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Abstract recoveries were ranged from 74.3 to 95.0% with relative
standard deviations(RSDs) of less than 8%. All values were

BACKGROUND: Aclonifen is used as a systemic and consistent with the criteria ranges requested in the Codex

selective herbicide to control a wide spectrum broad-leaf guidelines(CAC/GL 40).

weeds by inhibition carotenoid biosynthesis, and then its CONCLUSION: The proposed analytical method was

MRLs(Maximum Residue Limits) will be determined in accurate, effective and sensitive for aclonifen determination

onion and garlic. In this study, a new official method was and it will be used to as an official method in Korea.

developed for aclonifen determination in agricultural

products to routinely inspect the violation of MRL as well Key words: Aclonifen, GC-ECD, Herbicide, Maximum

as to evaluate the terminal residue level. residue limits

METHODS AND RESULTS: Aclonifen was extracted

from crop samples with acetone and the extract was

partitioned with dichloromethane and then purified by M

silica solid phase extraction(SPE) cartridge. The purified - . ) B

samples were detected GC using an ECD detector. Limits of o= H(Aclonifen, 2—chl0r0-6—rutro—3—phe@xyarylme)

detection(LOD) was 0.001 mg/kg and quantification(LOQ) + 19831 Celamerck GmbH & Co. 4] /it Tlsdel

was 0.005 mg/kg, respectively. For validation purposes, Hl=7(diphenyl ether family) AlAl2A A=A £ 7k

recovery studies were carried out at three different ol Ee] AREE oAlstar f5as] wdel welshs

concentration levels (LOQ, 10xLOQ, 50xLOQ, n=5). The protoporphyrinogen oxidaseE #sislo] 2245 ek
U&= soko]tiKiline et al, 2011). o}F2U3S F2 1,
gk, dvleb), 95, 92, 555 59 A 27

=

*W A1 A A corresponding author): Moon-Tk Chang e }_ Hobs]7] el Agst, of W ofFm o] A=A
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B o A HCODEY, I,
QR AFF§/1E0] AFEA e W FH(EV)e]
A Axs, HAF, ARELF GO i&% BoE 01
mg/kg olete] AF5187)%0] A4so] SIEEU, 2005),
e 2014 2 vk e poe b
& FAFe] e, 7 420 HHF 9 okFzung QU
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A s o] AFe87E é’g% —iri‘léh"’_ St w2k
A 2 AeME Idlell f8EE sAkEel ARE T e
O}ﬁiqﬁ of st ‘&?ﬂ?ﬂrﬂlg‘ Sl AFsE71E 29
= g8t el
J&EEO]'O% I EY = AW sl
A GC-ECD, LC-MS/MSE ©]-g-3t 4% (Sicbalbi et al,
1997; Lagana et al, 2000; Reyes et al, 2011) 5©] Xl
Hou o] A= g ke FAlel A 4 3l
v Aol EE ofFR Ul st HAEAx10] 1elE
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o] AEA G AR BT FYEAE 2
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ks ofolnt AEF oA ofdlE 9 opEYEZS
FEEE ARGl nluisA, ZuAM, oAEFQES
FE3ta v1FA fjel HEFR e o] gsle] oo
vl gk &, 28 (florisil) & SHAR shs SR ARRE
a9 E Fet ZAPYS AH GC-ECD %+ HPLC-UVD
2 7)7)1RAE e E AAleka YItKMEDS, 2014). ©] 9z
= 483 _d‘ﬁC’ ARGl o, 24 i EEE A
F7F 23 AEERR ALF T AFE dEsAEE A
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ol ZUH(Table 1) EF3(99.6%)> Dr. Ehrenstofer
GmbH(Augsburg, Germany)At o4 7-9l3te] #A1=4=
ARG, A RS Aleko® AREE O}Aili(acetone) ‘:]a
22 F/](dlchlorome’chane) OWIE (acetonitrile), 3
*Hrmrhexane) 52 HPLC % _E’H Merck(Darmstadt,
Germany)°lx 7515} /‘FE’LO]-@D]— et AP ER(sodium
chloride)? 7 S HEH(sodium sulfate anhydrous)
& Wako(Osaka, Japan)Z*-E|, 22]7} SPE 7HE 2] A|(silica
SPE cartridge) Waters(Milford, MA, USA)Z5-E 7+
ik AAE =l AHTIE A Sls 3_’—7?(7‘]1 %)9}
1919 AR (), ol (AT BT A
ol fre EQ FE5oF S Tilete] v & Uy
B g7)el "o} 50T ol Ryt Ae] AR

