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Abstract co-extractives in the aqueous phase. For the hulled rice and

soybean samples, n-hexane/acetonitrile partition was
BACKGROUND: This experiment was conducted to additionally employed to remove non-polar lipids. The
establish a simultaneous analysis method for 7 kinds of extract was finally purified by optimized Florisil column
herbicides in 3 different classes having similar physicochemical chromatography. The analytes were separated and
property as diphenyl ether(bifenox and oxyfluorfen), quantitated by GLC with ECD using a DB-1 capillary
dinitroaniline (ethalfluralin and trifluralin), and chloroacetamide column. Accuracy and precision of the proposed method

(metolachlor, pretilachlor, and thenylchlor) in crops using was validated by the recovery experiment on every crop
GC-ECD/MS. samples fortified with bifenox, ethalfluralin, metolachlor,
METHODS AND RESULTS: All the 7 pesticide residues oxyfluorfen, pretilachlor, thenylchlor, and trifluralin at 3
were extracted with acetone from representative samples of concentration levels per crop in each triplication.
five raw products which comprised apple, green pepper, CONCLUSION: Mean recoveries of the 7 pesticide
Kimchi cabbage, hulled rice and soybean. The extract was residues ranged from 75.7 to 114.8% in five representative
diluted with saline water and directly partitioned into agricultural commodities. The coefficients of variation
n-hexane/dichloromethane(80/20, v/v) to remove polar were all less than 10%, irrespective of sample types and
fortification levels. Limit of quantitation (LOQ) of the
*Corresponding author: Myoung Gun Choung analytes were 0.004 (etahlfluralin and trifluralin), 0.008
Phone: +82-33-540-3321; Fax: +82-33-540-3329; (metolachlor and pretilachlor), 0.006 (thenylchlor), 0.002
E-mail: cmg7004@kangwon.ac.kr (oxyfluorfen), and 0.02 (bifenox) mg/kg as verified by the
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recovery experiment. A confirmatory technique using Al ok Fehetar 253 Aisek 2 e o
GC/MS with selected-ion monitoring was also provided to o] FQ3jr}
clearly identify the suspected residues. Therefore, this HZ obd FARES] g 4l G55 98l AR ARSk
analytical method was reproducible and sensitive enough to 7EsAo] 9l= thekst ok ta)] 2 o] 43E 1 Q)
determine the residues of bifenox, ethalfluralin, metolachlor, o o] A% tEEsoAE BAMS Aasle] E4 ok
oxyfluorfen, pretilac'h.lor, thenylchlor, and trifluralin in o] AEA 452 TUEE 311, o]F A% 5okl st
agricultural commodities. FUs PAH BAg Fol AR AFo] s
T4 A TR BAEN 0 AR B el Fod @
Key words: Chloroacete'lmide, Dinitroaniline, Diphenyl Aoz f== 24 9k
ether, GC-ECD/MS, Residues B ATE S AF T £3589 e ety
N o= A AHE121) 2 AHE122)0 FEE AzA
1 & QI 5 QA A T 2419 B4 A Belso] A
AR A A HeElE W 222 wsly] 98k ok i, A A Aol Bk Iv A HE719] HA st mH
AMgERe mid Z7lele] AR Z gisoke] o8t EAJE shtha #E] o] == dinitroaniline”ll #1%A] ethalfluralin
2 93] gt 7lsAo] N & 07 A7) o] gom, o]o wh 4 trifluralin /34, chloroacetamide”] #3411 metolachlor,
2} AL oAl st} Avke ALEA BAlR Fda pretilachlor ¥ thenylchlor ‘3% diphenyl ether”| #|
9IthPark and Lee, 2003). @A =) ALgE3 9l soF A bifenox B oxyfluorfens sk =jghers 54
o] 79 Qi 274 oS Agletus AE T A7) o] o] frAKt AZA A 75 tidt s BAWE SRleta
% AFEE BA0] Qo] A% 3k AR Axere] 2 A SH3ItFig. 1)
e 7leAdo] Qlong A FAEERE 9 ok S olF 7% WY sk ¢, 71 9 Y E Fal AEA
= HkEA] o)Foj Ao} & FAo]n(Kwon and Lee, 2003), 2 Folop| S, AEuS shste] FiHdS Al
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Fig. 1. Chemical structures of bifenox, ethalfluralin, metolachlor, oxyfluorfen, pretilachlor, thenylchlor, and trifluralin.
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o W5 B el FEo] wololA) 2488 FowM A
2835 W3k Ao Hu¥d §tiHutson, 1998;
Canadian Council of Ministers of the Environment,
1999; European Food Safety Authority, 2007; Jursik ef
al, 2011).

