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Abstract: [Objective]The present study developed a method to determine of spirodiclofen based on lig-
uid chromatography triple quadrupole mass spectrometry (LC-MS/MS), which is widely used in analyti-
cal labs. We investigated the behavior of terminal residues of spirodiclofen in dragon fruit and flesh un-
der field conditions, risk assessment for dietary intake based on supervised residue trial data, the effects
of application frequency and rate and of the interval to harvest on terminal residues.[Methods]The su-
pervised field trials were carried out in six provinces in the year of 2018. Two treatments were included
in this study to determine spirodiclofen residues at high and low application rates. Each treatment had 3
replicated plots, and each plot consisted of 2 dragon trees. The low application rate was 80 mg- kg and
the high application rate 120 mg-kg"'. Both the low and high application rates were used in two or three
applications (14 days intervals each). The dragon fruit and flesh were sampled at 7, 14 and 21 days after
the last spraying. Immediately after collecting, the samples were put into polyethylene bags and trans-
ported to the laboratory. The fruit stalk of the dragon samples collected in the field was cut off. The
dragon fruit were evenly cut into 4-8 portions along the longitudinal direction. The nonadjacent fruit pet-
als were divided into two groups. The first group was used to prepare the whole fruit samples, and the
second group was used to prepare the flesh samples. All the samples were crushed with dry ice and
were packed in polyethylene bags, labelled, and stored at =20 ‘C until analyzed. 10 g subsample of ho-
mogeneous dragon fruit and flesh was put into a 100 mL centrifuge tube, and 5 mL distilled water, 20

mL acetonitrile (HPLC grade), and 2.5 g sodium chloride were added in turn. The sample was vortexed
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for 10 min at high speed on a vortexer. The mixture was centrifuged at 4 000 r-min' for 5 min, and 2
mL of the supernatant was transferred to a 2 mL centrifuge tube containing 0.05 g PSA and 0.02 g
GCB, vortexed for 1 min at 4 000 r- min' for 5 min, and filtered into a glass autosampler vial through
0.22 um pinhole filtration membrane for LC-MS/MS analysis. The column used for spirodiclofen deter-
mination was a Shim-pack GISS (2.1 mm x 50 mm, 1.9 pm), maintained at 40 ‘C. The mobile phases A
and B were acetonitrile and water with 0.1 percent formic acid (80:20, V/V), respectively. Electrospray
ionization MS in the positive mode was performed. The flow rate was 0.3 mL -min". The cone and frag-
ment voltages were 16 eV and 11 eV, respectively. The temperature and flow rate for drying gas were
400 C and 10 L - min’', respectively. The ions monitored in MRM were m/z 411.1/71.2 and 411.1/
313.05 (qualitative ion pair), and 411.1/71.2 (quantification ion pair). The retention time of spirodi-
clofen was 1.3 min at the above conditions. The IEDI was defined according to the formula IEDI=[ST-
MR; (or STMR-P;)xF]/bw. The ADI% was calculated according to the formula ADI%=(IEDIx100%)/
ADI. [Results] A standard calibration curve of spirodiclofen was constructed by plotting the analyzed
concentrations against the peak areas. Good linearity (y =28 570 214.614 9x+9 992.204 6) was achieved
in the range of 0.002 to 0.5 mg- L', with a correlation coefficient of #=0.990 0. The recovery study was
conducted for dragon fruit at three different fortification levels of 0.01, 0.1, and 5 mg - kg™. The average
recovery from the fortified samples in five replicate experiments ranged from 87% to 105%, with a rela-
tive standard deviation (RSD) from 4.6% to 13%. The limits of quantification (LOQ) were 0.01 mg kg’
for dragon fruit. The recovery study was conducted for flesh at three different fortification levels, 0.01,
0.1, and 1 mg - kg''. The average recovery from the fortified samples in five replicate experiments
ranged from 81% to 90%, with a relative standard deviation (RSD) from 6.6% to 81%. The limits of
quantification (LOQ) were 0.01 mg-kg' for flesh. When the intervals to harvest were 7, 14, 21 day, the
residue levels in dragon fruit were less than 0.71, 0.23 and 0.68 mg - kg, respectively and those in the
flesh were less than 0.14, 0.059 and 0.041 mg kg, respectively. Under identical application dosage and
application frequency, the residue decreased with the increase of interval to harvest, indicating that
there was a negative correlation between the residue and interval to harvest. However, under the same
application dosage, application frequency and interval to harvest, the residue in the whole fruit was
higher than in the flesh. The international estimated daily intake (IEDI) of spirodiclofen was 0.003 1
mg, and the ADI% was calculated according to formula and found to be 0.5%, the potential health risk
induced by spirodiclofen was not significant based on supervised residue trial data. [Conclusion]A spe-
cific, sensitive and simple residue analytical method using LC-MS/MS for the detection and monitoring
of spirodiclofen in dragon fruit and flesh was established. When the application of spirodiclofen fol-
lowed the recommended methods, the potential health risk induced was not significant.
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Tablel MRM parameters selected for spirodiclofen analysis

