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Analysis of Four Avermectin Drugs Residual Levels in Rose Flower
Cakes and Chronic Dietary Risk Assessment

HUANG Yuyuan', XU Xing>", DUAN Jiyan', ZHANG Yan?, ZI Jiejun’

(1.The School of Public Health, Dali University, Dali 671000, China;
2.Dali Comprehensive Inspection Centre of Quality and Technical Supervision, Dali 671000, China)

Abstract: To understand whether there was a drug residue in the rose flower cake, and whether there was a risk of chronic
dietary intake. In this paper, the residues of four avermectins in rose flower cake were detected, the residual levels of drug
residues were analyzed, and the risk of chronic dietary intake was evaluated. The four drugs were avermectin, doramectin,
acetylamineavermectin and ivermectin. A total of 43 rose flower cake samples were collected, and the optimized
QuEChERS method was used to pre-treat the samples. The residue levels of the four compounds were determined by high
performance liquid chromatography-tandem mass spectrometry, and their chronic dietary intake risk assessment and risk
rank were performed. Results show that the four kinds of abamectin drugs line of correlation coefficient were greater than
0.99, the detection limit of the range of 0.1~0.7 pg/kg, recovery range of 94.97%~102.09%. Only avermectin was detected
in the 4 target compounds, the detection rate was 79%, and residual range of 1.89~4.58 pg/kg. The food safety index
analysis (IFS) of the four drugs was 1.3x10~ for avermectin, 1.0x10™* for doramectin, 1.7x107 for acetylavermectin, and
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1.2x107° for ivermectin. Risk assessment on four kinds of target compounds, and to the risk of ordering, total four drugs

were less than 50. This indicated that the residual level of avermectins in rose flower cakes was not high at present, and the

risk was low. It was suggested that it should be included in the registration list of pesticides and the corresponding limit

standards should be established.

Key words: risk assessment of dietary intake; avermectin drugs; pesticide residues; rose flower cakes

=Ry B BRI R, — ELASR AHAIE S
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AEHR” SR, A IR R EEAE LN M, o 35 42
80% HIEEIETTY . BOREFEVHE R I— 4@
SR, HEAE = PRI 0RO A e, BB AE D N
T 5K A4, e Ay B A R T —
FERIAABE, WA T IR TRGESRUT A FALZ —- FEEL
B AE KRBT E AR, nTRE AT RS R HUKCE, LA
FURE . B AR B o T, HUTE LAMF | i 55 A0
ZT MR A 3, JX B R T ER LS B A KA AR RS
Mo Sy T X B, PRUEBCERAE I 7 i, fEAeA ] 2
AGASE BRI — B2l . SR, AEAPAELE A el
AR RS2 | 2GR T2y UK S R ] g
2 PECE I P AR ARG, AT A5 B B i A2
P HAT R ZGFR B AR a0 XS . TR BB R
AR, S T X UR HRE, A Il PR BT R 2R 2
GWIRBEATIIG o T FTAERR 2R A95R B 2 xf A ARphes
ARG NNEAFZ T AR S YRR L LT
LB AE TR 2R L 22 30 TR AR v T A PR AR AT AR T
STt PRk, AR SC 3 R ST BB AL D o BT A4
ENE LSS N 28 S ES I 2 VA S NS ]
HR B AT

6 2% [ N D SCRR AN BR B A v, F AR SR i
CACH?! Kz W ) A AT X £ FH BB L A BB Sk
AEDFIA 28558 B AT B 20K S0 T B FHECER St A
BEAHICA 245 5% B A6 S 18 PRI B A KU PEA AH
SESCHRIZ /D o Bian S8 X FHECHR AR . TR
UL REHEAT T 18 Pl 28 S HACH ™= W1 iy 70 A o
U] T B FHBERAE P HA TR iR 205 B, RF A At
FRE I A —E S, (B 18 AR 25 FFANGLIEAS ST
Y PURRETAE R RS2y, BABN IR a2 B H B
SHAEAS IS A 2T RE R, FF AR I B BB A E
Pfo K ESNCHR, FHFARKR A T EEELAEDFT
WEFE, T EHEERAAA SRR oA B . DATEXS
R Sl LR L e U 2 SN & S N 21
KBS R0 A i A 25 5 B XU PP AL A T
FEREZS, AFIR O T BB EE AL DRI AR 24555 B A SRS 1
AEAIFTEAR L