Table 1. Chemical structure and physicochemical
characteristics of aclonifen

Property Content
JUPAC name 2-Chloro-6-nitro-3-phenoxyaniline
Classification Herbicide

Molecular formula CiHoCIN:05

Molecular weight 264.7

Melting point 81-82C

LogPo 437

1.6 x 102 20°C, mPa)

Water, 1.4 mg/L (20C); Acetone,

Vapor pressure

Solubility 730; Hexane, 4.5; Methanol, 50;
toluene, 390 (all in g/kg, 20C)
Cl
Structure

@O@NHZ
NO,
HEZ200| TX|

oFFZ Y EFE 20.8 mgS oME 20 mLel| g-3li5te]
1,000 pg/mLe EFYRE A2}y, o]F olECRE 3
A3te] 0.05, 0.1, 0.2, 0.5, 1.0, 2.0 % 5.0 ug/mL2] ZF%
NE Az AlxE BFAN T HFEGNEe BF Ay

2T
o] o} 4°C o RIste] Ado] AFEEIITH

O

FE
A3k AA 20 g (HFLFE AAFE F 1 kge =F
shof B3 20 g, AHFAF= o 1 kgs EFste] 1EAl
420 umE SRS IS = 20 g)oll oMIE 100 mLE
7Fste] 587t &0 % HAset § o] oAt Aol
HFauzuzle] FQlojdteta, obAllE 20 mLE AF Y &
715 Aojule] A7) oAde dagleh. Fwdhge] W AR
Ql oHE=9] A9 & 20 mLE WOl 3087t 5&38 & F&
skgich FHFE 500 mL §%5°] WA FE &4 THT
100 mL, F3}29 30 mL, HEEEE 100 mLE 7Ft
T 287 Agsla HERRHEES T4 SR ER &
ﬂr*lﬁ %%}211 A tE22re 50 mLE 7teto] §
o] & NkES & e Fste] 40C olske] 454
Z30th AW AAl(eREE) 2 A4S F7H 2
E AR AAE S8 vE opEYE"RE E3AT
4k 30 mLE 7arEel 7kt Alg8l § 250 mL 8%
o ool &71a vy ko ZIAI oREYEY
30 mLAo® 23] #H) FEsaL A w53Ielty Aad
AFEe 5 mLe] ko Agsstol AlESic

FIE2|X] I
6‘4_1'/& 10 mL= ﬂ/‘qﬂ/\lZ_ Ag)7) 7HE-R ] 9] Algh oﬂ 9
9 iiﬂ].]-]___ 2 9L ABES Wo & o= ?ﬂ],ﬂ-/lilﬂ

Erve 3t (80/20, v/v) 10 mLE Rojual, g4t/
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Sz ZHgr &3t (55/45, v/v) 10 mLE F=A1A vk
ANHHS 40T 0]’5 T8 el 7eksEskal ofAlE 2 mL
2 Agalste] AlPdEHoR ARSI

GC-ECD &M ZxAH

ofg Y] AL VA AdErHE I Z-AAE A HE T
(GC-ECD, Agilent GC model 6890A, Agilent, CA,
USA)E AHE3I9, w418 2§l DB-5(0.25 mm id. x
30 m, 0.25 um Agilent Technologles CA, USA), o]+
7FA(No) 2 1 mL/min, Y& 1 uLE split mode
(50:1)F o]-&-sto] E4sk3itt ?—?H £5E260C, HEY
25F 280C0o|%oH, 2E2EE 150CdAM HAAE +4
st 2 10CH 270C7H] 23k 5 1027 A8kl
(Table 2).