K2 E VB TR SE R RS TiliAiE i

P 7ti id Qualitative ion Quantification Collision
estieide pair/(m/z) ion pair/(m/z) energy/eV

W 411.1/71.2 411.1/71.2 16

Spirodiclofen 411.1/313.05 11
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Table 2 Evaluation table of matrix effect of spirodiclofen in the whole fruit and flesh of dragon (Peak area)

VA7) ) BE T Solvent and matrix

plme: LD 2757 Pure solvent 4RI Whole fruit matrix WAFET Flesh matrix

0.002 71879 54 638 63 321

0.005 158 549 118 511 152 347

0.010 320 164 279 066 301438

0.020 651423 499 836 573 095

0.050 1534785 1400078 1442 023

0.100 3521254 2965 378 3174 230

0.200 7225737 5690077 6117293

0.500 17 646 001 14 544 332 13 875 580

ENEppE y=35482 516.380 5x- 42 900.003 7 =29 104 260.063 3x- 32 945.334 5 =27 929 666.934 2x+ 115 714.053 7
Regression equation

r 0.999 7 0.999 9 0.997 9

ME/% (35482 516.380 5-29 104 260.063 3)/ (35 482 516.380 5-27 929 666.934 2)/

35482 516.380 5x100=18

35482 516.380 5x100=21
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Table 3 The fortified recovery of spirodiclofen in the whole fruit and flesh of dragon %
f IR 5 Repeition A HIAS bl (22
Sample Fortification . Average fortified Reliatlye standard
level/(mg-kg™) 1 2 3 4 5 recovery deviation
K 0.01 104 108 98 115 99 105 6.7
Dragon fruit 0.10 115 91 86 97 83 95 13.0
5.00 84 87 93 90 83 87 4.6
RA 0.01 90 80 77 82 75 81 7.4
Flesh 0.10 92 82 76 78 88 83 8.1
1.00 98 89 85 84 93 90 6.6

VE:1~5 9 5 NEK . Note: 1-5 mean five repeats.

TP BRI N HAS () i 24 70 5 i 24 ) B AR AL
AR B 28 B B A U 5 R R 4. KOe R R
WER g T 5 £ T B B, SRR B 7 B, AR 7P
252 KR R B N<0.71 mg - kg, i 24 3 VRN BR B A
N<0.61 mg-kgs LAH; 718t 245 2 O 5 B B <

0.27 mg - kg, iti £ 3 IR I 5% B & 9<0.45 mg - kg''-
SRS TE] B 14 d B, DG 77 5t 24 2 TR Bk B B R <
0.17 mg- kg, i 24 3 I 5% B & 9<0.061 mg - kg
DAt 771 8 it 2] 2 0B Ak BE 8 9<<0.23 mg kg !, i 24 3
RIS 5% B 5N <<0.19 mg -kg's SRULTREIFE 21 A, BA

x4 AERERMRATIZHIERLZEENE@=3)