R T i SO AL D S A A AR R R A X
862, XA B 75 1 R i), RE T BB AE D r B DU A
BrT Ak B 2R IS5 0 5% B B XU AR ARAT e 22 o X
B EEAE DA TA LG5 B USSP AL T AR, 25 Airte
PR AL DE I 2 G i ) BT B — o AN
ST — D REMS PRSI BB AL D AR 25 5% BE 1 52

577 s, il i % JH QuEChERS(Quick, Easy, Cheap,
Effective, Rugged and Safe) /5545 & 5 50 AR (0 1% -
HR BT A X R S A E R A B A T 4 Fh B2k B 228
25RO T R G AT, i e e
WARBEAE (Y ADD), X13iX 4 Ff H AL A P04 7 KUK
HEF, MBCREEAE I A 245 5% 8 BRIE 10 il e A ER
==

1 APRSTA

1.1 MRS

BRSNS 3T 43 Bl SRIW T BB
EELEE; HH I 4 Fh ] 2k B 22 S 25 TR G bR VA WK
BTAEPE 2R . ZHipE 3R . LMEEIER AR 2 | YRR =R
100 mg/L . & i -N-T9 &t ik S5 (PSA) kifE 40~
60 pm. T /\EEIERELE(C o) I BfF Bt 40~60 pm.
0.22 um HHLAHBESL VRS S SR A B
N EL R (gl | S ke (Orirall)  Acros 23 Fl;
N aiskal, fEEER TS ]

LC-2030 =5 20 W AH (L 354 H AR i3 32 75
QTRAP 4500 HFERTTi%{Y AB SCIEX /X F]; 8888
0018 HREPR 7 8 Thermo 4\ H); Direct-Q3 #B4H
KBl SFRHEAF AL204 B TR MR 4G
FZ /5w TG16-WS Gl EOHL IR EE
BB AT R A PR H] o
1.2 EWHE
1.2.1 PrRUEfER I ECH] PR HETN I 40 pL
114 4 FhBa 2k B 22 S 2 TR G by v (45 770 R FE )
THIBHE A, SR 5 HETIR L 3.96 mL ZEHEW, [T
SEAF] 4 mL, BeHD% 1 me/L BTRARAR, R .
1.2.2 FEEATALEE 225 GB 23200.121-2021 89
PR B AL 331 Fhfe 24 B AU R B 000 Y Ty
AP BREL 2 g 0 I EEAEDRRE ST 50 mL B0 45
g1, A S mL gligK, gk sh 5 g REPRY 1 min,
DA 10 mL ZAE R HEPR 1 min, LLF%HE 5000 r/min
B> 5 min, BUEVEW 2 mL T 10 mL .04, Bshn
50 mg 1 C,g W, #7% 1 min, LAF%3# 5000 r/min
B0 5 mine B IS WCRH 0.22 pum A HLARRESL i
VE, SSRNEFIMA, 4t HPLC-MS/MS Jll%E .

1.2.3 AXESHTIEAT:

1.2.3.1 WAHZEAE  GishAd: A S 0.1% RFRIRE 1Y
R AKIEWR ", B S LG o 3%+ Endeavorsil Cg
FECGRAR 50 mmx2.1 mm, kit 1.8 um) . BAH %
VR W ER 15 Wi 0.30 mL/min, PFEER:: 1 pL;
FEG: 40 °C.
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Table 1 Elution conditions of flow phase
A 18] (min) TBIHA(%) TRENAAB(%)
0 2 98
0.5 2 98
3 2 98
3.1 30 70
6.5 30 70

1.2.3.2 JRiELM R0 ESTURES TR, Wi )k
S 5500 eV, B TIRIEE N 110 °C, BEFHI IR N
400 °C; Z 5 W VT (MRM) £54: 0038 2,

2 ZERVWEIIRTT 4 BB R AL 0 AR
(i) | M50 55 %o VRl i e 1
Table 2 Retention times, monitored ion pairs and collision
energy for four avermectins in MRM mode

s =L’ fREgesE BT/ RElERER
7 S 4 Y gf  (min)  FET(m/z)  (eV)

890.5>305.2° 30
890.5>567.1 30
916.5>331.3" 30
916.5>593.5 20
914.5>186.1° 45
914.5>330.1 45
892.5>569.3" 20
892.5>307.2 20