W sk AobAE, wige] W =9] & Shelito]Eel
o= HxAIA B o], = Alxe] wWol ARgshA
F, eol, WE, 3u, sjuiely, BF, kst 2%, S

7, AR AR, AR 9 S e AR Al
AZE FHHA AR It Hutson, 1998; Canadian
Council of Ministers of the Environment, 1999; Judge
et al, 2003; European Food Safety Authority, 2007;
Dharumarajan et al, 2008; Dow, 2010; Jursik et al,
2011).

el S5, diF, g, 1, B3, v, A, S
of, 2, &k}, %, A, 3, ol T il TheFe Ak
o wig sk 7FY  sekRel87]E(Maximum
Residue Limits; MRL)<> 0.05~1.0 mg/kg W= 427 ¥|o]
% THMinistry of Food and Drug Safety, 2018).

370 T 32 Bifenox[methyl 5-(24-dichlorophenoxy)
-2-nitrobenzoate], oxyfluorfen(2- chloro-o,a,a-trifluoro-p-tolyl
3-ethoxy-4-nitrophenyl ether), ethalfluralin[N-ethyl-a,a,
a-trifluoro-N-(2-methylallyl)-2,6-dinitro-p-toluidine],
trifluralin(a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl-
p-toluidine), metolachlor[2-chloro-N-(6-ethyl-o-tolyl)-N-
[(1R-S)-2-metho-xy-1-methylethyl]acetamide], pretilachlor
[2-chloro-2',6'-diethyl-N-(2-propoxyethyl)acetanilide] %!
thenylchlor[2-chloro-N-(3-methoxy-2-thenyl)-2',6'-
dimethylacetanilide]?] &e]3teHy S4S Avnd, i
EF 7EE B QA 23OA sfelekA o o e
% poctanol/water AT (Log Pow) 3.4~5.3 919
T E2 WS ARelth T71%¢] 0.028~12 mPa HSl®
GLC(Gas-liquid chromatography) #4]o] 7Fsdt S35t
3ol 9lem, metolachlor(480 mg/L; EC, 2004)E Al
oIgh o s Eoll tigh &8 0.1~1.0 mg/LE &
THoR Fol Z A okARt ket {7 EvlE & e
E/do] Qlti(United States Environmental Protection
Agency, 1995; Lee, 2003; World Health Organization,
2003; European Food Safety Authority, 2007).

DinitroanilineZd] A|Z#]2] ethalfluralin ¥ trifluralin®]
A2 GC-MS(Gas chromatography-mass spectrometry)
4 LC-MS/MS(liquid chromatography-tandem mass
spectrometry) = ©]-8-3 #4{0] B v} 3] O 1iShackelford
et al, 2000; Lerch et al, 2003; Raina and Hall, 2008),
ol W] BT T4 2 SPE(Solid phase extraction)
AR Agoz Qs At AFde] B 7t )
11, chloroacetamide ] #|Z412] metolachlor, pretilachlor
thenylchlor %8t SPE HA] & GC-MS ¥ LC/MS/MS=E
A% vk Q1o KYokley et al, 2002; Li, 2004; Yun ef al,

