR R DA T BE AL PR B 2,4,6- = UK I Ak
K32 R TR, X — B4 AT RE 9 i R XA
W R B R WA G, BV R B BRI E AT RE (2 2E 1K
i 2 1) 2,4,6- = SR 00 e A A, AT B ) AR
E RS

& 014 ® 0.14
E’) —=— 15 mg/L EB —=— 15mg/L
% 0.12 —o— 60 mg/L gﬂ 0.12 —e— 60 mg/L
g s
i 0.10 | i 0.10}
ax
% 0.08 | = 0.08 -
& &
B 0.06 | [ 0.06 -
0.04 | 0.04
M 0.02 . . . . . . . 0.02 . . . .
0 1 2 3 4 5 6 0 1 2 3
e R %ud 186 3!
E:a. WHUZEPE, b WA, T,
K1 RS EURRRNTE G P IR 3 &
Fig.1 Degradation dynamics of sodium dichloroisocyanurate in Myrica rubra Sieb. & Zucc
“ a0 ® 40
—=— 45 mg/L —=— 45 mg/L
351 —e— 180 mg/L 35l —e— 180 mg/L
0 C)
= 30 =
£ F £ 3.0t
B 25| ol
e 5= 2.5
& &
2.0+t L
% % 2.0
% 15 £ 15f
1.0 - 1.0f
0 1 2 3 4 5 6 0 1 2 3
8¢ TS| TR Kud
P2 BREE A A P B R 37
Fig.2 Degradation dynamics of prochloraz in Myrica rubra Sieb. & Zucc
a b
0.040 0.040
0 —=— 45 mg/L ) —=— 45 mg/L
< 0.0351 —e— 180 mg/L %, 0.035F  —e— 180 mg/L
£ 0030} £ o030}
e i}
BE 0.025 g 0.025f
g 0.020 | g 0.020f
# 0015F Eﬁé 0.015}
l{ﬂﬁ 0.010 - HI' 0.010
' o
% 0.005 < 0.005
& o /
O O 1 1
0 1 2 3
e il d s e /d

K3 2.4,6- =5 RBHEM T Rl
Fig.3 Degradation dynamics of 2,4,6-trichlorophenol in Myrica rubra Sieb. & Zucc
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Table 7 Results of dietary exposure evaluation of sodium dichloroisocyanurate and prochloraz on Myricarubra Sieb. & Zucc at different
storage temperatures
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Table 8 Results of dietary exposure evaluation of of sodium
dichloroisocyanurate and prochloraz in commercially available
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