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=18 T H A2 SRR LA 52 I B sk v X iy T
2 A AR ik

BRIGAN '~ BREEHR ' TREE ' RET T

M

Fifide ~ ROES ~ &M~k F 3 02025 LGP S & GAEE 2T E R
FlR ARG AR BE c FALEME 1913148

R o3 M 57K EE BN W) 57 A8 sk LA VR TR RO 1 B FH SE TR T AR A I £ B S I B 28
W AW 2FEE QuEChERS J5ik » EHZME ~ ZHUH Ko Al S 43 B [ FE < HY
EAEATIA KBRS E®E - IWRMAHE TR B X EEE (iquid
chromatography/tandem mass spectrometry, LC-MS/MS) a2 X 7T i Bz ATHE
A RAHM B T o AT ES HE - AR~ REVA - IR RS 222 LA
(BB BSFgRR < 43 IR WL BRI 5~ 50 B 500 ng/g [RIPTHETT IR
(Recovery rate) aAE& » DURAHE AT H Bk U BT R B0 A » ETTIRIE (intra-
day) K5 H (inter-day) ZFFAh  #5REEIRE HEALAERERENT 76.4 -102.8% ~ i
Figt B BCR AR 73.2 -111.0% » 3 EARE (coefficient of variation, CV) £<20% ; FHI[H]
DL EIEIR . 84.0-97.2% ~ HFBEPSIEIR 77.4-99.9% - 8RB <20% » Af@
B PRI T € B8R (limit of quantitation, LOQ) fEHLIA M ATl 53 51k 5 ng/g ~
50 ng/g » RATEANGHES 5 MHEiEE R AE R KT EBYE STz
ﬂg °
PEEE « KT ~ P H ~ WAHET EREUE RS - BT AR

BEZHIE : 202548 H 8 H
* SEENEH o E-mail: cytu@acri.gov.tw
U BT BRI R PT
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RIFEN KM@ B I 7 » S A2k A EK
BIKE SR - =R PR LK
FERAANEIRTEE L R » HER RS
IR R R TR B S - KA B E)
V) ER IR R A3 R R 1 ~ B R A
in B 010 o Az 5 Bk 4L B S
Ji R B RE Sl KRG - — HLfE 32 e BR R A
b5 A R DA B A ek B g 2 o AT S 1l i
BRI @ o B2 B R A A
R R AR TR - T REY - 28
BIHRE ST RIE T RGNS 022 » E]
RNEICCBE N EMZER] @ &5l
B RIGHE A - fEEF EERKE R F 4
Ead Y —FEHR KRy 105 £ 958 (&
EIT 0 o 2@ HA LR R KERHE
L F A HEEAMER =& 45 (trichlorfon)
1 - =& AR HiEENE
JER I kAR (D B TA R L R EAE Ry
VB 1S 2% B S o it ~ P B VR e s Y 73
Fh T Eam G811 R =& HE =
PR ~ ERENE - BB - BUE
FEWEREER @0 - HATERH A ~ =N
M2 =& A e Bl ) F 4
BHRTE O BNFEFHMBERCHF
A ik FH EE B0l FH =845 -

28R —UHMRE LIS » IBEARE
k% BRI ERIR - HALRE BV
S BT CER R (410 (RIS TE K
FEENY)Z EESEE R R A R, - FE R

22 1 LK P R A AR R A B 0D
H R8P H (Perciformes) Ky = 1 5 JH I
FHEZRGE 2022 RN BRI H AN
WEHEIL—FEH" O HEZEEARF
Mgy o H RTTE R a6 50 B P Y 872
H F AR e e W o Ry SRR P fe e (fiE
A RN AW B (Rachycentron
canadum, cobia)) ~ EEEEM: AE (LELFE
AP (Epinephelus spp., grouper)
s H & (Lates calcarifer, perch) ~ 2 fifj
(Acanthopagrus schlegelii, black seabream))
ek fdE (R AL R M f i B B AR
(Oreochromis spp., tilapia)) ¢ - 1D 5 f& o
bl H AR B R e 2 K EE B U
A a5 - FESBIHAZUEIRRE - B AT
& SERIRE R PTEERE O a] RIK
7] (emamectin benzoate) T #% #f & %
29~ g (71920 gk @8 R
ek £ S T S B VA AL HEVE Rtk f i S R 2
MF A EPEEA » REE D BE A
A EE —EPHERER - IEZEAI#ELE
{o AR B F O - 1 R 6 0 R S0 U
HEF A amia R FHEE G 8 o T HEBHRIPEITAE
HEEEEH - BT TR e
H 200 R e R TR - ORIt
5t2HW 1 QUEChERS Jjik @D SELTHETHLR
AR G - DURHHE E Hr B B =B 5
bl - BHS AT T AE B A 1 B P fa
fi T2 E AT S AE R L P R Mgk 38 v e e 5
HELDINA B AR A2 - R EEH AR
ARSI T5E 13 W R AR AR
W TAERE H AR AR R R -
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HiEREE 5 MiEp AR AR 1
SHEE 2 At 3 BRI 400
g~ 5. B SHIEUNILA (B KA
T 1F o2 IR i A -

= SRR

1. AEEHEA,
SR W 7] emamectin
benzoate * & 2 XKL emamectin
benzoate Bla Jz emamectin benzoate B1b -
12 4 1% 5 5 B CseHsiNOis (Bla) ¢
CssH79NOi1s (Blb) » #li E Fy 96.42% +
Laboratory of the Government Chemist
(LGC) 4 A& %5 » emamectin benzoate Bla
K emamectin benzoate B1b Lt 143 Bl By
98% K 2% » FEHLFK— -
2. g

il (methanol) : CH3OH - J& #Tf)
Merck ; ZHE (acetonitrile) : CH3CN
Mrik - J.T.Baker 5 K77k (FEHERHR
25°CH[E 18 MQ/cm L1 1) ; B/ (formic
acid) ; B§ M $& (ammonium
CH3COONH4 » 98% » EA¥E#K » Emsure °
3. MR

