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Abstract The multiresidue method 4.1.2.2 in Korea Food Code was extended for the analysis of 24
unregistered pesticide residues. The method includes acetonitrile extraction, liquid-liquid partition, Florisil
SPE clean-up and GC analysis. The limits of quantification (LOQ) range of the method was 0.02~0.05 mg/kg
for orange, brown rice and banana. The linearity for targeted pesticides were R?>0.99 at the level ranged
from 0.05 to 5 mg/L. Recovery test was performed at two concentration levels of LOQ and 4~10 times of
LOQ. Recoveries and relative standard deviations (RSDs) of target pesticides were acceptable, showing
70~120% range and less than 20%, respectively, except for ethiprole, picloram and sulcotrion. This method is
effectively applicable to routine analysis of target pesticides in orange, brown rice and banana.
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TOF 24%2] ¥FEL Dr. Ehrenstorfer GmbH (Germany),
Chem service (USA), Accustandard (USA)S] A&S A&
sttt Z4zke] Foke &38| =0l wel acetone?} acetonitrile
< ]88t 1,000 mg/Le stock solutiong ZA|S}3L £
I EEEFEY 10mgLEs wES] 0.05, 0.1, 0.25,
0.5, 1, 2.5, 5mg/L7} E|=5 acetone/n-hexane (20/80, v/v)
o 8]A43te] working solution &2 ARE-319S9™, GC A=

[ Crop sample 50g
[

[ Extraction

[ Liquid-liquid partition
|

COHE - BT . ZElH . R

PEIH O] peak HAS 7|E o2 7H7e] Hoo| tig 1%
AL 25T Ao ALEE acetone, acetonitrile,
n-hexane, sodium chloride 2 sodium sulfate= MerckA}
(Darmstadt, Germany)®] Z-F24-8 AloFS Tt ARE-
stom, HAo| Alg¥ Solid Phase Extraction (SPE)
cartridge= phenomenexAH(Torrance, CA)®| Strata Florisil
(500 mg, 6 mL) A& AHE-SFA T

X
(o

A

x| Wy

o] B3 A7 50 ol & 30mLE WL, 247 F83
A A4 AEE ARSI, B s 2ulA] E v Al
T 50 g& Fast 3 Qlo] Aol ARSIt ZH2e] Al
= 50 goll 100 mLe] acetonitriles 23] 7131l E35=
72 187 23 AlA 3027 300 rpmoll A AEFE
SIATE FEES §9HIAL NaCl 10 g& 7] oF 287

A E}S]

28T Acetonitriled S FTFMNEF SHAIA
298 § 20mLE F5te] 40°C olske] 874 1mL
A= {7t Fg W7k AFEEstal AL R shellA
A8 S, A3 g & AE-S 4mLe] acetone/n-hexane
(20/80, v») 2.2 A-&-3l5t] SPE-Florisil cartridge (500 mg)
2 AAsIA T} n-Hexane 5 mLS} acetone/n-hexane (20/80,
vh) 5mLZ 2438} A]71 SPE-Florisil cartridgeol acetone/
n-hexane (20/80, v»)O. 2 A|&3l g A5 4mLE 7}staL,
Al4:3A4] acetone/n-hexane (20/80, vA) SmLE SEA 7T}
SE4E Aa7R sollA FLAIZ] F acetone/n-hexane
(20/80, v/v) 2 mLE A|-&3li5te] GC/ECD % GC/NPDZE
A3 th(Fig. 1).

+ Add 100 mL of acetonitirile and shaking for 30 min
(add 30 mL of water in brown rice sample and let stand for 2hr)

« Filter the sample by suction

Aqueous phase

Acetonitrile phase |
I

Discard rown rice

Concentration |

[E

[ n-Hexane-acetonitrile partition |

SPE-Florisil (500mg) |

« Dissolve residue in 4 mL of 20% acetone/hexane(sample)
+ 5 mL of n-hexane, 4 mL of 20%acetone/hexane (pre-conditioning)
« Loading 4 mL of sample

and elution 5 mL of 20% acetone/hexane (x2, collect)

[ Concentration |

I « Dissolve residue in 2 mL of acetone

[ GC/ECD or GC/NPD |

[ GC/MS

|

Fig. 1. Scheme for multiresidue analysis in orange, brown rice and banana.