2009; Kim et al, 2010), A3 17" A= monitoring ]
BHoz B Hug AoT spagE ot $4xd U
3l AEEA itk s diphenyl etherAl #1541
bifenox % oxyfluorfen<> QUEChERS(Quick, Easy, Cheap,
Effective, Rugged and Safe)'ll & UPLC-MS/MSE #]£-
S o E X (Mastovska et al, 2010)5¢] H1E u} 3l
o AA FES A8 A EAxd g9 Y s
< AR vk glon, A7) 71ed WeAE & e o
5 750l gk 224 AL FARAUS A B
¥ b glek

weba 2 AeM s =eslets SAo] fAReE
dinitroanilines] #|ZAIQ! ethalfluralin ¥ trifluralin
i, chloroacetamideZl] #|3A4[Q1 metolachlor, pretilachlor
4 thenylchlor "3+ diphenyl ether”] #%4]?] bifenox
4 oxyfluorfens ¥3Fsh= 752t skl sl 7
5 dsh= monitoring®] ol A4 ¢kal, e 2
el strg Al A A A4S fdstaat st

o, AR ZAIE BIEE BE 0] T8 S8 HolA
GRE A2 AGE A AFEANS FRete] =

5o ) 712 AR AFSLA Sk

R ooy

_Oliﬁ o

o)

Algf & 7|2

B Ao AREE bifenox, ethalfluralin, metolachlor,
oxyfluorfen, pretilachlor, thenylchlor ¥ trifluralin <=
T 97.7% ode] #4184 EFFES Sigma-Aldrich(USA) =
FE ]It ARSIt ¥FEY stock  solution
rrhexanes]] %501 500 mg/Le] 5% ZA5 0] 201C 9] 1
FarollA B#star, A2 A vt} nhexane S & 3]45ko] AL
231t} Florisil (60~100 mesh)2 J. T. Baker (USA)ALZ
- F9Jste] 130 Collx] skt o) 7Hy, B slato] ARE-
SFt) Acetone, nrhexane, dichloromethane % acetonitrile
S WFEHELS, deionized waters HPLCES . T.
Baker (USA)AtellA F-4late] ARgatgion, 71gk 718l
Ul R7IA ek AJekE s A S-S AMSISItE Al
499 5% Eyela NE- 1000SW (Japan)E AMH-31911L,
s ARG vh 9 ks 11 SEAUO]A(IKA,
Ultra-Turrax T-25, USA)E ©]-&33ith

U 5F &73]87|F(Ministry of Food and Drug
Safety, 2018) < bifenox, ethalfluralin, metolachlor,
oxyfluorfen, pretilachlor, thenylchlor 9 trifluralin®] A}
go] TEEOGE dF wAES BAYYoR §iglor,
Codexd] A9 dld Ui FAHET(Codex, 2003)7}
U AE AN klste] SRe v, FRe F Ak
o 2 3o, AlRolM= AR diEA R st
At Zh A RS sk AlEE A tFRkEC A
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Table 1. GC-ECD operating parameters for the analysis of 7 kinds of herbicides

Instrument Agilent 6890 GC
Detector ®Nji - electron capture detector (ECD)
Column DB-1 capillary column (0.53 mm i.d.<30 m, 0.50 um film thickness)
Column oven : programming
Rate 1 : from 140C to 240C at 4C /min
Temp. Rate 2 : from 240C to 280C (3 min) at 10°C /min

Gas flow rate
Detector purge :

Sample size 1 ul

Injection mode Splitless

Post run : 140C for 8 min
Detector : 300°C, Injector : 250C
Carrier : N 10 mL/min, Make up : N, 55 mL/min
Nz 5.5 mL/min

Table 2. GC/MS operating parameters for the confirmation of 7 kinds of herbicides

Instrument Agilent 6890/5975 GC/MSD
Column HP-IMS capillary column (0.25 mm i.d.X50 m, 0.25 um film thickness)
Column oven : programming
Rate 1 : from 80C to 220C (3 min) at 10C /min
Temp. Rate 2 : from 220C to 240C at 3'C /min