1 K ES

abamectin 2.05
2 EZ AL doramectin 2.22

3 CBEEETAERER eprinomectin 1.83

4 i3 1EES

ivermectin 2.59

T N E R T

1.2.4 Jrikieiik

1.2.4.1 prrfiEfheResiil Moe HRR . R R mlE
ZNE AW 09 1 me/L 1B 4k 4 22525 iR
PRUERS W, 43 B H S s E A 1. 5. 10, 20, 50,
75. 100 ng/L FYBRMERT LR, HEAH (L% - 58 IR BT i 1
FHASGRE o DA AR08 0T Bk B i Ak bR, BRI
W TR A AL R 2 bR v 2R . A3 RIS T
3 AEEME LA 10 550 LLAS 3] 4 Fh HARY S HFR
(LODs) g B MR (LOQs)BY, [a]it, FHEA K H A2
HR B B0 BB AR D IR 1.2.2 AR ST AL B A0 7 e ik
ATAREE, FHAS BN AT B SRR AR 25 e il 4 1
1 mg/L 1B 4k B 22 22 IR G b s W, [RIRE 5351
Bl s BT e BE A 1. 5. 10, 20, 50, 75, 100 pg/L
PARE R ZR, T T ST

1.2.42 EINECEEE:  AERES O ImAGS . o, IRk
BEIKE BRI, MR H AR AEA S A A,
THINIKSESy 518 2.5, 10, 40 pg/ke, Pk FEEE 6
W FI1.2.2 Bk TR BRI, #5208 1.2.3
P 71 EAT A AT , BRI [ S 38 A e A v D 222
(RSD%) .

1.2.5 BEEHRARES AL A AU PEAL 2 i
SR LA TR EESE bR, W W XS L 1Y
2R 'A% 57 el

1.2.5.1 M2rEREERA R IHE  EHEEEE AR

% (%ADI) & 5 H % A & (national estimated daily
intakes, NEDD) (pg/kg-bw) B4 H fLifFBE A 2 (ace-
eptable daily intake, ADI) (mg/kg) . ADI =% GB
2763-2021 CE AR 2 IR R R B B )Y . GB 31650-
2019KE it v 15 25 B RBR BE BR 4 )P, 2 %ADI <
100% i, 735 P P At R XURS: WT A4 32:5 2 %ADI>
100% B, FoRAH AT 252 1918 PEIRUS:, %ADI K,
USRS o

TMR x F
NEDI = STMR xF X (D
my
NEDI
ADI = 100 2
o1 < @)

1 STMR 2k B B e 26 P 6 I 5% 58 v {E
(supervised trials median residue), mg/kg; F & H 14
i, g/d; my, AAREARTTER (60 kg) o
1.2.5.2 BEMZEIREUOTIT PG TR B AN
24 R, SR FH B 28 45 %X (index of food safety,
IFS) R PAG X R M fE FRRBER Y, IFS<1, FrnizaK
25 AR e A R, [ 22 U S AN AT 232 RS, 1138
PN IWA(3) . =4) .

EDIc x f

IFS = —— SN &))
Slc X m,

EDIc = R, XE, X F, x P, X @

h: Sle L A H, Rl ADL f 2L A
HUEFIER -, BUA 1; R, MR EEVY9MH, ng/kg; E; AA]
i FHHR43 BE 55 F, AG TR AR, g/d; P, S in T ab 3
KT
1253 REHEY ZSHEE5kH T8
5% B8 IRURS: HE 7 40 B4, SR R A AR (3R 3), AT
RZFR A RS HET o AR 21 A3 (FOD) 11502
WE(5) o AR5 RBSAS 53 (ST A A(6) o
ARZIFREE I 5 S (ERIR/INVA G, S (HRE;, 55 BE XU
R

3 BBLEEAEDRAR G5 B S HE PR bR o I AR v
Table 3  Scoring criteria for risk ranking indicators of pesticide
residues in rose flower cakes

L e JEE B AR L e FREKOE
f8br #rE F(mg/kg) (%) (%) (S S=YN it (me/ke)
fEbRE K8 >1x107 <25 <25 o Fek i
(5 ) 0 0 0 0 1
FRAME PBE 1x107~1x1072 2.5~20 2.5~20 AKATEE  <IPREE
a3 1 1 1 1 2
TRAME MBE 1x10°~1x107%  20~50  20~50  fRATRE = 1FR&E(E
[C% 2 2 2 2 3
TRbR1E B <1x10® 50~100  50~100 *@gﬁxﬁ = 10BREE
5 3 3 3 3 4
FOD = T/P x 100 A (5
S=(A+B)x(C+D+E+F) A (6)
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2 T S ECERAEFP AR I v FH AR 25 1 U8
P NEERACA K EW A HERTE, S5 4 18R
HE(LDsy) " B 8RR C MG Lu il D Ay A A
s B NS N F R EE KRS
1.3 #HIELIE