#E A YR & % © QUEChERS Extract
Tubes * EN Method * Agilent » 5982-5650
(4g MgSO4; 1g NaCl; 1g NasCitrate; 0.5g

acetate)

P H IKWIT 734 STk % 33

NapHCitrate) ; 43 Bt %Y [& fH % HU & -
Dispersive SPE 15 mL - Fatty Samples *
EN » Agilent, 5982-5156 (150 mg PSA, 150
mg CI18EC, 900 mg MgS04) ; [ &8
41 : Bond Elut QuChERS - Agilent ; 5%
2 1.8 mL - BEYEEAE - K - Agilent ;
WL AL 0.2 pm » PTFE # 8B -
Agilent ; JE&NE : 10 mL » 3¢5 > Brand -

=~ xR E

TWRAHE 745 : Waters/Ultra Performance
Liquid Chromatograph » UPLC ; B 5 :
Waters/Xevo TQ ; B[ B : Allegra » X-
22R ° ZREAZS ¢ Sic Model » N» supplier
05B ; & R I= i 2 E
Associates. Inc. * N-EVAPTM112 ; J] =
FIWREE B © Retsch + GM200 5 3B k&
Zs © Scientific Industries » Vortex-Genie 2 ;
T 4y B SEE ¢ SPEX SamplePrep 2010
Geno/Grinder® ; X3 : Mettler » PB602-S ;
FEEIAEYER @ Delta » DC8O -

Organomatin

VY9 ~ BB I iR

BB A © BUERRSZ 0.39 g0 L
KRBT /RSB 1,000 mL - JIAFER 1
mL{EA145 » LI PTFE JBIEGEIE - BUEK
AR BRI A - BEIHHATR B I
W24 0.39 g DIFEZIAMEFEREL 1,000 mL -
DX PTFE JBIEGEIE - BRI ER BAEvA
W B -
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Table 1. Physical and chemical properties of emamectin benzoate

(6,18)

Drug Established (nonproprietary) Name

Emamectin benzoate

Molecular structure

O
ik
2 |
i GCH,
| !
o.
el j. "
i [ 1
H
Hy
ompanent By, R = CEiCH,
Component B, R=Cky

O

Chemical name

4’-epimethyamino-4-
deoxyavermectin benzoate Bla

4’-epimethyamino-4-
deoxyavermectin benzoate B1b

Composition

>90%

<10%

Molecular formula

CssHgiNO;5 (Ca9H75NO13.C7HO2)

CssH79NO;5 (CasH73NO13.C7HO2)

Molecular weight 1008.26 g/mol 994.24 g/mol
pH 6.0 at 25°C

Melting point 141-146°C

Vapor pressure 4x10 Pa at 21°C (97.8% purity 21.1°C)

Henry’s Law constant

1.3 x 10 Pa x m* x mol! at pH 5 and
1.3 x 10 Pa x m* x mol! at pH 7 and
1.3 x 10 Pa x m* x mol! at pH 9 and

21°
21°
21°

Solubility in water

pH 5: 320 mg/L at 25°C (97.8% purity)

pH 7: 24 mg/L at 25°C (97.8% purity)

pH 9: 0.1 mg/L at 25°C (97.8% purity)

Salt water: 5.5 mg/L (maximum)

Octanol-water partition coefficient (log
Kow)

pH 5.07: 3.0 at 23°C
pH 7.00: 5.0 at 23°C
pH 9.04: 5.9 at 23°C

Soil organic carbon-water partitioning
coefficient (Koc)

Sandy loam: 278,983; Sand: 728,918;
28,325
Reported average: 265,687 (average)

Clay loam: 25,363; Silt loam:

Dissociation constant (pKa)

pKb: 9.8 (benzoate) at 20°C
pKa: 4.2 (benzoic acid) at 20°C
pKa: 7.7 (epi-methyl-NH2+) at 20°C




T~ BRI Z HCH

HCE IR AR HE LRI T A9 50 mg » K
WEREE » DAOIEAIEIG EARZE 50 mL - fE
By ¥ JH WK (stock solution, 1,000
pg/mL) » fA-18°CHEE Iy 17 i H - o FH A1
Fetfe A GE AR E R - DUHEEEE R 2-
200 ng/mL > HE/EARHEVS IR -

N~ B R 7 5K

B THE R « RN (B ) K
Bt LAY ) ke JI R U NR g - DAJT R
X ERETRLIIE LR B2
A% 500 AFEfFRyKERdh (sub-sample)
SEREEE > WRTENERRR R (-18°C) f&
T B A -

FETEREUIE 2 i (2 ZILA - 10
+0.1 g~ fFlg : 2 £0.02 g) » BREELE
i A ZIBEIR 10 mL K FEZEEE A 1
B R FERDEESBEEER 1,000
rpm HR ¥z 2 438 0 MIA 6.5 g FYZEELRT R
(P4 k @ Agilent, QUEChERS Extract
Tubes, EN Method, 5982-5650) » Ff DLk
SAEREEEA 1,000 rpm HRE 2 43EE% 0 R
15°CLL 3,000 xg B0y 5 5388 - U LIEHK 6
mL B R o B [EAHZE UV (R Ak -
Agilent, Dispersive SPE 15 mL, Fatty
Samples, EN) » DUE S 7 BUEEE R 1,000
rpm #R ¥ 2 43R 0 A 15°C LA 3,000 g B
a5 438 BUETEW | mL A B HEGERE

P H IKWIT 734 STk % 35

oo DIREIRMAREEWR EMEZ > A 1
mL BYFHEEE & - BRI RLIBE (0.2
um, PTFE) B HEtaiK - & IRIHM
Fr eV R LT > TR R E -

o~ PR R AR R L E ULl g
o o B

1. FEHERR B AR

HY 10 pg/mL RIPETT EEAE 7K 22 08 2=l
v SIS R 22 52 10~ 20
50 ~ 100 5z 200 ng/mL - {35 F 38 AH g AT £R I
HE 45 (liquid chromatography/tandem
mass spectrometry, LC-MS/MS) 434 » I
JFH AR i TP B g8 e B A Y A R
2. FBEVLA kR AR

