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-18  15 

 0.40  5 

fluorescence excitation 265 emission 470

/ isocratic
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 0.03 – 2.0 /
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 5 

(SPE) -18 LOD  0.003 / LOQ

0.01 /

 96.52 

5 – 7  8  7 

 2 MRL
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MRL  37 
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 9 MRL 3



Abstracts

 A test of optimum conditions for analysis of abamectin residues in tomato and snap 

bean fruits was carried out with the use of HPLC.  It was found that the optimum conditions 

for the analysis are as follows: Using carbon-18 column with 15 cm length, 0.04 cm diameter, 

and 0.5 µm absorbent; fluorescence detector at 365 nm excitation wave length, 470 nm 

emission, using acetonitrile and 10% acetonitrile/water with isocratic mixing at 97:3 rate as 

mobile phase with flow rate at 1.5 mL/min and 20 µL inject volume.  The calibration curve 

had straight line at 0.03 to 2.0 mg/L; regression coefficient value, r2 = 0.9998.  The appropriate 

method for extraction was the use of 30 mL of acetonitrile/5 g sample; cleaning the sample 

with SPE carbon-18 at LOD level of 0.003 mg/kg, 0.01 mg/kg of LOQ level.  This method 

showed high accuracy and precision with 96.52% recovery.  Results from the analysis of 

abamectin residues in tomato fruits right after spray and at 5 – 7 days intervals for 8 times 

showed that the residues reduced very quickly at first week then declined slowly since then.  

The abamectin residue reduction in both kinds of fruit was different.  The residue in snap bean 

reduced more quickly, only 2 days after spray, the residue dropped to lower than MRL value 

and none was left after 5 days.  The residue in tomato fruits took 14 days to reduce to the 

amount lower than MRL level and took 37 days for depletion of the abamectin residue. Using 

SPE and HPLC technique to analyse abamectin residue in 12 kinds of vegetable produces, 

three of which were found of abamectin at rate lower than MRL value. 
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1.1

(abamectin) 

(LD50)

11 / 330 / ( )

 ( rainbow

trout LD50  3.2 /  LD50

0.002 / ) ( , 2542) 

(Kaandorp, et al., 1989) GT

Pesticide Test Kit 

Cholinesterase

FAO/WHO Codex 

Codex

FAO/WHO (MRLs)

 0.01  0.02 /

 ( MRL   0.05 /

 5 / )

 (avermectin)

(Macrocyclic) 1

Streptomyces avermitilis avermectin B1a

80 avermectin B1b  20  (Pozo, 2003) 
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 1  (Diserens, 1999) 

High Performance Liquid Chromatography 

(HPLC) Gas Chromatography (GC) 

Analytical column 

 (Resolution) (Sensitivity)

(peak)

GC

HPLC

HPLC

 ( , 2548)

Liquid-Liquid

Extraction (LLE) 

Solid Phase 

Extraction (SPE) 

SPE

LLE partition partition

LLE absorbent

SPE cartridge SPE
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1.

2.

3.

clean up 

4. SPE

SPE

SPE  4 

1. Conditioning

2. Sample Application Loading

SPE cartridge 

3. Washing 

4. Elution

 2

  Conditioning solvent         Sample                 Washing sample Elution solvent 

Conditioning              Sample Application         Washing             Elution 

 2 SPE (Baker, 1991) 
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(Hydrophobic)  

–18 (C18) bonded silica   

–18

 1

 1 SPE Cartridge (Alltech, 2002) 

(Mode) (Sorbent type)

Reversed phase C18, C8, C4, 
C2, Cyclohexyl, 
Phenyl

Hydrophobic
bonded silica hydrophobic

aqueous solution

Normal phase Silica, Florisil, 
Amino, Cyano, 
Diol, Alumina 

Hydrophilic non-
polar solution

Anion
exchange

SAX Anionic 
compound 

Cation
exchange

SCX Cationic 
compound 

SPE

 3 (Alltech, 2002) 

3 SPE

Sample

Organic solvent soluble Water soluble 

MeOH & MeOH/H2O Hexane soluble Ionic Non ionic 

Reverse

phase

Normal

phase

(Bonded)

Normal

phase

(Adsorption)

Cationic Anionic Reverse  

phase

CN,C18, Phenyl CH,NH2, Silica, Florisil SCX SAX CN,C18, Phenyl
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SPE

(Elution) (Flow rate) 

(%recovery)

SPE cartridge reverse phase 

normal phase 

anion exchange pH

cation exchange pH

(Solvent strength) 

matrix 

washing

weak elution strength elution strong

elution strength loading

SPE

 2 (Solvent strength)  (Alltech, 2002) 