Table 1. physicochemical properties of selected pesticides.
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Pesticide Structure Use Substance group Pesticide Structure Use Substance group
Br [ (1R}-trans-ecld
- gt z—é— - H
Bromothalonil reTee y = fungicide galggepated Imiprothrin H g insecticide  pyrethroid
r. erivatives " . cHy—CmmcH
. i Fluoroalkyl
Bromuconazole u fungicide conazole Indaziflam N herbicide . Y
pe triazine
NO, ) N i
Bronopol “°—°“=—j—°“z—°l- microbiocide g::;‘i(‘)/r;[?\t/eane Penflufen e fungicide pyrazole
r : I Ty
. r”g .. cyclohexenone . ¢ ‘T'j\u - .o
Clefoxydim ) herbicide derivative Picloram m:g)\u herbicide ~ pyridine
e { ) 0‘0— u,c—c;"a on,. »
N o . o . . . S . .. .
Cyphenothrin Y 52’ Q insecticide ~ pyrethroid Prallethrin Y ?i; insecticide  pyrethroid
Q_f . N P/O—CH,—CH,—CH,
DEET 2 ln—cu,—cu, re;nesliecrits unclassified Propaphos cﬁs_O_°/ No—en—en—cn,  insecticide  organophosphate
¢l & - o Cli Cl
Dimethachlon | fungicide pyrrole Sulcotrione é(\d P herbicide Eenzoylgyclo-
~" o o exanedione
3. +
Ethiprole o insecticide ~ phenylpyrazole Sulfentrazone a herbicide triazolone
A st
i HyC,_ fHs 0
P | thiadiazolyl
Fenpiclonil oo fungicide  Pyrrole Tebuthiuron Hoc! YS>_N/°\N_CH, herbicide Y
. L urea
— —c/, hC—0_ S s O—CH. phenyl
Flumiclorac- e - . . A4 N .. .
o ) herbicide = Dicarboximide Temephos ho—o” e o No—cy, Insecticide  organothiophosp
pentyl Oié’ﬁi <0 pres
0\ ({1R)-trans-acid
- i P ol - . . QN ﬁ’; o :
Etlllll;lr oglycofen ’_fQ"\(IH e herbicide  Nitrophenyl ether | Transfluthrin =~ ~<{T.*, insecticide  pyrethroid
NO,
A O <:> LN <:> moulting
Hydramethylnon , insecticide  unclassified Yishijing H,c\(;“_'(H Insecticide  hormone
EBN i e agonists
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1. bronopol, 2. clefoxydim, 3. bromothalonil, 4. picloram, 5. transfluthrin, 6. dimethachlon, 7. prallthrin, 8 penflufen, 9. ethiprole, 10. fenpiclonil,
11. bromuconazole, 12. sulfentrazone, 13. fluoroglycofen-ethyl, 14. cyphenothrin, 15. sulcotrione, 16. hydramethylnon,
17. flumiclorac-pentyl, 18. temephos, 19. yishijing

NPD1 standard solution 1mg/L

1 |

10 15 20 28 30

1. bromothalonil, 2. tebuthiuron, 3. DEET, 4. dimethachlon, 5. imiprothrin, 6. fenpiclonil

pA

NPD2 standard solution 1mg/L

350 |
300 |
250 |
200 ]
150

100 |

10 15 20 25 30

—_

. propaphos, 2. fenflufen, 3. indaziflam

1.2
o As A A

NPD3 standard solution 1mg/L

10 15 20 25 30

1,2. bromuconazole

Fig. 2. Typical GC chromatograms of standard mixture solutions.



Analytical

ECD orange blank

method of pesticide residues in imported agricultural commodities

ECD orange spiked at 0.2 mg/kg

10

e - 1
) JJ_\_J\A e
e IJIH lialli ohdic b !
» ECD brown rice blank |~
) J J\_JL ..AL._A_MJA X |
s A o 91 § ot L J
5
: ECD banana blank ECD banana spiked at 0.2 mg/kg
13
v & " 0
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o - & b
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Fig. 3. GC/ECD chromatograms of orange, brown rice and banana extracts; blank (left) and spiked at 0.2 mg/kg (right).