WA (B 82) + 3 AlEY 5 fl s fafE
ZEHhaie o R R T AR &AL 1
mL AR I R LA Z SRR B IEZ - 23 AIIA 1
mL EEHEAUR 251020~ 50 f 100
ng/mL * JRETE) - BUERILA L EE L
Boks At + LC-MS/MS 4347 i F1] FH iz s [
T ER P Ag B RLA ER E e i -

FFI « 3 BIEY 5 FEEABSFa A 2 22 A
g bR R TR R 1 mL A
R LAZ R B2 » 531 1 mL %
HEYSW 5~ 10 ~ 20 ~ 50 ~ 100 K 200
ng/mL > B E&¥E - BUERCT B 2 FLE VT
Bk AR - DL LC-MS/MS 43 K7 It 1) FH 3z 1
TP B ey B o T S A A

J\~ AR TR
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Weigh fish tissue samples

(muscle with skin: 10£0.1 g, liver: 2+0.02 g)

l
Add 10 mL of acetonitrile and samples into ceramic

homogenizer, shake vigorously for 2 minutes

l
Add 6.5 g buffer-salt mixture and shake vigorously for 2 min
(commercial kit: Agilent, QUEChERS Extract Tubes, EN
Method)

!
Centrifuge for 5 minutes at 3,000xg

l
Place 6 mL of supernatant into the dispersive tube
(commercial kit: Agilent, Dispersive SPE 15 mL, Fatty
Samples, EN)
!

Shake vigorously 2 min, and centrifuge for 5 min at 3,000xg

!

1 mL of supernatant was collected and dried with nitrogen gas
l
Add methanol until the volume reaches 1 mL, pass through a
0.2 um filter

l
Perform LC-MS/MS analysis

B— - REDTEEEN B IR KT @B a1 miEE -
Fig. 1. Flowchart illustrating the process of analyzing emamectin benzoate in edible tissue (muscle
with skin and liver) of Perciformes.



Bk TR B e % - DURAHJE A
5Bk L8 3% & (Waters/Xevo TQ, LC-
MS/MS) T4 - IR 2 (1)
o IR o E O U OEE
ionization, ESI) » (2) J& ¥7/%& £ : Waters
CORTECS® UPLC® C18 column (2.1
mmx100 mm, 1.6 pm) ; J& ¥ & M IHE
50°C » (3) fRi&EFE : Waters CORTECS®
UPLC® VanGuard Pre-Column BEH C18
(2.1 mmx5 mm, 1.6um) * (4) BEFEHTE :
0.3 mL/min + B EIHEIR A K& B B2l
mFE= > (5) HEARER : 5 uL > (6) EMlll
EERE  EEERRR 3.5 kV 0 (7) BT

(electrospray

e HIKWT 734 STk % 37

HUARG I S BB VLA B ARA MRS 5 ul v 4K
Feid AW g B R =N R - SRR
EiL L VU Pic Ay RS TR 59 T P 15 D8z e v
R [ B A 00 A S B - o BE R T 2 8 1
Z o IR YRR S B e KT 2
ZR(ng/g) *

BT 2 g Y

M
C: HKPTT BB VA ke SRR R
FRIXIETT IR (ng/mL)
Vo e L JISA RS (10 mL)
M : riffgle L EHE ()

JRIRE (ion source temperature) : 150°C » R BERMRRRREEZL
(8) VAL HER B SR LS ¢ 50 psi » (9) WAL Table 2. Flow gradlenlt\i f:i mlz)blle p;aZis olf LC
NN . . obile phase obile phase
HE R B 3 (Desolvation gas) @ 1,000  Time Flow N .
N NI i L/mi
L/hr » (10) HEfE#E R F8 7 E (Cone gas (min) (ml/min) (%) (%)
flow) : 50 L/hr > (11) {E#l#E=t : MRM > 00 03 990 10
L P ot A s T P Tt A 2.0 03 50.0 50.0
Tﬁliﬂﬁﬁ?ﬂ ~ HERR i FE RR B RE R AR AN <0 03 00 0
K=" 10.0 0.3 1.0 99.0
13.0 0.3 1.0 99.0
FU~ BB o Bs 03w Lo
15.0 0.3 99.0 1.0
PR A B VL BC A & fR 7L (matrix-
matched calibration curve method) * f5HfE &
= EREoNGRY
Table 3. MS/MS fragmentation conditions
P . C Quantification Identification
recursor 1on one
Compound name ESI mode (m/z) %) Production Collision  Production Collision
(m/z) ) (m/z) (v)
emamectin benzoate Bla ESI + 886.5 50 158 35 126 38
emamectin benzoate Blb ESI + 872.5 44 158 38 126 56
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1 B

#F 5 M H AR A2 A K
FFF gk et A 0 0 B Ty T AR R A - 2 AR
KEEMERE 10 FEEMRZEE -
Ko ke A BRiAE - o2 BETTEIE (S
HE) kFEH G EH) L5948 Ll LC-
MS/MS LT I3 AT » AR5 5 B Iy P Bl
T+ 0 A B E% A o BB VI b i PR
EVERGE SR PR EIECRET Y 70-120%
A - BEREL (coefficient of variation, CV)

<20% (15,21,23) o

+—- % & W R
quantitation, LOQ)

(limit  of

FFA

RTINS 5 MR H R A
WA (B ) Kb FEARFEEE =
WA NI AR R S - R A E
ZEEMGIR o FIRERTER 70-120% - H
i FLARBI<20% -

i o L i

ARWFFEFRZ2 B8 QUEChERS Fik
HELTIEIRCRERES - B S FEEE 5K A
ZHUA (&) KIS O - %
IR 3 70 e 5 BRCBU [ AE 2 S TR B A% -
3 fifi H B — M (specificity) ~ Y ff &