Normal phase  
elution strength 

Solvent Reverse phase  
elution strength 

Weak

Strong

Hexane
Isooctane

Carbon tetrachloride 
Chlorofrom

Methylene chloride 
Tetrahydrofuran

Ethyl ether 
Ethyl acetate 

Acetone
Acetonitrile
Isopropanol
Methanol 

Water 

Strong

Weak

(Conditioning)  25 

mL/min (Loading) SPE  (Elute)

 10 mL/min 

 20 mL/min 
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LC-MS LC-

MS-MS

 (SPE) 

(HPLC)  (Revert phase)

 (Detector) UV/Vis  245 nm 

(Derivatised) trifluoroacetic anhydride 1-methylimidazole 

fluorescence excitation 365 nm emission 470 nm 

(method validation) 

1. (Accuracy)

(%Recovery)  10 

%Recovery = ( x 1  - x
2
/C) x 100 

x
1

=

x 2 = 

C = 

 3

3  Within Laboratory Method validation Criteria for Analysis of Pesticide 

Residues
Concentration Repeatability

%CV
Reproducibility

%CV
Range of Mean

%Recovery
 1 g/kg 35 53 50-120 

> 1 g/kg 0.01 mg/kg 30 45 60-120 
> 0.01 mg/kg 0.1 mg/kg 20 32 70-120 
> 0.1mg/kg 1 mg/kg 15 23 70-110 
> 1 mg/kg 10 16 70-110 

: GUIDELINES ON GOOD LABORATORY PRACTICE IN RESIDUE 

ANALYSIS., CAC/GL 40-1993, Rev.1-2003. page 25. 
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2. (Precision)

(%CV)  10 

%CV = (SD / x ) x 100 

SD =

x  = 

 3  2 

2.1 (Repeatability)

2.2 (Reproducibility)

3. (Limit of detection, LOD) 

(mg/kg) 

 10 

LOD

LODapprox = 3 SD
 LODapprox = LOD

SD  = 

LODapprox

 10 

noise 3 

4. (Limit of quantitation, LOQ) 

(mg/kg) 

10 LOQ

LOQapprox = 10 SD
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 LOQapprox = LOQ

SD  = 

LOQapprox

 10 

%recovery  3 

1.2

1.3

1.4

 (2548) 

LC-MS K. Yoshii et al., (2000) P. Satter 

Syngenta Crop Production Limited LOQ 0.005 mg/kg

Kaandorp (1989)  100 g 

ethyl acetate 200 mL Buchner funnel 

 residue hexane

clean up aminopripyl SPE cartridge hexane, toluene, 

methylene cholide  3mL cartridge

methylene chloride/acetone (1:2) 

methanol HPLC/DAD  245 nm

acetonitrile/water (70:30)  1.5 mL/min mobile phase

 86% %CV  5%

Cobin (1989) abamectin methanol 

iso-octane C-8 aminopropyl 

methanol 

HPLC Flucorescence detector Recoveries
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recoveries 8,9-Z-avermectin B1a  70%

recoveries avermectin B1a B1b

Trainor (1991) 8,9-Z-avermectin B1a

emulsions solvent partition 

emulsion 

Hicks (1992) abamectin 

pectinase

acetonitrile/water C-8

abamectin acetonitrile

abamectin hexane solvent partition

hexane clean up aminopropyl 

HPLC  LOD

 0.002 mg/kg recoveries spike

sample avermectin B1a recoveries

0.00197-0.079 mg/kg , avermectin B1b   0.0038-0.0059 mg/kg 8,9-Z-

avermectin B1a  0.0046-0.070 mg/kg

Wehner (1992) methanol 

C-8 abamectin C-8

aminopropyl methanol 

trifluoroacetic 

anhydride  1-methylimidazole acetonitrile LOD  0.005 mg/kg

Morneweck (1992) abamectin ,

abamectin 

hexane/water/acetonitrile

acetonitrile/water C-8

acetonitrile aminopropyl 

abamectin 

recoveries 8,9-Z-avermectin B1a  70 %

recoveries avermectin B1a B1b

Kvaternick (1993) validate abamectin B1a B1b 8, 9-Z-

avermectin   recovery avermectin B1a  0.005-
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0.100 mg/kg, avermectin B1b 0.0049 mg/kg 8, 9-Z-avermectin 

0.005-0.050 mg/kg 

Cobin (1995) 

Horbart food processor 

acetonitrile hexane

abamectin hexane aminopropyl sodium 

sulphate hexane, toluene dichloromethane 

acetone/dichloromethane 

HPLC

Diserens (1999) 

clean up C-18 SPE cartridge

derivatisation

HPLC/Fluorescenc  88-106%

Martin (2001) 

clean up alumina SPE C-18 SPE  LC-MS

methanol/acetonitrile/1%triethylamine  phosphoric acid (61:30:9)

 1 mL/min mobile phase 73-97%

%CV 14% LOD  2 ppb

Pozo (2003) 

