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o]FATE A slernz HPLCEA A UV A&71E ol &sle] &0
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Fenhexamid& AAsAYt ¥ & EZL2 Dr. Ehrenstorfer{Germany A
o A -Siske] ARkl

Agtel Mgt woke AT wordelA FAg AFoEA, AAFFEAI
L EHH20% Azoxystrobin, AlAE) S} ©E(42% Fenhexamid, vlo]d)E A}
gotlon 2 AgelA AEE FTFHEY 5 R HHAET|FES Table

1o veRu it

T HTFEHELS Methanol ®i= Acetones ©]8319 500 pg/mL= A

Ol

o
sall;
ofp

w2 3 433te] 50 pg/mL TEE ZA A Stock solutionl
%= AREshalal, Working solution #4 Zol| &wiE 7ta] ATz X

A sl AT A HpEAA A4

T % 9 AAYAe &£vl= Acetonitrile, Acetone, Hexane G-
pesticide grade(Fisher, Pittshburgh, USA)E A& H L, 717|184 ol %4
g2 AFE3 Methanol HPLC Grade(J.T Baker, Phillipshurg, USA)Z

Aeadn) =& Ads 17 2842 77 BAoE 34 Z2E4E AL

AT
Sodium chloride®t Sodium sulfate, Anhvdrousi= Wako(Osaka, Japan)E
AF-&-3} STt

AAE  98te]  Florisil{Varian, 500mg), Amino-propyl{Waters, 1g)
CartridgeE 79 38to] AR-&3300

EI A Ao 09de WAy Y3 22 AHES Y8 Methanol,
Acetone, Dichloromethane, Hexane= Pesticide grade(Fisher, Pittshurgh,

USAYE AF8 3191,



Table 1. Physicochemical properties of pesticides used

study

in this

Common name

Azoxystrobin

Fenhexamid

Structural formula
&

Chemical name

000

(ﬁ OO O\cm
N i
He”

methy-
(E)-2-{2-[6-(2-cvanophenoxy)

pyrimidin-4-yloxylphenyl}-3-

CH, H cl

|

N cl
C/
|
0

OH

2,3—dichloro-4-hydroxy-1-

methylcyclohexanecarboxanilide

methoxyacrylate
Molecula
CooHi7N5Os5 C1aH17C12NO;
formula
Molecular
) 403.39 302.20
weight
Properties
M.P 116¢C 153C
MRL 0.5ppm 0.5ppm
Purity(%) 99.5 99.5

Purchase supplie

Dr, Ehrenstorfer

Dr, Ehrenstorfer

ADI" for man(mg/kg)

(EU) 0.1 mg/kg b.w.
(USA) 0.18 mg/kg b.w.

0.183 mg/kg b.w.

ADT" @ Acceptable daily intake



2) 247171 & FAl

O GC +4

GC(Gas Chromatography)¥® GC-Ni*ECD(Electron Capture Detector)”7}
A2e Hewlett PackardAbe] TP 6890 Gas ChromatographyZ HP 6890
AutosamplerE AF&3e] A5E FUFHL Axm FHS $13e] Hewlett
PackardAl 9] Chemstationg AF-&3} 9t}

B8 98 488 Ultra-2(50m X 0.2mm X 0.33/m, film thickness)Z, ©|
TN T4 1.0 mL/minz A47AE F4Y W
mode) &= 50:19] ¥ &S A3

CEZEOES A4 {9 peakEH FJAE A dsH7] S5k 21
5Tl A Al&Fete] 2083 #FAAZ1 5 5C/min® &%= 225T7HA &9
Sk MEA skal 300C7HA = 30C/min .2 &¥ £ 300CAA 20
b wEA 3T
AT 2% 250C, Detector?] <53 300C= dklu). oz d 7]7) %
714 Table 2] e ST

i

= Bok 9w (Split

AL

Jum—

N



Table 2. Analysis conditions for GC

Model Agilent 6890
Ultra-2 J&W

Column ) )

(50m < 0.2mm < 0.33¢m film thickness)
Flow rate 1 mé/min, N2 carrier gas
Detector Ni*ECD
Split ration 50’1
Injection Volumn 1l
Inj. Temp 250TC
Det. Temp 300C
Oven Temp 215C(20min) — 5C/min — 225 (15min)
(Program) — 30T /min — 300T (20min)