L

NPD1 orange blanl

L

NPD1 orange spiked at 0.2 mg/kg

i
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3 = = = 3 - Py

NPD1 brown rice blank

D)

3 NPD1 brown rice spiked at 0.2 mg/kg

NPD1 banana blank

1
J.)\..,

NPD1 banana spiked at 0.2 mg/kg
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Fig. 4. GC/NPD group 1 chromatogram of orange, brown rice and banana extracts: blank (left) and spiked at 0.2 mg/kg (right).
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NPD2 orange blank

NPD2 orange spiked at 0.2 mg/kg

" - - s == T - B A N " A i A A
NPD2 brown rice blank | NPD2 brown rice spiked at 0.2 mg/kg
1
‘ TN L Al oy ol A
? NPD2 banana blank | “ % NPD2 banana spiked at 0.2 mg/kg
" 5 2 3
. i | A i [T A

= : = = = = Py -

% = 3 r

Fig. 5. GC/NPD group 2 chromatogram of orange, brown rice and banana extracts: blank (left) and spiked at 0.2 mg/kg (right).

NPD3 orange spiked at 0.2 mg/kg

NPD3 brown rice blal

NPD3 banana spiked at 0.2 mg/kg

Fig. 6. GC/NPD group 3 chromatogram of orange, brown rice and banana extracts: blank (left) and spiked at 0.2 mg/kg (right).
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Table 2. Pesticides groups categorized by detector types for multiresidue analysis

Instrument  Detector ~ Group Pesticide

Bronopol, bromothalonil*, bromuconazole*, clefoxydim, cyphenothrin, dimethachlon*,
ECD ECD 1 ethiprole, fenpiclonil*, flumiclorac-pentyl, fluoroglycofen-ethyl, hydramethylnon, penflufen*,
picloram, prallethrin, sulcotrione, sulfentrazone, temephos, transfluthrin, yishijing

GC NPD 1 Bromothalonil, DEET, dimethachlon, fenpiclonil, imiprothrin, tebuthiuron
NPD NPD 2  Indaziflam, penflufen, propaphos
NPD 3 Bromuconazole

* Analyzed by both ECD and NPD.

Table 3. Instrumental conditions of GC/ECD, GC/NPD and GC/MSD

GC/ECD GC/NPD GC/MSD
Column DB-5 (30 m x 0.25 mm, 0.25 pm)  DB-5 (30 m x 0.25 mm, 0.25 pm)  HP-5 (30 m x 0.25 mm, 0.25 pm)
Oven temp. 80°C (2 min)—5°C/min-2§0°C- 80°C (2 min)—SOC/min-2§0°C— 70°C (3 m@n)-20°C/min—180°C-
7°C/min-280°C (20 min) 7°C/min-280°C (20 min) 5°C/min-300°C (7 min)
Inlet temp. 250°C 250°C
Detector temp. 280°C 280°C 300°C
Carrier gas flow 1 mL/min (N,) 1 mL/min (N,) 0.8 mL/min (He)
Makeup gas 54 mL/min (N,) 3 mL/min (N,) -
Injection vol. 1 ul 1 uL 1 ul
Injection mode Split (20:1) Splitless Splitless
32 AE AZ71& Table 3o Uepor EAF WS 50~500 m/z
B AqoA] &gsl Fof thgERFEAN] g8 2 4 2 2703} Total ion chromatogram (TIC)o|A] 4-& 7} &
A

“JE-2] EI (Electron ionization) mass spectrumS Z5-E

S Hsatr] flsteo 5]-’?*% AP
5 I3 HAFEE LOQE intensityS 223} X% fragment ionS A4 3Tt

AlE 5000 717 AE %
ate] H7Rs=71 0.02 mg/kg 0.2
S AR o A7) Ay Oﬂ uhe} 3& AIPS ot Zdn g na
Atk 7171 AErt w2 s tlaixe HA HrksEE