LC-ESI-

MS-MS  80%  %CV repeatability

<10 LOD  0.007 mg/kg  

 United States Department of Agriculture Food Safety and Inspection 
Service, Office of Public Health and Science (2003) 

 Ivermectin, Doramectin, Moxidectin abamectin 

trimetnylamine Vertex

residue acetonitrile

SPE C-8 cartridge hexane alumina-B 

SPE  C-18 cartridge  methylene chloride/ethyl acetate (3:1)

C18 cartridge alumina cartridge acetone 1 mL

methanol 4 mL 
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LC/APCI/MS mobile phase acetonitrile/water/acetate

buffer (70:25:5) 

1.5
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1. (Optimum condition) 

 7  0.03, 0.05, 

0.1, 0.2, 0.5, 1.0  2.0 mg/L HPLC
UV/Visible  245 nm  fluorescence 

excitation 365 nm, emission 470 nm mobile phase Water 
Acetonitrile mobile phase 

1.1

1. (Volumetric flask, class A)  10 ml  100 ml 
2. (Micropipette)  100  1 ml
3. (Electronic balance) 5
4. (Nitrogen Evaporator) 
5.  High Performance Liquid Chromatograph (HPLC) 

UV/visible DIONEX C-18  15 cm 
0.40 cm  5 m sphere shape 

6.  High Performance Liquid Chromatograph 
Fluorescence Waters C-18  15 cm 

0.40 cm  5 m sphere shape Waters 
7. Solid phase extraction cartridge (SPE) 5 C-18, NH2, Siliga gel, 

Alumina-B, graphitecarbon/aminopropyl  500 mg 
8. Nylon membrane filter  0.45 m
9. Cellulose acetate membrane filter  4.7 cm 

 0.45 m
10. PTFE membrane filter  4.7 cm  0.45 

m



13

1.2

1. Acetonitrile HPLC grade
2. Abamectin primary standard 
3. Trifluoroacetic anhydride (TFAA)
4. 1-methylimidazole 
5. derivatization reagent 1 : trifluoroacetic anhydride : 

acetonitride 1:2  4 C
6. derivatization reagent 2: 1-methylimidazole 

1:1  4 C
7.  (conditioning solution) SPE C-18 

acetonitrile 30 mL  70 mL
8. (mobile phase) 100% acetonitrile mobile phase A 

10% acetonitrile mobile phase B 

1.3 (Preparation of standard solution) 

1. (Stock standard) 50 mg/L
Abamectin 5.0 mg acetonitrile

 100 mL acetonitrile

2.  (Intermediate standard)
10 mg/L  50 mg/L 
2 mL  10 mL

acetonitrile

3.  1 mg/L
 10 mg/L  1 mL

 10 mL acetonitrile

4.   (working standard)

calibration curve  0.03, 0.05 0.1, 0.2, 0.5, 1.0  2.0 

mg/L 1 mg/L  15,25, 50, 100, 
250, 500, 1000 L  10 mL

 50 derivatisation reagent 1 
 300 L Vertex mixture derivatisation reagent 2 
 200 L Vertex mixture  0.45 m Nylon 

membrane filter HPLC
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5.
 -18 

1.4

1.4.1 HPLC UV/Visible

HPLC - 
UV/Visible C-18  15 cm 0.40 cm 

 5 m (Injection volume) 50 L  mobile phase A 
Water mobile phase B Acetonitrile  245 nm 

gradient

40:60     5:95 (hold 3 min)        40:60 (hold 3 min) 

1.4.2 HPLC Fluorescence

HPLC – 
Fluorescence C-18  15 cm 0.40 cm 

 5 m 20 L  mobile phase 100% acetonitrile
mobile phase A 10%acetonitrile mobile phase B 

excitation 365 nm, emission 470 nm isocratic

2 min 2 min 
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2. /

clean up SPE C-18, aminopropyl

(NH2), Alumina-B, Silica gel  graphite carbon/aminopropylsiliga gel

2.1

1.  (Homogenizer)
2. (Glass funnel) 
3. (Volumetric flask, class A)  10 ml  100 ml 
4. (Evaporating flask) 
5. (Beaker)  100 ml  250 ml
6.  (Erlenmeyer flask) 250 ml 
7. (Micropipette)  100  1 ml
8.  (Sample vial)  1.5 ml 
9. (Electric balance)  3 

10. (Desiccator)
11. (Blender) 
12. (Rotary Evaporator) 
13. (Hood)
14. (Muffle furnace) 
15.  High Performance Liquid Chromatograph (HPLC) 

UV/visible C-18  15 cm 0.40
cm  5 m

16.  High Performance Liquid Chromatograph (HPLC) 
Fluorescence C-18  15 cm 
0.40 cm  5 m

2.2

 1.2
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2.3  (Analytical procedure) 