K H] HPLC-MS/MS il H b4 & B, 2
KA H AB SCIEX Analyst software 17, £ 7~FF
mhERE 2 IR, ARG SrR T WPS 147, AbEE
BARFZEER A Origin 2022,
2 RS9
2.1 HPLC-MS/MS {0 thFHHILER

ASCHEE TI/KFNZNE . ARFTFEE . 0.1% I ER/K
WA CREX 3 PRSI A AL AT AR . &5
SRR, ILFEAITE 0.1% I BR/KIE RN 57
SRR Z= v WA R N (B AR AT, Be 246 PE 0.1%
P4 PR K N C B AR Z A S AR5 1 T 3014 o

SR AN [F) BB B Ve AR RR P i E 1 T 40 BT b s, Bk
e T VR AAd, AW Ak s X 4 2% 4k, B2
EE TR 1, DU e 2525
P22 BN W (MRMD) B Fi Ean & 1 s,

Z AR A
400000
2 300000
&
200000
=l
100000 SEES
| stz
R
1) — 1 LT 8 . .
0 1 2 3 4 5 6
PR FARF ] (min)

1 DU BT TR 2R 2K 24 W TRAR 22 S0 M ) e
Fig.1 Multi-reaction monitoring ion flow diagram of four
avermectins

2.2 HIERFHRIML

KM Cg F1 PSA W MFRINVE N HTAL BEAS R L
e TP g 28 5T, 53T LB Y Cig. PSA LK C g FlI
PSA R =P AS [ W B9 S0 28R, O HL AR

4
100 | DERH
1 = Z BRI
80+ [l —\“* [EalRE T
e ! ;
g&; 60 :
= f
= 40} )
20t
0
25 50 100 200
CIS{%FHE (mg)
2 AREFIER C,q WX 4 B4 K 2525
[F] LR B 52 )

Fig.2 Effects of different doses of C,; adsorbent on recovery of
four avermectins

55 54253 25, 50, 100, 200 mg POFIAS [ 1
EORIEAT AT LA, g5 R anE 2. B 3. F 4 B,
FEARIEA A ENBCR A B R N T ER S, A5 HISR
H C, g BRI RS SR IR s, B3I T PSA
R B 7500 P4y RS 3R AR L AR, HLBE S PSA S It
i, ENRCRBE AT IRA, AR PSA XFBr i pa 2225254 H
ARHER . IE 2 T I HBEE C, RO E
Yo, EISCRSETHE TS REIR, 76 C g AN 50 mg
B (AR SRR U 1 o

| o BTk 2
70 i oL
60l © LR %

o = e %

25 5‘0 100 200
PSA+C  fli it (mg)
K3 RFEFIER PSA+C, o WX 4 FPRT4ER R 2258
[ W AR
Fig.3 Effects of different doses of PSA+C,; adsorbent on
recovery of four avermectins

60 O L %
I L%
50 F ’ 3 I 2RI
_ T o %
S 40+
ﬁg 30
= 20 F
10
0 KX AN
25 50 100 200
PSAf#i FiE (mg)
Bl 4 AFEFER) PSA WX 4 R4 i 2= 2525
EfESEspA

Fig.4 Effects of different doses of PSA adsorbent on recovery
of four avermectins

2.3 FIAWIIE

2.3.1 FETRON,  FEAESE R, BT RN B AR LIS
HAB AR A B0, FRE B3N DU SEAE i B X
B bGP T PN . AT, B4k 2R IS254)
FETRON TR v BRI TR A RER 5550 mehs
RRERM FEPY . A KR AR 2558 B 1 B sf 89
22 L T AL B AL S 0 TR AE S s 50 e IS R A o 1th
28, SR, B4 R AL RRN S 1.023 257
B R MIILTRON N 1.026 ., Z R LB 4 1 2 19 L i
AN SR 0.986 ., PHAEER R 1Y JRL AN A 0.973, 4 T
PRI 4 A 28 S 25 W A BB AL AL TR it 19 35 BTN AN K
A . AT LA SZEG P L BT FEC 58 i s2 AN R o
2.3.2 ZRPERE. KHBRAIE EIR SRR L
2 4, Horp X 2P 4R RIS BT e B, Y J=2 R
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AERH RIS TN . LMy BRI FE BRE(RY)
JEEIM 0.9973 % 0.9991, FHiEKHFR(LOD)N 3 fF
{5 LE A REINNAE, 72 5EFR (LOQ) 47 10 £ {1 L ity A
M, 3X 4 AT 4E R RIS 254 LOD LA 0.1~
0.7 pg/kg, LOQ MIYERI 0.3~2.3 ng/kg.