(accuracy) MAEEREE (precision) °

— ~ M ERR

HEHSHE - At~ R - S8
FREIZUA (B ) RAFIRZE It ds
K A B 7 vk A R R B RL UL D AR & AR
(matrix calibration curve, MCC) » 43 BT A
1 mL 2 2 % 200 ng/mL EEHEEWK LA :
2+5+10~20 50 % 100 ng/mL - T :
5~10~20~ 50~ 100 Jz 200 ng/mL) » £/
FE 5 FEARNRE - H R Rz
MHEARBEOREBE S5 T
emamectin benzoate Bla fE$& HEUIA Z B
0.9999-1.0000 ~ <= H i AT ik K 0.9998-
0.9999 ~ ‘ABEFAHLA Ry 0.9997-1.0000 ~ H
BE AUl s 0.9996-1.0000 ~ 528 B by
0.9999-1.0000 ~ L& 2 £ i g Fy  0.9989-
0.9990 ~ {EENLA R 0.9998-1.0000 - i
FF g s 0.9998-0.9999 ~ B 1 L A Fy
0.9997-0.9999 - B8 R B B 0.9994-
0.9998 » emamectin benzoate B1b &< H i
LA Z By 0.9996-1.0000 ~ <= H il 1 g Fs
0.9997-1.0000 ~ 1 ¥t F LA Ky 0.9996-
0.9999 ~ LB F B s 0.9998-0.9999 - &
SRF LAy 0.9998-1.0000 ~ B[ £ T i Fy

R0 EHANT 2N BT RERA TR
wmE

Table 4. Maximum permitted tolerances for
relative ion intensities using LC-MS/MS

Relative intensity (% of base peak)? Relative (%)
>50 % +20
>20-50 % +25
>10-20 % +30
<10 % +50

O NS TR T P T T T B e
RIS (<100%)



0.9998-1.0000 ~ 73 fi& Bl N

1.0000 ~ ¥ AT B Ry 0.9997-1.0000 ~

LA

0.9998-1.0000
0.9994-0.9999 » [yt #i 14: [o] st 7 2 =2 #H

7N

0.9997-
= g

PARRY

LERI

(1)

Y AR A Py I RES

39

FAREL () KA 0.99 » HpHEFfE
i P o (R e it 1 [0 i 5 R 2 A B 1R B
(r) e B AR B R [T Bt G A2 S AR B AR B
AERRAERAN -

KA <BiE - AHA RITB - BELEHAIA (BK) EEZRA 0=5 K£EH
(n=3) FEHEFRE  RMUEE (2-100 ng/mL) MEMEFHFERHEERE ()

Table 5. Intra-day (n=5) and inter-day (n=3) linear equation in matrix, linear ranges (2-100 ng/mL),

tilapia, cobia, and black seabream

and correlation coefficients (r) for emamectin benzoate in muscle matrix of perch, grouper,

Linear equation in matrix

Correlation coefficient (r)

Matrix Compound name
15t day 2nd day 31 day Istday 2rdday 34 day
emamectin benzoate Bla y=25120.8 * x - 443.428 y=24679.8 * x - 11427.5 y=17643.4 * x - 4213.81 1.0000 0.9999  0.9999
perch muscle emamectin benzoate B1b y=457.494 * x + 119.959 y=419.257 *x - 103.503  y=370.457 * x +-31.3361 0.9996  0.9997  1.0000
emamectin benzoate Bla y=25120.8 * x - 443.428 y=23193.7 * x - 12573.6 y=27620.8 * x + 11653.3 1.0000  0.9997  0.9998

grouper muscle

emamectin benzoate B1b y=472.593 * x +20.2428 y=395.912 * x - 103.938 y=546.032 * x - 74.7863 0.9999  0.9996  0.9999
o emamectin benzoate Bla y=22467.1 * x- 5320.52 y=25011.5 * x - 7339.93 ¥=23959.4 * x + 3450.03 0.9999  1.0000  0.9999
tlapiamuscle emamectin benzoate B1b y=350.141 * x + 286.689 y=402.439 * x +205.281 y=448.196 * x + 73.8315 0.9998 0.9998  1.0000
X emamectin benzoate Bla y=29167 * x + 1314.49 y=22216.1 * x - 6165.12 y=19082.6 * x + 3526.44 1.0000  0.9999 0.9998
cobla muscle emamectin benzoate B1b y=610.016 *x +71.0104  y=380.277 *x + 135411  y=363.038 * x + 144.729 1.0000  0.9997  0.9999
black seabream emamectin benzoate Bla y=22831.9 * x - 7605.47 ¥=26696.7 * x - 9325.02 y=22756.5 * x - 2233.31 0.9998  0.9999  0.9997
muscle emamectin benzoate B1b y=378.057 * x + 16.1116 y=434.561 * x + 66.3307 y=423.447 * x - 104.361 0.9999  1.0000  0.9998

ok

KN B AHA - RIEACBEMBHFEEEZRA =5 KEH (0=3)
7RI BRIEEE (25-1,000 ng/mL) RARVERIER SN ZAEBRER ()
Table 6. Intra-day (n=5) and inter-day (n=3) linear equation in matrix, linear ranges (25-1,000 ng/mL),
and correlation coefficients (r) for emamectin benzoate in liver matrix of perch, grouper,
tilapia, cobia, and black seabream

Linear equation in matrix Correlation coefficient (r)