Rate 3
Injector : 260C

Gas flow rate
Sample size 1 uL
Injection mode
Ionization

Mass range (m/z) 50 ~ 500

Split, ratio 30 : 1

Electron ionization (EI), 70 eV

: from 240C to 280C (15 min) at 20C /min

Carrier : He 2.0 mL/min

71 ASAEE FYT * AETd A FAA A=
(Ministry of Food and Drug Safety, 2012)°l w2} 4
glate] ARSIt 2 AlEe sk HARE s

7ok ARge sk

GC—-ECD/MS 7|7|2M =

B4 A EQl bifenox, ethalfluralin, metolachlor,
oxyfluorfen, pretilachlor, thenylchlor 9 trifluralin A&
& AR Yol 27 33E S8 7t VE ELTrOb—
%] GC-ECD (Gas chromatography-electron capture
detector)E ©|g-st 1% F40] 7lssttt. ECDE 42t
3 GCi= Agilent (USA) 68902 ©]-43k%la1, W7ol 0.53
mm¢<! capillary columns AHg-3te] A48T A7)
gl fsk GC/MS 4ol Agilent (USA) 6890/
5975 GC/MSD& AHg-8t3lom, 7}7e] ApAsh 45718
Table 17} Table 2¢ JERSITE

HEZAZM U 2EMH2ESH|(Limit of quantitation, LOQ)

okl 759 %A bifenox, ethalfluralin, metolachlor,
oxyfluorfen, pretilachlor, thenylchlor % trifluralin®]
stock solutions 2]4lste] J#HEE 0.005~0.5 mg/Le

=3 x 1
GC-ECDell 438t 4% peaks] WAS 7| oRE AT
AN S A4 o}OﬂE}

Err) HEE ey

BA71719) AskA ek f\li%k ‘;1 T 5o sEES
AXYste] ofe o] AtAell ol AFESI oW (Ahn et al,
2014), 7Y FFo2 st 753 A3t S5 AlFl
2 AR

ZFA(LOQ, mg/kg)=["17] *%
F8H(mL)/ A EHg)]

JF A (ng) / U ZHu

54
dAn) AR AE 3= d 20 mLY SFTE 7]'6} 301‘%
7+ BAske] wlg] F83) ) sRAYe|A Aol 283 11
%nkf(12,000 rpm) FEULE FEES BA|(Toyo
No. 6, Japan)7} &2} Biichner funnel 7ol o &}l
A 8 sgEAYelA & o7 acetone 40 mLE 4o
kA 9] ofFallzm) Fegitt 3l FEAE 1 L 839 99
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Foll %7131 Z8pA A4 50 mLsh S 450 mLE 7k
rrhexane/dichloromethane Z394(80/20, v/v) 100 mL%Z
) FE3191.01, X H nhexane/dichloromethane
(80/20, v/v) TR Fd 7 sodium sulfate®l] FZHA]
A G $ 40C oA 718t 55, dausigick 3 9 dvls
A 2e AlFEe FFES mhexane 10 mLol A-gdf5ke]
Florisil &2 AZrETeju]o] 24 FA8ISIth 3 4 &n
Aze] AS AFES vE acetonitriles XESAZ -
hexane 40 mLe] A&318t] 250 mL §32] o] Fof
%7131 72] n-hexanes E3FAIZ] acetonitrile 40 mLE 2
3] Hu) F=319k #21 acetonitrile &S 40T 9|4
et w5, darskal 2HiES n-hexane 10 mLol| A-&-3lfs}
o] Florisil S AZv}E 1)) FA8Hch

Florisil E2t3 20E 21|

Wa 15 em, Zo] 40 ecm® =2 A
Florisil 10 g& 714 4% %, 3 g9] ¥ PIUEFS 1
Sl H7ksksink. ZHell mrhexane 50 mLE 71sho] Adatol]
2% nhexaneol "W AEE FEAA HY F o
hexane 10 mLell 591 Al £9& 7}8to] oF 3 mL/min
o] §H0Z FEAHY THA xWo]l =EH7] Ad n
hexane/dichloromethane Z%-24(90/10, v/v) 150 mL
£ 83214 W3 T A*}F nhexane/dichloromethane <
or8-o(60/40, v/v) 150 mLE SZFA|A ethalfluralin %
trifluraling 857513117, 914311 150 mL2] dichloromethane/
mrhexane/acetonitrile  £3-8-%(50/49.5/0.5, v/v/v)=
$EMNA oxyfluorfen 9 bifenoxs 3575k, A3
dichloromethane/n-hexane/acetonitrile 2%-&%(50/
46/4, v/v/v)e &EA7 metolachlor, pretilachlor %
thenylchlorE 3]5af3lth. 2428 4vE0] 29 #d&
S 40TC oM 7t 5= Ayt FHFES nhexane 10
mLe] A-&3lsted GC-ECDE #4353tk

o ¥
o2
_O|L
32
i)
dy

d
£y
<
N
=
=
-0
off

o

[4
.