Table 4 The final residues of spirodiclofen in dragon fruit and flesh (»=3) (mg-kg")
Rupppy JEARE v Td tad 21d
Test place Application . Application 45 TR 4 R 4 By
dosage/(mg-kg") frequency Dragon fruit Flesh Dragon fruit  Flesh Dragon fruit Flesh
g 80 2 <0.01° <0.01° <0.01° <0.01° 0.011+0.0017  <0.01*
Hainan 3 0.017+0.001 5  <0.01° <0.01° <0.01° 0.014+0.0053  <0.01°
120 2 0.020+0.0057  <<0.01° 0.01540.0021 <0.01° 0.010£0.000 58  <<0.01°
3 0.036x0.004 5 <<0.01° <0.01° <0.01° 0.015£0.0030  <0.01°
HL 80 2 0.20+0.060 0.02140.0072  0.12+0.039  0.013£0.004 4 0.055+0.029  0.014:0.002 3
Zhejiang 3 0.19+0.10 0.045+0.023 0.061£0.046  0.02120.006 1 0.068+0.0056  0.019+0.003 5
120 2 0.27+0.059 0.03240.0059  0.19+0.020  0.018£0.0032 0.089+0.033  0.020:£0.000 58
3 0.25+0.012 0.040+0.001 0 0.19+0.076  0.023+0.006 1 0.028+0.016  0.033:0.004 5
P 80 2 0.025+0.014  <<0.01° 0.026£0.025  <0.01° <0.01° <0.01°
Yunnan 3 0.016+£0.0038  <0.01° 0.015+0.0050 <0.01° <0.01° <0.01°
120 2 0.15+0.15 <0.01° 0.035+0.0070 <<0.01° 0.012+0.0035  <0.01°
3 0.095+0.037  <<0.01° 0.048+0.008 0 <<0.01° 0.010+0 <0.01°
gl 80 2 0.71+0.24 0.14+0.012 0.17£0.061  0.018+0.013  0.16=0.055 0.016+0.010
Guizhou 3 0.61+0.27 0.066£0.007 6 0.046+0.026  0.034£0.021  0.066£0.014  0.032+0.019
120 2 0.13+0.023 0.093+0.021  0.23+0.053  0.059+£0.015  0.083+0.24 0.012+0.005 8
3 0.45+0.14 0.054+0.030  0.022+0.0056 0.022+£0.0053 0.055£0.013  0.041+0.006 8
i 80 2 0.014+0.003 6  <<0.01° 0.010£0.000 58 <<0.01° <0.01° <0.01°
Guangxi 3 0.012+0.0040  <0.01° 0.010+0.000 58 <0.01* <0.01° <0.01°
120 2 0.027+0.012  <0.01° 0.019+0.004 6 <<0.01° <0.01° <0.01°
3 0.016+0.004 5  <<0.01° 0.029+0.005 5 <<0.01° <0.01° <0.01°
S 80 2 0.083+0.040  0.026£0.028  0.031£0.014  <0.01° 0.026+0.0026  <<0.01°
Guangdong 3 0.300.11 0.010+0.000 58 0.018+0.007 1 <<0.01° 0.035£0.0036  <0.01°*
120 2 0.2320.060 0.017£0.006 7 0.012£0.0029 <<0.01* 0.073+0.009 1 <0.01°
3 0.34+0.11 <0.01° 0.12+0.015  <0.01° 0.047+0.032 <0.01°

T ra FoRAKT BRI .

Note: a mean the limit of quantification (LOQ).
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Table 5 Comparison of spirodiclofen residues in different

matrixes, dosages, frequencies and intervals to harvest

(g a.i.-hm?)

. 80mg-kg' 120 mg-kg'
s RN Sk m#sk w2k mAIK
Matrix spraying/d 2 times of 3 times of 2 times of 3 times of

sprayed  sprayed  sprayed sprayed

AR 7 0.170 0.190 0.140 0.200
Dragon fruit | 4 0.061 0027  0.084 0.070

21 0.045 0.034 0.046 0.028
EN0 7 0.036 0.025 0.029 0.022
Flesh 14 0012 0016 0020 0.014

21 0.012 0.015 0.012 0.019

R 6 AREIEF.FEHTE . FRZIRIEANRAE B PR IR AR B P EMRERXE

Table 6 STMR and HR of spirodiclofen residues in different matrix, dosage, frequency and interval to harvest

i 24 77 i 24 1 % SRS ] o 3 e . s
e Aplcaton et 220 AECE  BERG
. : ol o oo
Matrix dosage/(mg-kg')  frequency harvest/d Residues/(mg-kg™") STMR/(mg-kg") HR/(mg-kg")
A 80 2 14 <0.01,<0.01,<0.01,<0.01,<0.01,<0.01, 0.01 0.13
Flesh 120 3 <0.01,<0.01,<0.01,<0.01,<0.01,<0.01,
<0.01, <0.01, <0.01, <0.01, 0.018, 0.022,
0.026,0.033,0.037,0.046,0.050,0.13
S 80 2 14 0.011, 0.011, 0.013, 0.017, 0.018, 0.020,0.049 1.06
Dragon fruit 120 3 0.020, 0.024, 0.034, 0.039, 0.040, 0.043,

0.055, 0.056, 0.067, 0.076, 0.081, 0.11,
0.14,0.16,0.21,0.24,0.24,1.06

2.3 KHESBNTEME

H A, BRI R S0 R AE DA & AR R AL
k. AL =X SR L RS RER AT K e
AT TR R, T (T2 R L) D PRk
QR AT IR ORFD KRR ORED K
o FE A R A 1 5% B8 4 43 51 0 0.01,0.026 5.