2.3.1 Clean up SPE C-18

 1.  5.0 centrifuge tube  50 mL 
 1.0 mg/L  0.1 mL 

 0.02 mg/kg Acetonitrile 15 mL  2 

Na2SO4 2 Homogenizer  10000 /

 1 centrifuge  6000 rpm 1
100 mL acetonitrile 15 mL 

 100 mL  

 2. SPE cartridge C-18  cartridge
acetonitrile  5 mL Water : ACN (70:30)

 5 mL  SPE 

 3.  1 SPE C-18 cartridge 5
mL/min  5 mL SPE
SPE  5 mL  cartridge

 5 

 4. abamectin SPE cartridge acetonitrile 5
mL (eluent)

 50 

 5. derivatisation reagent 1  300 L Vertex mixture 
derivatisation reagent 2  200 L Vertex mixture
membrane HPLC C-18

 150 x 40 (absorbent)  5 

acetonitrile/  97:3

 1.5 mL/  20 
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2.3.2 clean up SPE Aminopropyl (NH2)

1.  5.0 centrifuge tube  50 mL 
 1.0 mg/L  0.1 mL 

 0.02 mg/kg Acetonitrile 15 mL  2 

Na2SO4 2 Homogenizer  10,000 /

 1 centrifuge  6,000 rpm  1 

 centrifuge tube  50 mL acetonitrile 15 mL 
Vertex mixture

evaporating flask  50 residue
hexane 5 mL 

 2. SPE cartridge NH2  Na2SO4 1 cartridge
 cartridge hexane 3 mL  2 

SPE

3.  1 SPE NH2 cartridge 5
mL/min hexane 5 mL SPE SPE
hexane 4 mL toluene 4 mL dichloromethane 4 mL 

4. abamectin SPE cartridge acetone/
dichloromethane 1:1 10 mL

(eluent)

 5. derivatisation reagent 1  300 L Vertex mixture 
derivatisation reagent 2  200 L Vertex mixture
HPLC C-18  150 x 40

(absorbent)  5 acetonitrile/
10%acetonitrile  97:3

 1.5 mL/  20 
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2.3.3 clean up SPE Alumina-B

1.  5.0 centrifuge tube  50 mL 
 1.0 mg/L  0.1 mL 

 0.02 mg/kg Acetonitrile 15 mL  2 

Na2SO4 2 Homogenizer  10,000 /

 1 centrifuge  6,000 rpm  1 

 centrifuge tube  50 mL acetonitrile 15 mL 
Vertex mixture

evaporating flask  50 residue
iso-octane 5 mL 

 2. SPE cartridge  Na2SO4 1 carthrige
 cartridge iso-octane 3 mL  2  SPE 

3.  1 SPE NH2 cartridge 5
mL/min iso-octane 5 mL SPE SPE
iso-octane 5 mL 

4. abamectin SPE cartridge Methanol/ethyl acetate 
97:3 10 mL

(eluent)

 5. derivatisation reagent 1  300 L Vertex mixture 
derivatisation reagent 2  200 L Vertex mixture
HPLC C-18  150 x 40

(absorbent)  5 acetonitrile/
10%acetonitrile  97:3

 1.5 mL/  20 
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2.3.3 clean up SPE Silica gel 

 2.3.2 SPE NH2 Silica gel 

2.3.4 clean up SPE graphite

carbon/aminopropylsilica gel 

1.  5.0 centrifuge tube  50 mL 
 1.0 mg/L  0.1 mL 

 0.02 mg/kg Acetonitrile 15 mL  2 

Na2SO4 2 Homogenizer  10,000 /

 1 centrifuge  6,000 rpm  1 

 centrifuge tube  50 mL acetonitrile 15 mL 
Vertex mixture Na2SO4

.anhydrous  evaporating flask  50 

residue acetonitrile /toluene (3:1) 5 mL 

2. SPE cartridge graphite carbon/aminopropylsilanized silica gel 
 Na2SO4 1 cartridge  cartridge

acetonitrile /toluene (3:1) 3 mL  2  SPE 

 3.  1 SPE cartridge 5
mL/min acetonitrile /toluene (3:1) 2 mL 

 4. abamectin SPE cartridge  acetonitrile/toluene
(3:1)  20 mL

 5. derivatisation reagent 1  300 L Vertex mixture 
derivatisation reagent 2  200 L Vertex mixture
membrane HPLC C-18

 150 x 40 (absorbent)  5 

acetonitrile/  97:3

 1.5 mL/  20 
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3. (Limit of detection, LOD) 

 (Limit of quantification, LOQ)

(LOD)