1]
>
il

GC—ECD EM=719| =t

GC-ECDE ol§3t 7% AlzAl 4% HA
column= A13E7] 918k] column =% w2
ARSI Columnel] 5-%1% phenylsiloxane/methylsiloxane
PR S4s Eelslo] Eifea FARE A, methylsiloxane

°] 50% T A9 ] DB-17 capillary column®lX&

DB-1

Trifluralin
Oxyfluorfen

Pretilachior

\
\
% Thenylchlor
|
L
> Bifenox
’
|
|
|
|
LS
1
\
1
\
Y
)
{

|
‘L} Metolachior

DB-5

8
— Metolachior
]> Pretilachior
? Oxyfluorfen
\
4 Thenyichior
™ Bifenox

o S S ) N

B

0 Ethalfluralin + Trifluralin

Oxyfluorfen

A\

= Pretilachlor
\
i Thenylchior

\

“5 Metolachlor

Fig. 2. GC-ECD chromatograms of 7 kinds of herbicides
using typical capillary columns(l pL of 0.05 mg/L in
n-hexane, respectively).

oven &%E HIES GC-ECDY EE #44E WA
T -5k 5 ethalfluralind} trifluralin®] 2] A] =
FFE YERAITE ¥HH methylsiloxane©] ZHt 100% 4L
95% $Hxlo] DB-17 tiy] 8]=7d¢] 545 Yehdl= DB-1
4 DB-5 capillary columnelX+ B Aol & 7Fse
oA Ee7t 7hsetsl o, DB-1 capillary column©]
A e 9 s "ol 7P e s el
(Fig. 2). webA] ¥ A2 thiddi]l 78 AlzAl 4] &
A #4148 column<> DB-1 capillary column©.% 417313}
o, Table 19] GC-ECD #Ax00% it soks 4
Al ZF A 5-0] MEE A7 ethalfluralin 5.1%, trifluralin 5.4
1, metolachlor 10.2+%, pretilachlor 14.13%, oxyfluorfen 14.5
i, thenylchlor 17.3% 4 bifenox 19.6%-2 UERASI
A71719] FALOQ) = AZrEIF ] 4] A 4l
FAo] o] FAANE FAEE Qe dAsEEA,
ARvETR Adeld HEE peak® S/N(signal/noise)2]
H7F 10 o] Uehle A3 5E gv|stKFong et
al, 1999; Miller, 2005). Table 12 GC-ECD #4] Z7ojA]
st 758 B8-S FA st S/NHIE Ak A
74 AR 7171 BESAI(S/N=10)= bifenox 0.05 ng,
ethalfluralin 0.01 ng, metolachlor 0.02 ng, oxyfluorfen



Simultaneous Pesticide Analysis Method for Agricultural Commodities Using GC-ECD/MS 109

Table 3. Comparison on retention time, calibration curve and instrumental LOQ for 7 kinds of herbicides

Compound Retenti(?n time Calibration curve ) Instrumental LOQ
(min) (0.005~0.5 mg/kg) (mg/kg)
Etahlfluralin 5.183 y=10,043x+152.24 0.9983** 0.01
Trifluralin 5.461 y=10,866x+157.24 0.9988** 0.01
Metolachlor 10.208 y=2,309.3x+23.447 0.9994** 0.02
Pretilachlor 14.139 y=2,375.5x+17.459 0.9991** 0.02
Oxyfluorfen 14.530 y=13,104x+112.52 0.9994** 0.005
Thenylchlor 17.350 y=1,595.9x+0.6961 0.9999** 0.015
Bifenox 19.614 y=4,640.5x-71.146 0.9979** 0.05

Table 4. Efficiency of liquid-liquid partition of crude extract by different solvents for 7 kinds of herbicides

Recovery ratio (%)"