0.04 mg/kg =5 0.05 mg/kgo 2 Aol A|Aa] ). M2 L 771 =H HE
EARS FYs] flsl |A AEF34e] Tt
GC 717|124 =d AT A2l AR =] = acetoneFEH ¥} acetonitrile
GCEAE S8l #F5 A7k, w0 =ejsietd 54 4 FEUS 7 Agste] R BAWHE gestaat
AE710 dig vl wek GCECD 1 283 GO ARl &8 o] g3t v AdS AAElt 35
NPD 37} 2502 w73t 48k th(Table 2). o= 7 Gl W 7t FoFe] FEEES Hlwa| S8 & 50
FEAE & o vrE AR ARoE I3 AR mLell ECD #4159 195 % NPD #45%F 1055 A
o] 2-S dUslaLA} retention time®] WIA|SIHA 2FolubALt &t acetone 2 acetonitrile Z=ZHLE o] &a) 3Fge T
AN ARG 39sle] BoF BAORS BRItk o stk 2 A3} Table 49} o] T FEW oA H|%3 34
FoFe] 498 UECD (“Ni micro-electron capture detector) 42 YER S acetoneFER ol v FE3go] £9]
9} NPD (nitrogen-phosphorous detector)’} “32Hl Agilent g acetonitrileFEHS TAH 283190 AAYHLS
7890 GC (USA)E A8, A48t B2 Table 3 OHA A|@Hbo] A3k nls} 7Ho]SPE cartridgeS ©]&-3
of Yehf2ict. BAHE A&ste] EANES Sk 3 2 AFo
H A3 rE Wl Bol7H ket =3 wike A8
GC/MSO| o8t BEMME M=ol AT B AMEe] Zpol2 HE] EAVE U T U
GC/ECD 3 GC/NPDE 23k 24l A28 7 B2 U2 3eed Uthlle 48% 348 Alddl 483t

A
2ol AYAS S8 GOMS| BH2AS SYsAch ¥ Ark



168 OIX[E - Jgud - 2ol - 2= -

Table 4. Recoveries of pesticides by two different extraction solvents from water samples (n=3)

. Fortification Recovery (Mean + SD", %)
Pesticide Detector —
(mg/kg) Acetonitrile Acetone
Bronopol ECD 0.1 95.1£8.6 341£11.5
. ECD 0.1 1089+ 124 89.8+1.3
Bromothalonil
NPD 0.1 21.5+26.4 31.6 £30.8
ECD 0.1 114.6 £ 6.6 96.4+2.1
Bromuconazole
NPD 0.1 1029+ 1.5 99.0+0.6
Clefoxydim ECD 0.1 41.2+149 ND?
Cyphenothrin ECD 0.1 93.6+3.4 85.0t£16.7
DEET NPD 0.1 17.6 £19.4 55.9+19.9
. ECD 0.1 872423 72.0+14.2
Dimethachlon
NPD 0.1 93.1+6.2 84.7+20.2
Ethiprole ECD 0.1 23.6+4.1 489+4.6
Fenpiclonil ECD 0.1 75.5+23 70.6 +15.1
Flumiclorac-pentyl ECD 0.1 1124+£1.5 85.5x15.1
Fluoroglycofen-ethyl ECD 0.1 96.7£2.6 78.1£8.1
Hydramethylnon ECD 0.1 534+ 164 684+9.6
Imiprothrin NPD 0.1 97.9+2.7 85.7t£4.6
Indaziflam NPD 0.1 1174+1.2 69.4+0.3
ECD 0.1 114+12 83+1.1
Penflufen
NPD 0.1 99.4+1.0 64.8+0.3
Picloram ECD 0.1 514+£32 512+14
Prallethrin ECD 0.1 73.5+10.6 78.5+17.9
Propaphos NPD 0.1 95.0£6.0 59.6£6.5
Sulcotrione ECD 0.1 138.1+1.0 40.7+5.7
Sulfentrazone ECD 0.1 444255 09+25.8
Tebuthiuron NPD 0.1 101.9+1.9 92.6 £ 11.1
Temephos ECD 0.1 1341 1.6 1143 £13.9
Transfluthrin ECD 0.1 86.6 +18.3 852 +6.8
Yishijing ECD 0.1 974+3.6 945+ 17.0
1) Standard deviations
2) Not detected
sitE & %9 s+ ¥ HESHA & UEIT EWAE] B9 70% W] 3eeS