LOD

1.  (Fortified 
sample)  (

0.02 mg/kg)  10 
SD

2. LODapprox LODapprox = 3SD

3. LOD
 LODapprox  10 

4. (Peak height) HPLC 3
NOISE (Signal/noise   3 ) 3

LOQ

1. LOQapprox LOQapprox = 10SD 

2. LOD
 LODapprox  10 

3.  Percentage coefficient of variance (%CV)
(%Recovery) 3

4. % Recovery 10
4 (Range of Mean, %Recovery) 

3
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4. (Accuracy)  (Precision) 

(Precision)

1. (Fortified 
sample) LOQ LOQ  1 (

MRL
)

2.  Fortified sample 2 10

3. %CV (10 ) Repeatability 
 2 (Repeatability, 

%CV) 3

4. %CV 2 ( 20 )
Reproducibility  

 3 (Reproducibility, %CV) 3

(Accuracy)

1. %Recovery
 20 

2. 4 (Range of Mean, 
%Recovery)  3
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5.

1.  1.8% W/V ( )

 20  20 

 40  30 

2.  1 , 7, 12, 17, 23, 30, 37  42 

 0, 1 , 2, 3, 4, 5,  6 

6.

1.  1 

2.
3.  0.02 

mg/kg 
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(Calculation)

 0.1 

 mg/kg  

C    =  (mg/kg)

Rspl = (Peak)
Rstd =
S     = g/mL 
Vf    = final volume 0.5 mL 
W  =  5 g

Rstd x W

C =    Rspl x S x Vf
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1. (Optimum condition) 

 7  0.03, 0.05, 

0.1, 0.2, 0.5, 1.0  2.0 mg/L HPLC

UV/Visible  245 nm  fluorescence 

excitation 365 nm, emission 470 nm mobile phase Water 

Acetonitrile mobile phase 

1.1 HPLC UV/Visible

 0.03, 0.05, 0.1, 0.2, 0.5, 1.0 

 2.0 mg/L  50 L  0.1, 

0.2,  0.5 mg/L  (  4) 

 1.0  2.0 mg/L Identified (  5) 

 10 mg/L 

(  6)

 4  0.03, 0.05, 0.1 

mg/L HPLC

UV/Vis  245 nm  50 L
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 5 2.0 mg/L 

HPLC UV/Vis  245 nm 

 50 L

 6  10 mg/L 

HPLC UV/Vis  245 nm  

 50 L

Ab
am

ec
tin

 B
1a

 

Ab
am

ec
tin

 B
1b

 
Ab

am
ec

tin
 B

1a
 

Ab
am

ec
tin

 B
1b
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1.2 HPLC Fluorescence

 0.03, 0.05, 0.1, 0.2, 0.5, 1.0 

 2.0 mg/L  mobile phase acetonitrile

 10% acetonitrile/water isocratic 97:3

 1.5 mL/min 20 L

 ( 4) (Over lay)

 7 calibration curve 

(Linearity) regression coefficient r2= 0.9998 (  8)

4

Concentration
(mg/L)

Peak area of 
B1b

Peak area of B1a Summary
Area

0.03 0 18791 18791 

0.05 0 29304 29304 

0.1 2742 67237 69979 

0.2 17612 99516 117128 

0.5 17885 269779 287664 

1.0 67044 509404 576448 

2.0 107440 1015254 1122694 
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 7  0.03, 0.05, 

0.1, 0.2, 0.5, 1.0  2.0 mg/L HPLC

Fluorescence excitation 365 nm, emission 470 nm       

20 L

 8 Calibration curve  0.03, 

0.05, 0.1, 0.2, 0.5, 1.0  2.0 mg/L 

Ab
am

ec
tin

 B
1a

 

Ab
am

ec
tin

 B
1b

 

P
ea

k 
A

re
a 
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2. /

clean up SPE C-18, aminopropyl, 

Alumina-B, Silica gel  graphite carbon/aminopropylsiliga gel 

2.1 clean up SPE C-18

(Spike)

 0.02 mg/kg clean up SPE C-18

%recovery  9  5

 9  spiked sample  0.02 mg/kg 

clean up SPE C-18

 5 clean up SPE C-18

Sample No. Peak Area 
Concentration

(mg/kg) 
%Recovery

1 150846 0.021 103.09 
2 139460 0.019 94.71 
3 128446 0.017 86.60 
4 142887 0.019 97.23 
5 114227 0.015 76.14 
6 144241 0.020 98.23 
7 84962 0.011 54.61 
8 113420 0.015 75.55 
9 102212 0.014 67.30 

Mean
%RSD

85.19
0.19

Ab
am

ec
tin

 B
1a

 

Ab
am

ec
tin

 B
1b
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2.2 clean up SPE aminopropyl

(Spike)