Compound o 2) o o e
Partition I Partition II PartitionII PartitionIV
Etahlfluralin 94.1+04 94.0+0.8 90.1+0.7 78.5+0.5
Trifluralin 93.7+0.2 93.3+1.2 90.6+0.9 82.1+0.2
Oxyfluorfen 97.4+0.7 98.5+0.7 100.3+0.4 101.4+0.4
Bifenox 99.1+0.9 98.3+0.7 104.8+0.3 105.6+0.7
Metolachlor 85.6+0.2 90.4+1.0 92.0+0.7 91.6+0.3
Pretilachlor 94.7+0.4 96.0+0.5 96.2+1.1 96.0+0.4
Thenylchlor 91.5+0.6 100.2+0.4 102.1+£0.5 102.2+0.6

Y Mean values of triplicate samples.
? Partition mixture :

150 mL acetone+50 mL saturated NaCl+450 mL distilled water.

I, 100 mL mhexane, II, 100 mL n-hexane/dichloromethane(80/20, v/v),
I, 100 mL n-hexane/dichloromethane (20/80, v/v), IV, 50 mL dichloromethane(’<2 times).

0.005 ng, pretilachlor 0.02 ng, thenylchlor 0.015 ng ¥
trifluralin 0.01 ng % °©|3{ch

sk, dPdEer 759 w5 ETEE9(0.005~05 mg/L)
1 uLE GC-ECDel 9, 48t 2 HaAel 3947
2L B st A3 YERYSICH(Table 3), BE &
Aol dg 871457+ B=0.998* ooz e 4
ol AN FF WA A7 T JIFFE vl

2 AEshe ol Zhssin

2o @y
o ox d

Mz =& A 2ol &

FhHE NIRRT 78 AxA s FEs] s &
2 acetoneS ARESIITE AcetoneS UTROFSF woko] &
-

of HAAO R AR A SujEH o]n]
of oJate] FoF FEoll 1 A& AAo) <l

A FEAoRRE it AEEd W &Y
s 13 o' AAS] 9l Ao R -
RS Atk &, 849 7180 FEAS o]
S ATel SRR SAst § A4 HlSA SR )
Zohs WS ARl ol US FDARCIY AOAC
HollA F7~n57 Fok Aol diste] R o R AT
m, HARE FE99 F5YE Ak 5 e Zol 9

we ATAE
A9 1} 9)

pu

-

12 oyo

A
ot AHE oE

THAOAC, 2000; Lee ef al, 2008).

ofl_ol Byl o] Bl 2= nhexane, 252 nhexane/
dichloromethane &3} dichloromethane & 452 34
(Lee et al, 2011), i’ AEE2 Hulass ARSI
(Table 4). - Fajxgde] W EHjEass Ak A}
rrhexane €9 100 mLZ 338191 W] tidset 759 3
TFEL 85.6~99.1% F=0|0oH, o] w] metolachlor?] 3]
TE0] 85.6%% Uha W BEs HEhfo] AlgtecloR
= Sltk nhexane/dichloromethane £3H4(80/20, v/v)
100 mLZ FEeRs W oidsok 759 3582 904
~100.2%% metolachlor?] 3|&0°] 90.4%= WIE= o
A4S YeRdgleH, mrhexane/dichloromethane Z3oH
(20/80, v/v) 100 mL &% 4 dichloromethane 50 mL% 2
3] WHESHe] £33199S ull metolachlord] 3452 92%
F0 7 Ao Aoz FAJo] Y2 ethalfluralin
4 trifluralin®] 3|78 dA8] fasks FE UERS]
o} T3k HEujgul = dichloromethanel H]-&©0] 5713k
whet FARE i 54 249 v £ AN EY, s
oF 7590 AA -E&S dHE u, 7P a&4olet I
Hi= 2Eevs 21 09 nhexane/dichloromethane
S&a(80/20, v/v) 100 mLE &g AAJs= Fo] 7
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Table 5. Efficiency of n-hexane/acetonitrile partition for 7
kinds of herbicides

Recovery ratio(%)"

Compound — 2 —
Partition [ Partition II
Etahlfluralin 89.8+0.7 88.0+1.0
Trifluralin 90.5+0.4 89.5+0.7
Oxyfluorfen 97.3+0.3 97.6+0.4
Bifenox 99.2+0.8 102.1+0.3
Metolachlor 94.7+0.4 94.8+0.8
Pretilachlor 97.2+0.7 97.5+0.5
Thenylchlor 101.4+0.3 102.9+0.9

U Mean values of triplicate samples.