Matrix Compound name
15t day 2nd day 31 day 15t day 2nd day 3d day
) emamectin benzoate Bla  y=10600 * x +4114.96 y=10777 * x - 5067.61 y=13665.9 * x - 4451.59 0.9999 0.9998 0.9999
perch liver emamectin benzoate Blb  y=164.319 * x - 67.3055  y=140.909 * x + 21.0018  y=206.455 * x - 154.505 1.0000 0.9999 0.9997
. emamectin benzoate Bla  y=15429.6 * x - 3682.88  y=14603.2 * x - 3222.46  y=15408.9 * x - 22600.6 1.0000 1.0000 0.9996
grouper liver emamectin benzoate B1b ~ y=330.767 * x + 19.1426  y=258.965 * x +238.127 y=262.253 * x - 213.856 0.9999 0.9999 0.9998
R emamectin benzoate Bla  y=20999.7 * x + 10881.8  y=18728.5 * x +2693.28 y=20284.6 * x + 7758.39 0.9990 0.9990 0.9989
tlapia tiver emamectin benzoate B1b  y=386.427 * x +34.5561 y=344.489 * x +-118.032 y=371.548 * x +91.432 0.9998 0.9999 1.0000
L emamectin benzoate Bla  y=17651.1 * x +9336.24 y=19561.2 * x +9522.42 y=16193.2 * x - 15602.3 0.9998 0.9999 0.9999
cobia liver emamectin benzoate Blb ~ y=328.982 * x +218.942  y=408.206 * x + 74.595 y=280.475 * x - 1.04612 0.9997 0.9999 1.0000
black seabream  emamectin benzoate Bla  y=13253.3 * x - 11476 y=12843 * x +1999.75 y=12930 * x - 14832 0.9994 0.9996 0.9998
liver emamectin benzoate Blb ~ y=219.408 * x - 138.021  y=237.452 * x +252.125 y=226.681 * x - 46.1072 0.9998 0.9994 0.9999




40 EEMESSERIEE 55 19 1)

—~ EEmE (LOQ)

RIWEITHA 5 Mg H KA 2N
(&5 KiFEREE R LoQ » WM
PR 5 nglg » M BEE MRy 50 ng/g > [FIH
Je 5t H [z IR G A R R RIT
PR RIS LOQ ZElRE 76.4-
102.8% % 73.2-111.0% » #2280k 0.5-
19.8% » [EUREREAHY 70-120% i H
FARB<20% - H M el 5 5 12 =2 AR
FRE (r) B9>0.99 » £7 & 6 A mEF]E & b
SEYPEE NG B LR T R
HE (19 .

=~ H%

S HEE - AR RER - R
KB ZIAN (FE) B WA ka5
Tk E TR AR - A BT
ERIHE - FERE =

Y ~ e

J Al — B B = R [R] — #E R AT B b
T ez AE R Rs[A H  (intra-day) (58
—H~BH > FE=H) o K SR EAR
Fe R & 22 1 LA BT g ot R o 4 R
WTREHE A, - R HEEIRER (%) @ IR
s LOQ (WA : 5ng/g ~ AT - S0ng/e) K
10 £% LOQ (WLK : 50 ng/g ~ fFHE : 500
ng/g) » FEREURFAIH GE—H) UL LOQ
[HKR 76.4-98.8% ~ ILAA 10 £% LOQ a1

R 85.2-93.5% ~ fFlE LOQ [EIHR 75.2-
100.6% ~ T 10 £5 LOQ [EIIL*E 75.4-
99.8% ; [AIH ((E—H) WA LOQ [EH=K
81.6-96.0% ~ JILEY 10 £% LOQ [ 83.6 -
97.5% ~ Hhg LOQ [EI=R 73.2-103.6% »
i 10 £% LOQ [E13% 83.0-98.3% ; [ H
((E=H) WL LOQ =Kk 80.8-102.8% »
HILIA 10 £% LOQ [ 3R 86.6-102.3% ~ [Tk
LOQ[E[Ig= 73.4 -111.0% ~ FFlE 10 %2 LOQ
R 78.3-96.3% » Lt ATfS ALK
7 70-120% AN ~ BEELARE<20% - ALK
LER/N -

I~ FEE

[l — BB = A 230 B AT b
BB 2R 2 H  (inter-day) » #f
REUREHILA LOQ [EIK = 84.0-97.2% »
WL 10 %5 LOQ IR 87.3-95.3% ~ [T Jifk
LOQ [E[Ig 77.4-90.3% ~ il 10 % LOQ
B 84.3-89.1% » Lt Fif5[EIK=R 5/
R 70-120% A ~ B ELARE<20% > HEEY
[ R BB AR BEE R R R -

o

%

AT R 22E 8 QUEChERS Jii% »
A6 fE F LC-MS/MSS Bl 28 i i T H AR fafd
(S HE - Ot~ R KR
WA (& RZ) B g Ry T i e B
% AEFILIAZ LOQ B Sng/g ~ HT i
Z LOQ By 50 ng/g - [E] H e 52 H iz B
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B AT 2 RIEER B 2N AEEZ MRM [EFE © (A) emamectin benzoate Bla : (a) £ B#EZER

W~ (b)) ARAZANA -~ (o) RIBAZANA ~ (d) BEZEIEAE () BHZE=AMNA (D BNE
EM@EAMAEZS 20 ng/mL ~ (g) MARANAEEDR 20 ng/mL ~ (h) RRBAYPIAEEH 20
ng/mL ~ (i) F/EEINAEED 20 ng/mL ~ () PNELHPLAEEH 20 ng/mL - (B) emamectin benzoate
Blb i (a) £ BHEZANN ~ (b) AHAZTZTANA ~ () RIBAHZEAMNA ~ (d) FEZ=EHA - (c)
BEZENA () REEEIAEES 20 ng/mL ~ (g) RAHRAHIAEES 20 ng/mL ~ (h) RR
AN EEF 20 ng/mL ~ (1) FBEAIAEER 20 ng/mL ~ §) REMAINAEZER 20 ng/mL -