 0.02 mg/kg clean up SPE SPE aminopropyl

%recovery  10 

 6

 10  spiked sample  0.02 mg/kg  clean 

up SPE aminopropyl 

 6 clean up SPE aminopropyl

 Peak area 
Concentration

(mg/kg)
%Recovery

1 130367 0.176 88.02 
2 121238 0.163 81.30 
3 122999 0.165 82.59 
4 152406 0.208 104.23 
5 157485 0.216 107.97 
6 136332 0.185 92.41 
7 109164 0.145 72.41 
8 98232 0.129 64.37 
9 97579 0.128 63.89 

Mean
%RSD

84.13
0.19

Ab
am

ec
tin

 B
1a

 

Ab
am

ec
tin

 B
1b
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2.3 clean up SPE Alumina-B

 0.02 mg/kg clean up SPE Alumina-B  11 

clean up Alumina-B %recovery

(17.29%)

 11  spiked sample  0.02 mg/kg 

clean up SPE  Alumina-B 

2.4 clean up SPE Silica gel 

 0.02 mg/kg clean up SPE Silica gel 12

%recovery  (17.89%)

12  spiked sample  0.02 mg/kg 

clean up SPE  Silica gel 

Ab
am

ec
tin

 B
1b

 
Ab

am
ec

tin
 B

1b
 

Un
k.
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2.5 clean up SPE graphite carbon/aminopropylsiliga gel 

 0.01 mg/kg clean up SPE Silica gel 13

%recovery  (57.02%)

13  spiked sample  0.01 mg/kg 

clean up SPE  graphite carbon/aminopropylsiliga gel 

Ab
am

ec
tin 

B1
b 

Ab
am

ec
tin 

B1
a 
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3. (Limit of detection, LOD) 

 (Limit of quantification, LOQ) 

LOD

(Fortified sample)  0.02 mg/kg  10 

SD LODapprox  3SD  7 

 7  0.02 mg/kg 

7 LODapprox

LODapprox = 3  0.0008 = 0.0024  0.003 mg/kg 

Sample No. Peak Area Concentration 
(mg/kg) 

%Recovery

1 90228 0.015 75.54 
2 104530 0.018 87.50 
3 96044 0.016 80.40 
4 95403 0.016 79.87 
5 105072 0.018 87.96 
6 96433 0.016 80.73 
7 99975 0.017 83.69 
8 96002 0.016 80.37 
9 103714 0.017 86.82 

10 98564 0.017 82.51 

Mean 0.0165 82.54

SD 0.008 -

%CV 4.82 -
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 0.003 mg/kg 

 10  8

 8  0.003 mg/kg 

Sample No. Peak Area Concentration 
(mg/kg) 

%Recovery

1 19378 0.0027 89.10 
2 18816 0.0026 85.48 
3 18250 0.0025 81.84 
4 20145 0.0028 94.04 
5 18709 0.0025 84.80 
6 19565 0.0027 90.31 
7 20059 0.0028 93.49 
8 18189 0.0024 81.45 
9 20085 0.0028 93.66 

10 18655 0.0025 84.45 

Mean 0.0026 87.86

SD 0.0002 -

%CV 5.56 -

8 LOQopprox = 10SD 

LOQopprox = 10  0.0008 = 0.008  0.01 mg/kg 
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 0.01 mg/kg 

 10  9

 9  0.01 mg/kg 

Sample No. Peak Area Concentration 
(mg/kg) 

%Recovery

1 53005 0.0089 88.78 
2 54722 0.0092 91.65 
3 71548 0.0120 119.81 
4 67497 0.0113 113.03 
5 71432 0.0120 119.62 
6 58120 0.0097 97.34 
7 71102 0.0119 119.06 
8 60848 0.0102 101.90 
9 60511 0.0101 101.34 

10 70222 0.0118 117.59 

Mean 0.011 107.01

SD 0.0012 -

%CV 11.5 -
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4. (Accuracy)  (Precision) 

(Fortified sample) 

LOQ LOQ 10

%CV repeatability 

%CV 2 20 reproducibility

10 repeatability

 0.01 mg/kg 

Sample No. Peak Area Concentration 
(mg/kg) 

%Recovery

1 67932 0.011 106.11 
2 65882 0.010 102.25 
3 65006 0.010 100.61 
4 65342 0.010 101.24 
5 65908 0.010 102.30 
6 64949 0.010 100.50 
7 64362 0.010 99.39 
8 65607 0.010 101.74 
9 64215 0.010 99.12 

10 71242 0.011 112.34 
mean 0.010 102.56 
SD - 3.96 

%CV - 3.86 
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 11 repeatability

 0.02 mg/kg 

Sample No. Peak Area Concentration 
(mg/kg) 

%Recovery

1 110912 0.019 93.51 
2 109436 0.018 92.12 
3 116684 0.020 98.95 
4 103609 0.017 86.64 
5 110630 0.019 93.25 
6 112766 0.019 95.26 
7 116783 0.020 99.04 
8 104515 0.017 87.49 
9 110471 0.019 93.10 

10 118057 0.020 100.24 
mean 0.019 93.96 
SD - 4.62 

%CV - 4.92 
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 12 reproducibility

 2  10  0.01 mg/kg 

Sample 
No.