? Partition mixture : 40 mL nhexane saturated with
acetonitrile.
I, 40 mL acetonitrile saturated with rrhexane(*<2 times),
II, 40 mL acetonitrile saturated with rhexane(’<3 times).
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Florisil &t 20 E 729§ §ulje] vhekst =4 2ds
o] gste] tidEet 759 3-ES AR A9 nhexane/
dichloromethane &%°1(90/10, v/v) 150 mL% pre-washing
st &, 150 mL2] n-hexane/dichloromethane <3+%(60/
40, v/v) o2 %3 7$ ethalfluralin® trifluralin®] 2t
7t 92.5% Bl 91.9%= S&HNor, AFsle] FUt 2H
o 150 mL2] dichloromethane/+hexane/acetonitrile

ol

Table 6. Elution profile of 7 kinds of herbicides on Florisil column chromatography

Recovery ratio (%)"

Compound Solvent (50 mL*<3 times)
90 : 107 60 : 407 50 : 495 : 0.5” 50 : 46 : 47

Etahlfluralin 0.0 92.5 0.0 0.0
Trifluralin 0.0 91.9 0.0 0.0
Oxyfluorfen 0.0 0.0 92.0 0.0

Bifenox 0.0 0.0 97.3 0.0
Metolachlor 0.0 0.0 0.0 95.6
Pretilachlor 0.0 0.0 0.0 96.5
Thenylchlor 0.0 0.0 0.0 100.5

Y10 g of activated Florisil (60 - 100 mesh) was dry packed.

2 n-Hexane/dichloromethane (v/ V).

9 Pre-washed with 150 mL of ?solvent system, and then eluted n-hexane/dichloromethane (v/v).
9 After collect Ysolvent system, and then eluted dichloromethane/n-hexane/acetonitrile (v/v/v).
% After collect Ysolvent system, and then eluted dichloromethane/n-hexane/acetonitrile (v/v/v).
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Fig. 3. GC-ECD chromatograms of soybean extract for the
analysis of 7 kinds of herbicides.
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Table 7. Recovery ratio of ehalfluralin and trifluralin with different crop samples

Crop Fortification Recovery ratio (%)]) CV (%) LOQ
(mg/kg) Ehalfluralin ~ Trifluralin ~ Ehalfluralin ~ Trifluralin (mg/kg)

0.004 94.5+3.7 99.3+2.8 39 2.8

Apple 0.04 89.8+6.8 98.2+5.8 7.6 59 0.004
0.2 90.5+1.5 92.3+1.3 1.6 14
0.004 91.6+4.5 103.4+8.1 49 7.8

Kimchi cabbage 0.04 91.0+£7.2 96.9+8.8 7.8 9.1 0.004
0.2 108.8+4.5 113.2+4.0 42 3.6
0.004 98.8+8.4 104.9+5.3 8.5 5.1

Green pepper 0.04 98.1+3.9 104.6+5.7 4.0 54 0.004
0.2 105.2+2.1 114.8+2.1 1.8 1.8
0.004 97.6+4.6 99.4+3.8 4.8 3.9

Hulled rice 0.04 89.6+4.3 92.9+4.0 4.8 4.3 0.004
0.2 93.1+3.6 92.0+4.9 3.8 5.3
0.004 94.8+5.2 98.8+4.8 55 4.9