Fig. 2. Representative mass chromatograms of (A) emamectin benzoate Bla: (a) perch muscle blank, (b) grouper

muscle blank, (c) tilapia muscle blank, (d) cobia muscle blank, (e) black seabream muscle blank, (f) perch
muscle matrix fortified with 20 ng/mL emamectin benzoate, (g) grouper muscle matrix fortified with 20
ng/mL emamectin benzoate, (h) tilapia muscle matrix fortified with 20 ng/mL emamectin benzoate, (i)
cobia muscle matrix fortified with 20 ng/mL emamectin benzoate, and (j) black seabream muscle matrix
fortified with 20 ng/mL emamectin benzoate. Representative mass chromatograms of (B) emamectin
benzoate B1b: (a) perch muscle blank, (b) grouper muscle blank, (c) tilapia muscle blank, (d) cobia muscle
blank, (e) black seabream muscle blank, (f) perch muscle matrix fortified with 20 ng/mL emamectin
benzoate, (g) grouper muscle matrix fortified with 20 ng/mL emamectin benzoate, (h) tilapia muscle matrix
fortified with 20 ng/mL emamectin benzoate, (i) cobia muscle matrix fortified with 20 ng/mL emamectin

benzoate, and (j) black seabream muscle matrix fortified with 20 ng/mL emamectin benzoate.
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Fig. 3.

REST D BITEEET B 2 EEE 2 MRM EFE © (A) emamectin benzoate Bla @ (a) &= BEZE AT
B~ (b) ARAZANE - (o) RIFBAZENE () BEZOTE - (o BHZANE (D RE
BEERTEES D 20 ng/mL ~ () RMAATEEER 20 ng/mL ~ (h) RRBAFFEZ S 20
ng/mL ~ (i) FOEBEFEEEF 20 ng/mL ~ §) P REEAFFHEEE A 20 ng/mL - (B) emamectin benzoate
Blb : (a) SEEZAMNE - (b) AWBZANE () RIBAZAME - () BEZAFE - (o
REZEIE () RESEMWFBEEED 20 ng/mL  (g) RAWAMEEES 20 ng/mL » (h) RR
SEAEFTREEE T 20 ng/mL ~ () FOBEETEEZ R 20 ng/mL ~ () R EBHIFFEEE S 20 ng/mL -

Representative mass chromatograms of (A) emamectin benzoate Bla: (a) perch liver blank, (b) grouper
liver blank, (c) tilapia liver blank, (d) cobia liver blank, (e) black seabream liver blank, (f) perch liver
matrix fortified with 20 ng/mL emamectin benzoate, (g) grouper liver matrix fortified with 20 ng/mL
emamectin benzoate, (h) tilapia liver matrix fortified with 20 ng/mL emamectin benzoate, (i) cobia liver
matrix fortified with 20 ng/mL emamectin benzoate, and (j) black seabream liver matrix fortified with 20
ng/mL emamectin benzoate. Representative mass chromatograms of (B) emamectin benzoate Blb: (a)
perch liver blank, (b) grouper liver blank, (c) tilapia liver blank, (d) cobia liver blank, (e) black seabream
liver blank, (f) perch liver matrix fortified with 20 ng/mL emamectin benzoate, (g) grouper liver matrix
fortified with 20 ng/mL emamectin benzoate, (h) tilapia liver matrix fortified with 20 ng/mL emamectin
benzoate, (i) cobia liver matrix fortified with 20 ng/mL emamectin benzoate, and (j) black seabream liver

matrix fortified with 20 ng/mL emamectin benzoate.
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KT <HE - AHA RTH - BELEHIA (BK) EE2ZRAB =5 KEH
(n=3) LOQ (5 ng/g) A2 10 f& LOQ (50 ng/g) [mIUF= [ 5 E AR E

Table 7. Intra-day (n=5) and inter-day (n=3) recovery rates and coefficients of variation for emamectin

benzoate in muscle of perch, grouper, tilapia, cobia, and black seabream (LOQ: 5 ng/g, 10x

LOQ: 50 ng/g)

Intra-day
Inter-day
1t day 2nd day 3d day
Matrix Compound name 10x 10x 10x 10x
LOQ LOQ LOQ LoQ
CV% LOQ CV% CV% LOQ CV% CV% LOQ CV% CV% LOQ CV%
R% R% R% R%
R% R% R% R%
,  cmamectinbenzoacBla 844 20 927 05 884 10 8.6 54 940 30 966 10 889 54 9.0 73
CIC)
P ,,  cmamectinbenzoate BIb 80.8 85 935 38 944 88 901 55 960 21 1023 11 904 92 953 66
m
NS emamectin 843 19 927 05 85 10 8.7 54 940 30 967 10 8.0 55 9oLl 73
emamectin benzoate Bla 844 2.0 927 05 932 19 897 14 808 14 894 11 861 74 906 2.0
i T
go"ple emamectin benzoate Blb  82.0 9.8  89.6 4.0 960 39 894 40 928 99 86 21 903 81 885 19
muscle
emamectin 844 20 927 05 933 19 897 14 810 15 84 L1 82 74 906 2.0
iy Cmamectinbenzoate Bla 828 13 851 13 888 12 908 LI 80 47 917 18 89 35 892 40
1lapia
pl emamectin benzoate Blb 764 57 892 14 920 43 975 28 856 159 97.6 29 847 93 948 5.1
m
NS emamectin 827 13 82 13 89 13 909 LI 80 48 918 18 858 3.6 893 40
o emamectin benzoate Bla 83.6 2.0 862 2.8 848 27 89 18 844 20 920 19 843 07 87.3 48
1
o al emamectin benzoate Bb  82.8 44 859 4.1 8.6 47 875 33 876 76 981 22 840 38 905 73
muscle
emamectin 8.6 19 8.2 28 847 26 840 18 845 20 922 18 843 07 874 49
black  emamectinbenzoate Bla 93.6 1.8 892 1.0 8.8 13 8.0 18 1028 17 967 L5 944 85 906 60
seabream emamectin benzoate BIb 98.8 6.2 90.2 34 90.0 72 89.0 3.1 102.8 3.0 96.8 1.2 972 6.7 920 45
muscle  emamectin 937 18 83 10 89 13 8.1 18 1028 17 967 14 945 85 907 60