GC-MS EMZEA

AL AEY gRE fE VAT ErRE Y-
A7|(GC-MS, Agilent Technologies 5793MSD, Agilent,
CA, USA)E ol&sto] ARl #yS Fasiqle: 48 2
#L- DB-5MS capillary column (0.25 mm id. x 30 m,
0.25 um; Agilent Technologies CA, USA), ©l547F~
(He) 2 1 mL/min, 7%+ 1 uLZ splitless mode
£ olgsto] EAIE T 2%+ 260C, interface &
T 260CoIglom, RELEE 100C oA AAE Fst
1 10CHA 270C7HA] 5-&et & 1027 F-A80I A
217] 271 El(electron impact ionization, 70 eV)E ©|
gato] kg W9l 50-500 m/z8] A7 BEejA] Fold
ErpE TN A AFEYS IRIsta 7|9 EAols
AR, AAE olevks F4sh= SIM(selected ion
monitoring) FEZ A EIEGIT
Mol AT

At ofgEUgl FAHS A4 (linearity), HE3H)
(limit of detection, LOD) % “J&$HA|(limit of quantification,
LOQ), #|5-&(recovery), A@A’(reproducibility)ell thsl
frads Assielh 24 g1s flste] of2=yl
EFEN 0.05-5 pg/mLe] F% Helol st 27| 9=
WAG o] g3l ABAS AMstAT AeEM AL
(coefficient of correlation, r*)& T-8}3lth wdt 7AZsHA
o} ARAlE AZrRE TN AlS
ratio) 717} 3, 10 o)do® 8}0“1} %ﬁ‘ﬂﬂ 49 2 A
NS F7slr] flste] 2 A 2
opE ol FAe] Alzel }‘gi‘/]%i JJ_%%‘?H% A7t 5
AEt 3Ee TeRsith ﬂa]i.‘i% deFetA, dwFst
Al 108, FstA Q] 5000l dFels w== T C
 Z47te] % W ARl tiste] sRHR o R Faste] et
3} A EFH2Krelative standard deviation, RSD)E A
Kesd=g

Zm 9 o3

EH7I7IEM T =E

olF e EAjgo] 2647013 F7I%0] 1.6 x 107
mPa (20C)olH SEHE /= i ZAl5(Log Pow) 7t 4.37¢1 1]
24 3ER B2 7524 ECDe Aoz 7h8sh=
27 Y424, chlorine) A4 |(nitrate)E X813}
GC-ECDE AV71712 A3t Table 2). 418 2+
ofe] T2 =4l FUNA AR 7k d WS 2
DB-55 ARgsi3ion, ofgzye] 771 Aes
A8 EAsk= M EARHE Meldorg Ry
ol Z¥9] S &5 Fdsto] 79 7] 718 24
aoictk olnf o2z Y] HF-F AR
aFlCHFig. 2).

RIS e 2 m%

Table 2. Analytical conditions for the determination of
aclonifen residues

GC-ECD (Agilent 6890N, Agilent,

Instrument USA)
Column DB-5 (30 m x 250 um, 0.25 um)
Carrier gas N,, 1 mL/min

150C - 10C /min - 270C (10 min)
Injector temperature 260C

Oven temperature

Detector temperature 280C

Injection volume 1 uL
Split ratio 50:1
=5 2 YRITHO| =Y

B APl 1%, 78, oHEE F olFzUAY A7
FEPUS ) A AF 2 E 22 A
ot e 1 Fi2 A £ 180081 oPE o

Hlwapgleh Al g =
S HGlo, opESR F
L] o] w7 % /\lﬂﬂloﬂ 7&43
E4o] HHo}Xl kol l =8 =
74%11T%°—“‘° 124 0% %-E% xﬂlﬂa 1oH Elﬂiiuﬂ%%
oo S Agalon, X3AATE Hrtsto]
?3*4&4—3— %6}1 Wil ds AT B3 50% o]
SHetaL Qe APEA A1 oHEES - of
AECE 35 Al b Aol BAlel FE5] &
Fof|A] FolEo] WA He=dl o]9h 2 FA 9 H5A4 A
o] ZAE Sl %7}@9& Art/ SHHEVES TS
3tk 2evh 14} A S AR T FEHE o]H8)
AA Y] dF EES 238t 9loH, 7I7)1EA Al B 3k
A E7o] EASE SPE JIERIA S o]&-38t 23} AA 7
o] Q7% ik Zﬁﬂﬂrﬁ e fel RN HEgt 7t
EEVH slES L AFsGiEd Aggt FHEZA A
O ¥ ﬂ“["ﬁa R Z2A FtEZA Y] oF Ryl
gk E‘%HO] drFow oket Zlow Hol At 7HER