Soybean 0.04 86.7+2.4 89.7+£3.0 2.8 33 0.004
0.2 86.6+£3.4 86.7+3.2 39 3.7

Y Mean values of triplicate samples with standard deviations.
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Table 8. Recovery ratio of metolachlor and pretilachlor with different crop samples
Fortification Recovery ratio (%)” CV (%) LOQ
Crop (mg/kg) Metolachlor Pretilachlor Metolachlor Pretilachlor (mg/kg)
0.008 86.9+7.5 89.6+4.4 8.6 8.6
Apple 0.08 83.2+2.4 96.0+1.3 2.8 1.4 0.008
04 102.4+3.0 101.5+1.7 29 1.7
0.008 78.3+2.5 85.8+6.2 3.2 7.3
Kimchi cabbage 0.08 83.6+3.9 85.1+0.8 47 0.9 0.008
04 92.8+2.4 89.7+1.7 2.6 1.9
0.008 89.4+4.8 79.1+£5.3 54 6.7
Green pepper 0.08 76.3+4.2 81.1+4.5 54 5.6 0.008
0.4 89.7+0.6 82.7+0.8 0.7 0.9
0.008 107.6+1.6 83.3+1.7 1.5 21
Hulled rice 0.08 79.2+5.0 92.2+3.9 6.3 42 0.008
0.4 97.4+1.8 93.8+1.3 1.8 1.3
0.008 105.2+3.3 109.6+4.0 31 3.6
Soybean 0.08 84.5+8.0 99.8+1.9 94 1.9 0.008
0.4 93.4+0.5 92.6+1.3 0.5 1.5
Y Mean values of triplicate samples with standard deviations.
Table 9. Recovery ratio of bifenox with different crop samples
Crop Fortification (mg/kg) Recovery ratio (%)1) CV (%) LOQ (mg/kg)
0.02 108.2+2.4 22
Apple 0.2 93.9+3.7 39 0.02
1.0 86.0+1.1 1.3
0.02 92.0+2.0 22
Kimchi cabbage 0.2 89.0+4.7 52 0.02
1.0 93.5+1.2 1.3
0.02 106.6+4.9 4.6
Green pepper 0.2 83.0+2.5 3.0 0.02
1.0 82.2+2.3 2.8
0.02 107.2+1.2 1.1
Hulled rice 0.2 103.3+2.0 2.0 0.02
1.0 103.4+2.2 2.1
0.02 105.4+6.2 59
Soybean 0.2 101.1+8.2 8.1 0.02
1.0 95.8+1.5 1.6

Y Mean values of triplicate samples with standard deviations.
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Table 10. Recovery ratio of oxyfluorfen with different crop samples

Crop Fortification (mg/kg) Recovery ratio (%)]) CV (%) LOQ (mg/kg)

0.002 102.6+4.5 44

Apple 0.02 107.9+1.4 13 0.002
0.1 109.1+£1.5 14
0.002 88.7+2.8 3.2

Kimchi cabbage 0.02 94.4+4.3 4.6 0.002
0.1 107.0+1.1 1.1
0.002 90.9+1.1 1.2

Green pepper 0.02 89.9+4.6 5.1 0.002
0.1 106.3+£3.2 3.0
0.002 779421 2.7

Hulled rice 0.02 99.2+2.5 25 0.002
0.1 101.2+8.6 8.5
0.002 107.8+2.6 24

Soybean 0.02 97.5+2.6 2.7 0.002
0.1 98.3+0.9 0.9

Y Mean values of triplicate samples with standard deviations.
Table 11. Recovery ratio of thenylchlor with different crop samples
Crop Fortification (mg/kg) Recovery ratio (%)l> CV (%) LOQ (mg/kg)

0.006 107.3x0.6 0.6

Apple 0.06 101.2+1.0 1.0 0.006
0.3 99.3+1.8 1.8
0.006 99.1+£5.7 5.8

Kimchi cabbage 0.06 81.6+0.3 0.3 0.006
0.3 83.6+2.6 31
0.006 75.7+£1.6 2.1

Green pepper 0.06 80.3+1.5 1.8 0.006
0.3 79.1+£0.6 0.7
0.006 108.2+7.9 7.3

Hulled rice 0.06 95.0+2.0 2.1 0.006
0.3 90.2+1.4 1.6
0.006 110.7+8.2 74

Soybean 0.06 104.9+1.8 1.7 0.006
0.3 108.1+0.7 0.7

Y Mean values of triplicate samples with standard deviations.
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Fig. 4. Total-ion chromatogram (TIC) of 7 kinds of herbicides
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Fig. 6. SIM chromatograms of soybean extract for the confirmation of 7 kinds of herbicides.
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