KA\ -TEHE ARA REE - BENEHLTEEEZER (0=5) KEH (0=3)
LOQ (50 ng/g) & 10 {5 LOQ (500 ng/g) [B]Wr=R ;i B (R &)
Table 8. Intra-day (n=5) and inter-day (n=3) recovery rates and coefficients of variation for emamectin
benzoate in liver of perch, grouper, tilapia, cobia, and black seabream (LOQ: 50 ng/g; 10x
LOQ: 500 ng/g)

Intra-day
Inter-day
1% day 214 day 31 day
Matrix Compound name 10x 10x 10x 10x
LOQ LOQ LOQ LoQ
CV% LOQ CV% CV% LOQ CV% CV% LOQ CV% CV% LOQ CV%
R% R% R% R%
R% R% R% R%
emamectin benzoate Bla ~ 77.0 4.0 75.4 4.2 90.0 1.8 90.0 1.4 101.0 1.9 89.5 1.5 893 134 850 9.7
perch liver emamectin benzoate Blb ~ 85.0 9.4 775 64 1036 198 926 4.1 111.0 1.9 90.7 2.0 99.9 134 869 9.4
emamectin 772 4.0 75.4 4.2 903 1.6 90.0 1.4 101.2 1.8 89.5 1.5 89.5 134 850 9.7

emamectin benzoate Bla  80.0 7.0 754 52 842 3.1 956 2.0 1052 5.0 837 3.1 89.8 150 849 120

grouper liver emamectin benzoate Blb ~ 82.0 7.7 71.6 6.2 834 58 98.3 1.9 107.4 5.0 87.8 1.6 90.9 15.7 87.9 11.8
emamectin 80.0 7.0 754 52 842 3.1 956 2.0 1052 5.0 83.8 3.1 89.8 150 849 12.0

emamectin benzoate Bla 752 1.5 86.6 1.8 836 32 93.7 59 734 3.1 783 53 774 7.0 86.2 8.9

tilapia liver ~ emamectin benzoate Blb ~ 83.6 2.2 86.0 1.6 938 3.1 92.6 43 85.6 6.8 80.3 6.4 87.7 6.2 86.3 7.2
emamectin 754 1.5 86.6 1.8 83.8 3.2 93.6 59 73.6 3.2 783 53 776 7.0 86.2 8.9

emamectin benzoate Bla ~ 97.8 3.5 99.8 124 732 39 833 69 99.8 3.8 826 32 90.3 164 836 11.0

cobia liver emamectin benzoate Blb  100.6 4.0 9.8 1.5 770 22 830 56 1012 32 874 38 929 149 891 7.9
emamectin 979 34 99.8 123 733 38 833 6.8 99.8 3.7 827 32 90.3 164 88.6 109

black emamectin benzoate Bla ~ 82.6 3.3 71.5 43 796 2.4 83.5 6.9 105.0 4.2 91.8 1.7 89.1 156 843 8.6
seabream emamectin benzoate Blb ~ 86.6 6.1 83.5 4.1 784 29 849 6.1 1092 5.6 96.3 1.9 914 175 832 8.0

liver emamectin 82.7 32 776 43 79.6 2.4 83.5 6.9 105.1 4.1 91.9 1.7 89.1 156 843 8.5
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B AG RAUR - R T IR fa A B b
LOQ & 10 % LOQ Z[EISZRENHA 70-
120% ZfH - H 38 FARH<20% » HARTEE
B TR MRS () B>0.99 » [ &
AR R LY EEE AL 2R ML
B b s T A e (9 U5 Rz B
o H M WERER ORI - ATHE
WS Al P B AR Ml 2 v R AR (3
WLEA B P o IRTTT -

B NIRRT S avermectin B4 E )
Br 70D R & & KE M R ET
(abamectin) ~ [KJ§7] (emamectin) Z 6 '
HIAEE - NI KNBE TR L 35
mL ~ [EC b 40 mL ZRZEHUFAL » IR &
DR AR 27 5758 0 LR R K2
LOQ Jy 5 ng/g - SSELEEREALN 2024 4
DA sk AN & & E R
R L - ZEBYE ST E (D)
(9 V7 REEEER . QUEChERS J7 kR
HE&EELZ A ~ B~ BB ~ R
oo - U (24-D) KRBT
(emamectin benzoate Bla) % 12 IHEEEE »
PL A a8 IR AE WL e PR 55 B P H A o (R
7T (emamectin benzoate Bla) LOQ % 10
ng/g o MAHICHI 2 < KI7] (emamectin
benzoate Bla Jt Blb) # ] /5 i i H
QuEChERS J5i% > DAZHE 10 mL ZEHUF
b IREBEEORFFEETE 16 78 JIRZ
LOQ %y 5 ng/g ~ Mz LOQ Ky 50 ng/g -
LEE AR SE {2 avermectin 2BPI4EFE 4>
WTERZEBRE SN ITE (5) <FEE
FEYF 1 1. QUEChERS J7 1 Al #4558