% v‘f—’%ﬂxl 2 348 (ethlprole picloram,
sulcotrioney> - AF 2] GC/ECD #4] 2704 3]4&0]
U BAjo] Brbs sllom, AFIAE clefoxydimat
hydramethylnon, penflufen, yishijingS #9] 3+ Umx] A&
4 0.02 mg/kgeE YERSTE @A O] 5 70% o]k
£S5 UERd hydramethylnons} 120%2] 358 HAE
%33 sulfentrazones A| 93t 1452 A 3¢& HYE
YERH AL, vhute] 739 120%E éﬂ'ﬂ 33+ (bronopol,
penflufen, temephos)S A<]gk 13450] A4 348 W9

rlo
fr -
>,

(penﬂufen temephos)S A€ st 127d4&7k] A7 3|4&

A5 B3k dvA RS g LAY Bhup Alge] v
afl Aol BatetaL, A oR A8 7hsd el
A= ol dr7F =41 Bop B2 AEs SHrek
Slol TAHA EElago] BAE

.
ERd 2234 (clefoxydim, yishijing)Z 120%% =3¢t 243+
W

=4

]

Zhang -5, 2006).

NPD At sl ek w2k W 249 &4 23
FEFA] AL 0.05-5.0mg/L HLIA R*>0.99]
om, 3|58 AP A= Table 67 23%
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Table 5. Recoveries, RSDs and LOQs of pesticides by GC/ECD analysis (n=3)

169

Pesticide Fortification Recovery (RSD") % LOQ
(mg/kg) Orange Brown rice Banana (mg/kg)
0.02 89.9 87.4 163.0
Bronopol 9.9) 13.7) 7.1 0.02
0.2 103.5 71.9 1473
. 0.02 99.8 73.4 83
Bromothalonil 02 46 (20.5) §73 (12.2) 963 (10.4) 0.02
0.02 114.1 104.4 1114
Bromuconazole (10.3) (2.0) “4.2) 0.02
0.2 98.6 107.4 118.3
. 0.05 189.1 ND 109.4
Clefoxydim (22.4) 2.7) 0.05
0.2 111.9 67.3 109.3
. 0.02 106.2 70.3 922
Cyphenothrin 02 976 (5.9 842 (12.7) 978 4.1 0.02
. 0.02 84.7 93.6 80.5
Dimethachlon 02 0.4 6.1) 1042 (7.5) 85.8 4.5) 0.02
. 0.05 ND 57 354
Ethiprole 0.2 ND 34 (35.7) 59.9 (36.3) -
L 0.02 85.8 109.7 95.3
Fenpiclonil 9.3) (5.9 (3.0) 0.02
0.2 97.9 119.3 99.5
. 0.02 77.4 85.7 106.3
Flumiclorac-pentyl 02 1022 (19.5) 08.8 (10.0) 112 3.1 0.02
0.02 84.9 95.9 99.4
Fluoroglycofen-ethyl 02 03 (10.1) 917 3.1 107.2 (5.3) 0.02
0.05 ND ND 62.5
Hydramethylnon 02 4.4 ND 66.0 (20.8) 0.05
0.05 94.9 144.6 146.3
Penflufen (7.4) (7.9 2.1 0.05
0.2 105.5 161.9 150.9
. 0.02
Picloram 0.2 ND ND ND o0
. 0.02 89.9 71.9 84.4
Prallethrin (7.3) (6.9) (6.6) 0.02
0.2 100.5 79.3 92.7
. 0.02
Sulcotrione 02 ND ND ND 0
0.02 123.6 76.1 94.8
Sulfentrazone 02 147.4 (12.3) 95.3 (15.8) 105 (7.2) 0.02
0.02 147.8 165.9 168.4
Temephos (16.0) 4.1 (7.2) 0.02
0.2 117.6 156.5 151.9
. 0.02 82.6 79.2 88.8
Transfluthrin (21.2) 12.7) (18.2) 0.02
0.2 111.8 94.9 115.1
Yishiti 0.04 108.2 @17) 65.3 0.9) 84.1 (102) 0.04
ishijin . . . .
Jine 02 79.4 66.2 97.2
1) Relative standard deviations
2) Not detected
QA ] A4 HB|FEo] 71.2~116.0%2 UEHHS 117.9%%13, propaphos¥te] 0.02 mgkg F<EllA 120%=
propap g

indaziflamo] 0.02 mg/kgel 0.2 mgkg F=lA 70% ©]&} F3she AHE Bk v et 34E2 70.1~
o] 34782, propaphos7} 0.02 mg/kg S50l 120%S A 119.9% $137, indaziflam7te] 0.02 mg/kg F=ollA 120%=5