m Hm e
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A 221 AAle] AHgsIdty. G349 FAE el St/ o}
AE, Sat/oEd opdEHlolE, it/ tEFREde 90/10
(v/v), 70/30 (v/v) Z37t8] &vl Ao = PAas&S vl
SPolth. At/ ofHlE, At/ | opAElo]ES] 7§ 90/10
(v/v), 70/30 (v/v)9] 7t A o& A HES o A3 7}
EgAo] olZFZYdlo] F2¥ F vz gEuo] FA &)
2 ARG ofEsiARE, it/ tlER 2wk A9 70/30
(v/v)9] gulzAdeM s 29 & 15 mLE 7HS v =
7] 5 mLeM & oFEEY o] §55% %31, 10~15 mLel
A obEEY 105.7%7F 3lE] @it/ tEEEvErs &
2 AREShks o] Hrh avAcls ERlg 4 Qloith
(Table 3). WA A7t 7FERAE & A3 o] GA] 7HEZ]
A2 At IRz rers AR Ausiglon, g4z
79 HAgE sl fvle] SAEE TAHoE 233
A APE F7HE Atk @i/ tEZ 2 g (80/20,
v/v), @/ HER2He (75/25, v/v), dAH/ tjE2 2 g
(65/35, v/v), At/ tEZ 2 ek (60/40, v/v), A/ T
22uek (55/45, v/v) o7 AlRslkste] 7+ gujl Aol e
5 mL 4 4708 & ol A HAES 13sk A} 3
AHOEZ2WE (55/45 v/v) 10 mLoA 7 2 34
S5 B9y, I/ OZ2E9E (80/20, v/v) 10 mLE &
3 98 W gt M EARYE ol FRYAS 533
o= FAE F AT

Table 3. Comparisons of elution solvents for aclonifen
analysis using silica cartridge

Elution efficiency (%)
90:10 (v/v) 70:30 (v/v)

Elution solvent Fraction

rrHexane /acet 1 (loading 5 mL) - -
one
2 (5 mL) 84.5 93.4
3 (5 mL) 15.0 2.8
4 (5 mL) - -
5 (5 mL) - -
Total 99.5 96.2
fril:;(;rele/e&y 1 (loading 5 mL) - -
2 (5 mL) 86.2 94.6
3 (5 mL) 11.2 3.0
4 (5 mL) - -
5 (5 mL) - -
Total 974 97.6
fggzsglea/rlil(:h 1 (loading 5 mL) - -
2 (5 mL) - -
3 (5 mL) - 24.2
4 (5 mL) - 81.5
5 (5 mL) - -

Total - 105.7

Mgio]

A
J
ol

MEY R A

ol 29| AEl(Selectivity) S EEgo, FAa] A
5, 3FEE9S M 3E AR ARnEIRS AR
Hlwsto] Frkeqich FAE Alsel s A7 AR
S 9 Al wel $4e Ay, FAHE] AR F of
FEUAY 22 wFE AR 2 oud HEAE A
EFHA ot A F oFEEY 24 fldl SEE 2 A
o] w2 FElsd A8 g1 4 Atk ozl
] A (linearity)= 218171 9l8te] 0.05, 0.1, 0.2, 0.5,
1.0, 2.0 12|12 5 ug/mL 1 uLE F4sk] 228k A3 4
A7} 0999 o) Fo R 158 A4S Bt Table 4,
Fig. 1).

00— Correlation: 0.99995

T T T T T T
0 2 4

Amount[ng]

Fig.1. Calibration curve of aclonifen standard.

AEH |t FEEH

olgE U] AZIAE 717] ARRFETR AdelA A
) Z-211(S/N ratio) 301402 AAste] £41717]19] Ha
AZEZo] 0.01 ngell W& AEH= 0.001 mg/kgolSial,
JEFotAlE A% o) F31|(S/N ratio) 10 o302 A3}
0.005 mg/kgolt}. & FAM ] QA= EUCl 274
o]l HA AF3E71E 0.05 mg/kgel AHE wgkoz
2 A ] AR Aghet o]t Table 4).