R4 LRMEJRE K FRFNE R
Table 4 Linear equation, LOD and LOQ of cephalosporins

e il HEFRR(r) OP - LOQ
(ng/kg) (ngkg)
B2k 2% Y=1850.6X+2523.9  0.9991 0.3 1.0
EZi Y=930.72X+1885 0.9973 0.6 2.0
CIEESETAE R R Y=7496.8X+14724  0.9990 0.1 0.3
PYER R Y=1673.3X-958.55  0.9989 0.7 2.3

2.3.3 MERERESEE  LIAERTE AR S I
AR, KT 4 B 5] 4 7R 28 28 25 W AE BB E AL DF
(= ST R 1 AN 1S o = IN RN (A T e 71957/ (S O
ANV RE F ARG 6 YR AGIN 2% LU SR i AR RS
T, ARSI L3 5, P4k B 2RI 1Y
[\ K TE 94.97%~102.09% U Bl , AH % b v i 22
(RSD) Ky 3.12%~9.22%, A 5 FIUkE 25 12 SC U 2 i,
RS W R SR

5 BURELDE BTAER ZRIEZ5W nRA
Fa# I (n=6)
Table 5 Recovery and precision of avermectins in rose
flower cake (n=6)

WK (pg/kg)
2.50 10.00 40.00

k&Y
Fle% RSD MR RSD L% RSD
(%) (%) (%) (%) (%) (%)
FI4E R 99.67 3.67  100.03 8.72 98.94 3.32
EZiA 9833 3.88  99.16 922 9952 3.12
CEAEIEPTAEIR R 96,03 472 9836  8.67  100.08 3.60
[E 9497 576  102.09 6.48 99.96  3.30

2.4 HORBHEHPRAZENER

ARSI HERAE T 43 FhECREEAEDIRE N, SR A
SCEENT W T A TR, B EEAE D v SRS T ) 4
PRE, FI4ERR R R 79%, FRFE =VERh 1.89~
4.58 pg/kg, ZME GB 2763-2021 HLE 14 R & R i,
bt e B 2 AR AR TP iR R B B 1 mg/kg,
FARER g/ N i R B R B4 0.01 mg/kg, AL
A H AR BE R TR v A B AR PR e (H
2.5 BERBAXKRITM
2.5.1 1EMREER AR ARYE 1.2.5 SRR
AR (D) L 22 2) BT B B A RUS DA o
EELEDEE TRERUIS, DRI R RS T 2 B U
EEAEDEAITE D bt o P S RN ARG AT 2 i S
7.3 kg, I BN g R P i 20 g/d. SRR GB
2763-2021 LRFRBREARE, BI4ERZE ADI & 0.001 mg/
kgbw. LA KITHEAG L NEDI Y 53107 pg/

kg-bw, %ADI N 53%. %ADI<100%, [N, iZE
FEARS AT LAAEZ

252 EMEEIEH T RPE 1252892450
(3). A 4 F HARMES Y0 IFS H, RIBEREELE
PEr A 2P 2R 2R A I 4 1 2R DA
2, BCETRIFR 7K Ri F 1/2L0D S UE, 14
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Table 6  Analysis of food safety index of 4 kinds of
avermectin drugs

ey ADI(mg/kg) EDI(mg/d) IFS
[TE sy 0.001 8.0x107° 1.3x107
EZINE 0.001 6.0x10° 1.0x107*
LI R % 0.01 1.0x107° 1.7x107
PR 0.01 7.0x107° 1.2x107°
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Table 7 Risk ranking of pesticide residues in rose flower cake

ARG TRIE RO L IR R iR AR SR B

BIZERZE 2 1 0 1 3 2 18 1
ZHiWE 2 1 0 0 3 1 12 2
%gﬁ%g 2 1 0 0 3 1 8 3
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