Soke s 2dh dvle A5 Hd sge] 882~ ASjshks AdE Bt
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Table 6. Recoveries, RSDs and LOQs of pesticides by GC/NPD analysis (n=3)

Grou Pesticide _ Fortifi cation Recovery (RSD") % LOQ
P (mg/kg) Orange Brown rice Banana (mg/kg)
. 0.02 103.9 117.9 117.0
Bromothalonil 02 1003 24 1124 (3.3) 121 (3.0 0.02
0.02 108.9 89.3 110.2
DEET 02 993 (6.5) 99.6 (7.6) 88.4 (15.4) 0.02
0.02 71.2 102.0 111.5
Dimethachl 10. 2. 12.1 .02
| imethachion 02 g7 UM 55 @) 039 12D 00
. . 0.02 106.0 88.2 105.8
Fenpiclonil 02 84.0 (16.3) 29.4 (1.0) 93.0 9.0) 0.02
. . 0.02 1154 89.3 119.9
Imiprothrin 02 957 (13.1) 114.8 (17.6) 1102 5.9) 0.02
0.02 105.6 104.7 105.2
Tebuthi 4. 4 4.1 .02
cbuthiuron 02 90 @ 0s4 O 9093 @D 0.0
0.02 40.9 99.7 131.2
Indazifl 16.3 6.2 13.4 0.02
ncazitam 02 st (109 or3 2 gs (139
0.02 107.1 115.3 99.6
2 Penflufen 02 105.5 (1.0) 96.9 (12.2) 115.0 (10.1) 0.02
0.02 150.7 121.7 97.2
P h 20. 19. . .02
ropapios 02 122 @00 o19 190 110.2 8 00
0.02 116.0 113.4 109.6
3 B 1 11.5 15.5 1.6 0.02
romuconazole 0.2 ogs 1Y) oo 159 1123 (16)
1) Relative standard deviations
Table 7. Fragment ions of selected pesticides for GC/MS confirmation
Pesticide Retention time (min) Mw?Y Fragment monitored (#1/2)
Bromothalonil 6.2 265 66, 106,236
Bromuconazole 22.9, 23.6 377 173, 295, 145
Bronopol ND?
Clefoxydim 9.6 466 128, 186, 155
Cyphenothrin 25.9 375 123, 181, 375
DEET 10.6 191 119, 91,190
Dimethachlon 16.0 243 243,187, 124
Fenpiclonil 22.5 237 236,201, 174
Flumiclorac-pentyl 31.5 423 423,308,318
Fluoroglycofen-ethyl 254 447 344,223, 447
Hydramethylnon 314 494 297,282,493
Imiprothrin 20.6 318 123,, 151,318
Indaziflam 23.1 301 286, 158, 301
Penflufen 204 317 141,274, 317
Prallethrin 17.4 300 123, 105, 300
Propaphos 17.6 364 220,304, 140
Sulfentrazone ND
Tebuthiuron 21.1 228 156,171, 121
Temephos 34.6 466 466, 125, 341
Transfluthrin 14.5 371 163, 127, 335
Yishijing 20.5 296 105, 240, 77
1) Molecular weight

2) Not detected
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Fig. 7. Mass spectra of 19 pesticides.

1. bromothalonil, 2. bromuconazole, 3. clefoxydim, 4. cyphenothrin, 5. DEET, 6. dimethachlon, 7. fenpiclonil, 8. flumiclorac-pentyl,
9. fluoroglycofen-ethyl, 10. hydramethylnon, 11. imiprothrin, 12. indaziflam, 13. penflufen, 14. prallethrin, 15. propaphos, 16.
tebuthiuron, 17. temephos, 18. transfluthrin, 19. yishijing
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