Peak Area Concentration 
(mg/kg) 

%Recovery

1 67932 0.011 106.11 
2 65882 0.010 102.25 
3 65006 0.010 100.61 
4 65342 0.010 101.24 
5 65908 0.010 102.30 
6 64949 0.010 100.50 
7 64362 0.010 99.39 
8 65607 0.010 101.74 
9 64215 0.010 99.12 

10 71242 0.011 112.34 
11 53005 0.009 88.78 
12 54722 0.009 91.65 
13 71548 0.012 119.81 
14 67497 0.011 113.03 
15 71432 0.012 119.62 
16 58120 0.010 97.34 
17 71102 0.012 119.06 
18 60848 0.010 101.90 
19 60511 0.010 101.34 
20 70222 0.012 117.59 

mean 0.011 104.79 
SD - 9.11 

%CV - 8.69 
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 13 reproducibility

 2  10  0.02 mg/kg 

Sample No. Peak Area 
Concentration

(mg/kg) %Recovery 
1 110912 0.019 93.51 
2 109436 0.018 92.12 
3 116684 0.020 98.95 
4 103609 0.017 86.64 
5 110630 0.019 93.25 
6 112766 0.019 95.26 
7 116783 0.020 99.04 
8 104515 0.017 87.49 
9 110471 0.019 93.10 

10 118057 0.020 100.24 
11 90228 0.015 75.54 
12 104530 0.018 87.50 
13 96044 0.016 80.40 
14 95403 0.016 79.87 
15 105072 0.018 87.96 
16 96433 0.016 80.73 
17 99975 0.017 83.69 
18 96002 0.016 80.37 
19 103714 0.017 86.82 
20 98564 0.017 82.51 

mean 0.018 88.25 
SD - 7.21 

%CV - 8.16 
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 14 accuracy

 4  10  0.01  0.02 mg/kg 

Sample No. Peak Area Concentration 
(mg/kg) 

%Recovery

1 67932 0.011 106.11 
2 65882 0.010 102.25 
3 65006 0.010 100.61 
4 65342 0.010 101.24 
5 65908 0.010 102.30 
6 64949 0.010 100.50 
7 64362 0.010 99.39 
8 65607 0.010 101.74 
9 64215 0.010 99.12 

10 71242 0.011 112.34 
11 53005 0.009 88.78 
12 54722 0.009 91.65 
13 71548 0.012 119.81 
14 67497 0.011 113.03 
15 71432 0.012 119.62 
16 58120 0.010 97.34 
17 71102 0.012 119.06 
18 60848 0.010 101.90 
19 60511 0.010 101.34 
20 70222 0.012 117.59 
21 110912 0.019 93.51 
22 109436 0.018 92.12 
23 116684 0.020 98.95 
24 103609 0.017 86.64 
25 110630 0.019 93.25 
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 14 ( )

Sample No. Peak Area Concentration 
(mg/kg) 

%Recovery

26 112766 0.019 95.26 
27 116783 0.020 99.04 
28 104515 0.017 87.49 
29 110471 0.019 93.10 
30 118057 0.020 100.24 
31 90228 0.015 75.54 
32 104530 0.018 87.50 
33 96044 0.016 80.40 
34 95403 0.016 79.87 
35 105072 0.018 87.96 
36 96433 0.016 80.73 
37 99975 0.017 83.69 
38 96002 0.016 80.37 
39 103714 0.017 86.82 
40 98564 0.017 82.51 

mean - 96.52 
SD - 11.65 

%CV - 12.08 
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5.

 15  16

 15

( ) (mg/kg) (%)

0 0.17 -

1 0.039 77.06 

2 0.005 97.06 

3 0.005 97.65 

4 0.003 98.24 

5 100

6 100

MRL  0.02 mg/kg 

 14 

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0 1 2 3 4 5 6

mg/kg

MRL
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 16

( ) (mg/kg) (%)

0 0.18 -

7 0.031 83.92

12 0.024 87.01

17 0.013 93.08

23 0.0073 96.01

30 0.0054 97.03

37  100 

42 100

MRL  0.02 mg/kg 

 15 

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 10 20 30 40

mg/kg

MRL
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 (  16)

 16 

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 7 14 21 28 35

MRL

mg/kg
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6.