0.18 mg-kg'.0.01 F10.049 mg-kg'. FEH 2 &K
) 5228 S L ot R B 3 K R AR 1 4 H
YN E 55 0.016 kg 0.183 7 kg 0.045 7 kg
F10.032 7 kg(F 7). FRIE O HE MR G HD H %
i i e Kk B B 0.02 mg - kg B R R e 02
I () ADIE N 0.01 mg kg, 3 [F Ji B 715 74 &

x7 BEERARITETER

Table 7 Risk assessment for dietary residue intake of spirodiclofen

R i fr ZHIRE PR & S5t FEZFEAHEH AR HRirfAsE KRR
Food :i Food intake/ Reference maximum Source of maximum National estimated Acceptable Risk
00¢ groups kg residue limits residue limits daily intake/mg daily intake/mg  probability/%
RRCENE S I 0.016 0.01 PR {E STMR  0.000 16 ADI*63
Dried beans and their products
e e 0.1837 0.0l BRE P STMR  0.001 837
Light colored vegetables
7KK Fruits 0.045 7 0.01 BRE I STMR  0.000 457
Tt Vegetable oil 0.0327 0.02 [ China 0.000 654
4l Total 1.028 6 0.003 1 0.63 0.5




96 3 i)

S 4

384

63 kgo DAl B T E A AL & A, B A
X IR A AR B R AT R Tl . AR 1.3 AR
BEAT VAR R I e N B 1 B A H AR &
#£0.003 1 mg, 5 H ARV AER 0.5%A 1 -

3o i

AARES H AL FE T VA WA BUA R T i 5
LI N BHERUD AR5 8 W50 A, b
A P75 Gy AT AL 77 VA& 10 min, B0
5 min, & € 1 min, FRXE O 5 min, H KRR, A F
THem IR A Ze . 2 24 VR BRI it 24 77 = A (RIS
K SR 2 SR A SR PR R s Ak T 4 e RS T
SR 3G hnAE D S B SR WS TR) B 0 5 e 25k B B AE
FEAAIG . 7T RE A R g Bt 26 SR A A T PR e, R it
BRAE I A 5 [ KOl A 1= 1B AR, AR K R R
A P 3k — 20 B AR AR I G B 2 VR B 1o 2 SRl o 44
R Tt 25 IR BOAR R BT, 79 A it 24 7] (1) ) R il i e
A B R A, v] B A2 ORI AR K W A
FAAI A KA R AR 24 W e = B R 3R . AE R = G
1.5 i J5 e 245 B 2 A BG 0 AH IBE ) 435 2, 150 PR AE
it 245 70) B 3G 0 1.5 A PR R P it 24 1) e 4k B
A ICMEAN K . 217l 24 771) B AR S R] R S AN
PR it 245 1 5 ) R R T A T B 3 A B R R
A] e A2 PR A B — Vit 24 B R R S T 3G, 36— IR
it FH %) R i s R SIS Y A 22, T i A Bk B R DT
BRAN K o — 45 7N Hb K Ol SR 4 S AN S PR A gl s ke,
TR A R nT LUE H, i 24 71 & i 24 CBORUR A
Vi) o A ] o, SRl s 2 SR v () 5K B B K T SR R
1) 5% B 5, Jo DAL AT A 7 it 24 ) 2 B 2 A A oK
TRz KRR I P R b el A2, R
HoEAA SR TR, SRR N R B
SR AR TR DR AT A R A R e BT R 2
TR R B 0B B RE S AN A] B 5 7R KOl IR 3R
EBG]Q

B RN [ B it 002 3 2 38 Rl K e SR
R T ) e KR B PR B, oy e N 25 S L)
TE AR IS i 2 77 15 24 Ja K BRI 2 B &
K 5 DT 5 250 4 HE A X6 Py it 245 0 it 245 7] = A
SRS 8] B S A4S FS 0 K e 34T G B N VA
24% BRI I B2 5, T Biva KOl SR B 2Lk, 2
£ 3 000~4 000 157 (60~80 mg - kg, M 25 1~2 7% ,
A B A 14 d B W TR L e N ) 1 S A T

HEEA T AZ0.003 1 mg, KEEHEZR A 0.5%, A IR
W TE K 0 T HP 1) B X — M N (g B (1) B2 il A 7E
—ANFTEEZ I ARG KT o AR IR KO SR ) B e ok B
{E 9 1.06 mg- kg, $2 B8 A i A 4k 24 B Kk PR == 1)
SETR R I KR R IR = 3 mg kg

4 45 @

HIF 7T 45 52 B, 24% W2 il il B 7 70 76 K e B B
A8 FHIE , I 258 120 mg - kg, Jiti 25 2~3 ¥, 22 4 1A b
HH21 d, 06— M N B AN 2 7= A AN AT 1252 1 RS
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