eFstAl, eFetAle] 108, geFetAle] 508 <l 0.005,
0.059} 0.25 mg/kg®] Azl sr® 358 S 59
itk Bt 35ES IFoIA 92.3-95.0%, FrEolA
74.3-90.4%, oFETolA 76.9-89.8%°]9111, A9 8%
nvko 2 AFaE WAle] #3 CODEX 7Fo]=2}el(Codex
Alimentarius Commission, CAC/GL 40)2] Z-+5F &
A 7)o AEErs 21 4= 913l Table 4). GC-ECDE
ol gste] et 1F, M, o= F ofFEYd I4E
A2rE T3S Fig. 20 AASSICh
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"1 Standard (A)
c 75 10 125 15 175 20
(B)
I ..v_;_,___._._A_,_J.__rw.l_A——-ﬁ—Jv
" P B 75 10 125 1s 175 20
()
N 25 g 75 10 125 15 175 ES)
°°*1 Mandarin (D)
LP L ) RN TR | A
25 : 75 10 125 15 175 20
(E)
25 B 75 10 125 1= 175 20
Almond (F)
1001
? PG g 75 10 125 1t 175 20
(@)
200 Lj\x ia b i
1004
" 2% 5 75 10 125 15 175 20

Fig. 2. GC-ECD chromatograms of aclonifen in test crops. (A) 0.5 mg/kg standard, (B) pepper control, (C) fortified
pepper sample, (D) mandarin control, (E) fortified mandarin sample, (F) almond control, (G) fortified almond

sample.
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Table 4. LODs, LOQs, and recoveries of aclonifen in pepper, mandarin and almond

Crop Fortified concentration Ave.1RSD LOD LOQ
(mg/kg) (mg/kg) (mg/kg)
0.005 95.042.5
Pepper 0.05 94.5+0.9
0.25 92.3+2.4
0.005 74.342.5
Mandarin 0.05 90.4+1.6 0.001 0.005
0.25 84.7+8.0
0.005 76.942.4
Almond 0.05 89.8+4.8
0.25 79.342.4
GC-MSE o|&¢t 1=l olF SAolo® HAslom HE AR 15830
AA & oFFEYA AFIE el A #$l 50-500 Aot
m/z8 AWETOAN EFGNE Filoto] Fol2ARMETD
Ao} deF ~AAEYS I tHFig. 3). oFE=Y e 22t e <
%%2M%m+ﬁf%4mﬂ%ia¢4fﬂ4°W§
Zodx®ql, Y7t 2AEH= 1l slo] AALE B o] A= FAE F olgEYIe s 9% ¥
BApgoln], AR Balgo] 2649} 266°J ofgEydo] 7+ ANE FHEY] flstel wEklon 2o AE, A
7} 76%, 24%¢) W& w AT} o] F 2pedAe] o] EA ZsHAl 9 JFSHA, sl dist A5S Bk O}EEH
ok PQ1e ¥FE 264 m/zE Adete] AEedon g4 A FAA st OPEEWM

o ¥ClE Ql8to] wA¥sl= 266 m/z o] EAL) 264
m/z9}e] HlEE EIEkth Fig. 39 AgAZERe| 25}
A Aol (Mo 7P £ oo Yeht Waks gt
oA F2 Vel wlAlel] 95t 77 m/z3} ofF R Yo A]
Hsjol & g9l Aito] o] Z|AA el 183 m/zo] LR}

Abundance
40000
36000
25000
20000
15000
10000

5000

A L

X7171= GC-ECDE AH3F3l 1,
oME FE $ A7t 7IE" lE o]g-sto] AT 7H
e A SES 1FolA 92.3-95.0%, dEolA
74.3-90.4%, oHE=olA 76.7-89.8%ROH, B Q2= 8%
ojgtz FYA 7ho|=el (CAC/GL 40)°ll A 3sloitt. &

A)

' Y WRATIR RRPOTPT ) " o
, ! o o i ity L

Mptoien !

Time —
Abundance_
12000 1

10000 )
8000 - \rn
6000
40005 51

2000 §
O- ”m Ilu\‘\“‘. 1

1271

S 1
U gt |||“ Sllllle gl
T T T

Rasvari

1541

2.00 4.00 €.D0 S.00 10.00 1200 14.00 16.00 15.00 20.00 22.00 24.00 26.00

LT TS
(264a.01
’

~

- -

(B)

{1231 S
- 2121

22340

‘| 2810

mJ’Z—P [=1e] 20 100 120 140

T
160 130 200 220 240 260 280

Fig. 3. GC-MS total ion chromatogram of 1 mg/kg standard (A) and EI mass spectrum (B).
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st GC-MSE o] &3 A&l S T3l 2412 4F
FH3ITE webd B Ao Ag gl Aol

AR F olFR YT AFEA ] AgE = 9lS
2 e
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