6.1  12 

 9 MRL 3  (  17)

 17

1 0.01 mg/kg (MRL=0.02)

2

3

4

5

6

7

8

9

10

11  0.01 mg/kg (MRL=0.02)

12  0.018 mg/kg (MRL=0.02)

6.2

 0.02 mg/kg

 80.43-107.57 (  18)

 18

Peak area Concentration 
(mg/kg) 

%Recovery

68285 0.016 80.43 

69146 0.016 81.12 

80421 0.018 90.14 

84939 0.019 93.75 

101915 0.022 107.33 

102212 0.022 107.57 
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1. (Optimum condition)

HPLC

HPLC C18

15 cm 0.40 cm  5 m

UV/Visible  245 nm  fluorescence 

excitation 365 nm, emission 470 nm 

HPLC UV/Vis

(Poor sensitivity)

 1.0 mg/L  0.2 

mg/L derivertisation

HPLC

(Active ingredient) (Formulation)

 1.8% W/V  

 Fluorescence

 0.03 mg/L  0.03-2.0 

mg/L regression coefficient, r2= 0.9998

C18  15 cm 0.40 cm  5 

m sphere shape  mobile phase acetonitrile  10%

acetonitrile/water isocratic 97:3  1.5 

mL/min 20 L
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2. /

clean up 

clean up SPE  5 C-18,

aminopropyl, Alumina-B ,graphite carbon/aminopropylsiliga gel Silica gel 

SPE C-18  aminopropyl %recovery

85.19  84.13 (70-120%)

%RSD  0.19 (  5  6)

SPE C-18 matrix (Pigment) 

 SPE aminopropyl 

HPLC

 SPE C-18

SPE aminopropyl  SPE 

C-18 aminopropyl  1 SPE

clean up  1 

SPE Alumina-B, 

Silica gel graphite carbon/aminopropylsiliga gel

clean up %recovery  17.29 17.89  57.02 

3. (Limit of detection, LOD) 

 (Limit of quantification, LOQ)

 0.003 

mg/kg Wehner (1992) 

methanol C-8 C-8

aminopropyl methanol LOD  0.005 mg/kg LOD

Hicks (1992) LOD  0.002 mg/kg 

pectinase Pectin acetonitrile/water

C-8 acetonitrile hexane

clean up aminopropyl MRL

 0.01-0.02 mg/kg LOD

 0.003 mg/kg 
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(LOQ)  0.01 mg/kg 

 (2548) LOQ  0.005 mg/kg

LC-MS K. Yoshii et al., (2000) P. Satter 

Syngenta Crop Production Limited 

LOQ

4. (Accuracy)  (Precision) 

 40  0.01  0.02 mg/kg 

(Accuracy) (%Recovery)

 96.52  14 

(Repeatability)  0.01 mg/kg %CV

 3.86  0.02 mg/kg %CV  4.92 

(Reproducibility)  0.01 mg/kg %CV

 8.69  0.02 mg/kg %CV  8.61  10, 

11, 12  13 

 3 

GLP

5.

 0, 1, 2, 3, 4, 5  6 

 17 (  0 )

 0.17 mg/kg MRL Codex 17

 1-2  0 

 1  0.039 

mg/kg  4  (  77)  2 

 97  0.005 mg/kg MRL

 0.02 mg/kg  3  34  (  97) 

 2  4 

 4 0.003 mg/kg
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2  (  14) 

 5 

 0, 7, 12, 17, 23, 

30, 37  42  18 

(  0 )  0.18 mg/kg MRL

Codex 18  1-7 

 0  7 

 0.031 mg/kg  4  (  83) 

 7  30 

 30 0.0054 mg/kg

 3 

 37  15  14 

MRL

 7 

 2 

MRL  2 

 14  7 

 16 
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6.

 12 

 15 

 9  3 

 0.01, 0.01  0.018 mg/kg MRL

 0.02 mg/kg

 16 
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1.

HPLC  fluorescence excitation 365 nm, 

emission 470 nm C-18  15 cm 0.40 cm 

 5 m sphere shape  mobile phase acetonitrile  10%

acetonitrile/water isocratic 97:3  1.5 

mL/min 20 L

 2. clean up HPLC

SPE C-18 SPE

 3. (Limit of detection, LOD) 

 0.003 mg/kg  (Limit of 

quantification, LOQ)  0.01 mg/kg 

 4. (Accuracy)

96.52%  (Precision) %CV

(Repeatability)  3.86-4.92

(Reproducibility)  8.61- 8.69

 5. 

MRL  2  5 

 14 MRL

 7  37 
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 17 centrifuge tube :

5 centrifuge  50 mL

 18 :  15 

mL
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 19  1 

(Salting out) 

 20 Homogenizer 
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 21 centrifuge 

 6000 /  1 

 22  100 mL
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 23  clean up SPE manifold 

 24 SPE Cartridge 
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 25 SPE cartridge 

 26 clean up 
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 27 Nitrogen evaporator

 28 derivatization : 

trifluoroacetic anhydride 1-methylimidazole derivatized
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 29 HPLC/Fluorescence  
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       154,400 

       153,783

    662