12 W5l ke 177 AR E ;5 2.
AL LOQ HERTE 5 ng/g » [KI[AIIR hs s
emamectin benzoate Bla &% Blb * 7E
emamectin benzoate B1b {5 lLAKE & - AT
ik LOQ HEBEEZR] 50 ng/g ; 3. AFiEE
Fo/KEESh Wb ik HUBRAISR LR -
A Codex ~ ZEE ~ TNEK K B ESERE]
R EHH R A A o U E AL A TR
7] (emamectin benzoate Bla) ¥ A &
B Ry 100 ng/g » (EEI SN EER A Mgk 22 A 5t
EMBRA R A EARE - ORI TER
g B f i N R T B s s E A
HEEREHE - RAEFTERREEERH
PSRRI T f e B R A B B & il
FHAEL SR Bh Y i P9 28 B SE Y e s o B S5

prA=d

ENUFES £ SEibE S ati el
{IRMRETE 110-113 FEERETTIER SY
H AR R Z IR 97T 5% B S0 Y A 2
(110 E2RL-6.4.1-85-P1(1) ~ 111 EEL-6.2.1-
#E-P1(1) ~ 112 BE-6.2.1-2E-P22) ) 113
EFE-6.2.1-28-02(1) - KRR LY
AR TP R R [ (0 B BB AT - 3
EL -
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TN~ B8 avermectin BIMA RN HE ~ 2EEEINHE (2) KAMERAEZHE

Table 9. Comparison of test of avermectins, multiresidue analysis (2), and the developed method in

this study
i Multiresidue analysis (2)'¥  Development method in this
Test of avermectins (¥
(QuEChERS) study (QUEChERS)
Sample type Livestock, poultry, and Livestock and poultry Aquatic products — muscle

aquatic products — muscle,
organs, and milk

Emamectin homolog emamectin
(unlabeled Bla or B1b)
LOQ 5 ng/g

Organic solvents

acetonitrile: 35 mL

products - muscle, organs,

and liver

fat egg, and milk

emamectin benzoate Bla

10 ng/g

acetonitrile: methanol (4:1)

emamectin benzoate bla
emamectin benzoate B1b

muscle: 5 ng/g  liver: 50
ng/g

acetonitrile: 10 mL

n-hexane: 40 mL 10 mL
Time of vortex and 27 min 15 min 16 min
centrifuge
6. =20 - 2024 - K 7T (emamectin

i SCRK

. JEEIFE - 2014 < JKEEBIVIRTHEEE NG

ATERBE R SRR B RESER) - 2019 -

B F 5L FHAHERIZE 3 R SC T
— o BIGFES 1081471301 SRS EIE -
FREMAN ~ THSHHSR ~ BEER - 2018 o ZKEE
Pla R AR R B RE - KA H
2 63 :31-36 °

CRET TREE ~ B 0 2023 o BIRR

JERLERIEL 14 1 55-85 -

BROCEE ~ BRSCHR ~ RIRE ~ PRSRPE ~ BR
T~ FEET - WK #R - 2019 -
HFREVAEBNT - BETHEEE - =
It - 32 H o

H
R - BREEEE 9 1 37-49 -

10.

benzoate) =R EEG RN/ REE 71k - 4%
BH55 1131876289B BEEIE -

BESEHD - 2023 - RREMETF AL
) o & B https://agrstat.moa.gov.tw/
sdweb/public/book/Book.aspx (Jun. 11,

2024)

- RESETREEYIN AR - 2024 - BIY)

SE ST Rl

https://amdrug?2.aphia.

FEELLERIRSSHE - B
H#H oo B H
gov.tw/license-query (Jun. 18, 2024)

. BISCHE HR o 2003 o EIE/KESYRE

ith » FTBUB B A P AR T
(LB 3SR R BB + 251 - 193
H -

BIEDE - 2016 - BEEKFE R A
B (B Bk R (5
B A ERERPT) « 5 « 141 H -
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15.

16.

17
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Bl5AgE - 2011 - FriSE/KEBYI R EEN,
foE AR R T - BRBEEGER 4 8-10
25188 - 2015 - BREEHNBE I PTE 2L a2
AIBER - BRBEEER 11 1 20-27 -
HAERRAIER - 2013 - Fein B SRR
B EMba71% — Avermectin AR
s - BERTFA 1021950070 5% -
AR R AL EE Y E B - 2024 - fR
Bk - R R
TiE-—Z2EBE N TR
(TFDAP0028.00) ° Uiy H
https://consumer.fda.gov.tw/Food/Testing
Detail.aspx?nodelD=1037&id=8545 (Apr.
18, 2025)

RSN R S E R - 2021 - B

mn G 2 M B U7 1R L T #E - A E
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Development of an Analytical Method for
Emamectin Benzoate Residues in Muscle and

Liver of Major Perciformes Species in Taiwan
Yi-Ju Chen!, Hui-Shan Chen', Tsyr-Horng Shyu!, Ching-Yu Tu'"

Abstract

Chen Y. J.,,Chen H. S., Shyu T. H., and Tu C. Y. 2025. Development of an analytical method for
emamectin benzoate residues in muscle and liver of major Perciformes species in Taiwan.

Taiwan Pestic. Sci. 19: 31-48.

The study developed a method to analyze the residue of emamectin benzoate, a
veterinary drug with anti-parasitic efficacy for aquatic animals, in the muscle and liver of
major Perciformes species. The muscle (with skin) and liver of five Perciformes samples,
including perch, grouper, tilapia, cobia, and black seabream, were collected from a market in
Taiwan. Following the addition of emamectin benzoate to the muscle and liver, the samples
were purified using the EU QuEChERS procedure with acetonitrile, buffered salts, and
dispersive solid phase extraction (dSPE) in a tube. The presence of emamectin benzoate
residues in the edible tissues was then analyzed by liquid chromatography-tandem mass
spectrometer (LC-MS/MS). The results revealed that average intra-day recovery rates in
muscle and liver ranged from 76.4-102.8% and 73.2-111.0%, respectively, and the
coefficients of variation (CV) were <20%. For average inter-day recovery rates, the values in
muscle and liver ranged from 84.0-97.2% and 77.4-99.9%, respectively, and the coefficients
of variation (CV) were <20%. The limit of quantitation (LOQ) for emamectin benzoate in
Perciformes muscle and liver was determined to be 5 ng/g and 50 ng/g, respectively. Thus,
this method could be used to analyze emamectin benzoate residues in the edible tissue of
Perciformes, specifically muscle and liver.

Key words: emamectin benzoate, Perciformes, LC-MS/MS, validation of analysis method
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