_‘IO_



@ HPLC #4

HPLC(High Performance Liquid Chromatography )+ Pump,
Autosampler, Oven, Degasser @ PDA(Photo Diode Array) A&7])7} 32
¥l Shiseido Nanospace(Yokohama, Japan)& AF&3F9ow, 53444
Ezchrome AM&3lo] 2 5E 439t

495 9% AP CigdbmmlD x 250mm)e= o3 #52 1.0

mL/min® 393 ¥ &%= 40C2 AA FA44

2
=

o4 &vl= Methonol?t 32 FTFFE AbEsto] Q4 AFAEEY
peak®t HAA A A gradient 27 Fol AR 10E FY3F] +4319

vl o8&k 7]7] 7S Table 39 Yl



Table 3. Analysis conditions for HPLC

Model Shiseido Nanospace
Column Ciz (5um, 4.6mmlI.D x 250mm,)
Detector UV detector (254nm)
_ A ! Methanol
Mobile Phase
B : H:0O
Injection volume 100
Time T A Flow
Omin 20 1.0mL
3min 20 1.0mL
20min 70 1.0mL
. 35min 70 1.0mL
Gradient )
45min 95 1.0mL
60min 95 1.0mL
63min 50 1.0mL
68min 20 1.0mL
73min 20 1.0mL

_‘]2_



@ HPLC Column switching 4]

HPLC Column switchingg &7 $8&<¢ PDA Detector, Pump,
Autosampler, Oven, Degasser, switching valve”} 31+ Shiseido Nanospace
A2 AMEEERITE ofuf AN AHS AE A& SE MF ph-l
precolumn(5um, 4.6mmlD x 50mm, Shiseido, Tokyo, Japan), =& 5%
Capcellpak Cig(5um, 2.0mmI.D x 35mm, Shiseido, Tokvo, Japan), 214
6.2+ Capcellpak Cis(bgm, 1.5mmID x 150mm, Shiseido, Tokyo, Japan)
columns A& L8 25 40C2 SASA F2IA AT

ol &ulZ A pumpolE 40% Methanols 0.5 mL/min® §4£ 0% B
pump®ll 3= 60% Methanols- 0.2 mL/min® &2 &%)

HPLC Column switching system<= Fig. 19| uEldl nle} Zo] A
position®} B position®. & UFd o AEE FAAA pump AZ E3lY
A&7} 0.5 mL/min 84 =% Pre-separation column®.@ &2%% gt}

2 Abolel pump BelAE olEAES 02 ml/min® I &4

b

= Focusing
column®] A analytical column W&o 2 5# Focusing column¥} analytical
columno| ol s HIYL o|FEE IFATHA position). AMETY & &4
& #o] Pre-separation columnolA YWedi 8w Switching valve
positions BZE HHEolFo] Pump AS E3] o]lEA¢] Pre-separation

columnol A  Focusing column®® &=2Z7 3¢ FIEZHE Focusing

columnel] o3 g7} A4 EZ o] t} WolA| W valve positions AZE v}

analytical column®Z =24 3 T F-43}dt. 7|7l 272 Table 49}

Table 5ol e AT}



Analytical column

Pre—separation column

Detector . '
Focusing Autosampler

column

Waste Pump A
Pump B
Mobile
phase
Mobile
phase

A position

Waste

Analytical column

Pre—separation column

Detector .

Focusing Autosampler
column
Waste
Pump B
Mobile
phase
Mobile
phase

B position

Fig. 1. Schematic diagram of a HPLC Column switching system.



Table 4. Analysis conditions for HPLC Column switching of
Azoxystrobin
Model Shiseido Nanospace

Pre—Separation

column

Focusing column

Analytical column

Detector

Mobile Phase

Flow

Switching valve

Time events

Injection volume

MF ph-1 (5mm, 4.6mmILD x 50mm)

Ciz (5um, 2.0mmlI.D x 35mm)

Cig 6ym, 1.5mmlID x 150mm)

UV detector (254nm)

A T 40% Methanol
B 60% Methanol

A ¢ 0.5mlL/min
B : 0.2ml/min

7.omin Valve — B position

38.7min Valve — A position

1044




Table 5. Analysis conditions for HPLC Column switching of
Fenhexamid
Model Shiseido Nanospace

Pre—Separation

column

Focusing column

Analytical column

Detector

Mobile Phase

Flow

Switching valve

Time events

Injection volume

MF ph-1 (5mm, 4.6mmILD x 50mm)

Ciz (5um, 2.0mmlI.D x 35mm)

Cig 6ym, 1.5mmlID x 150mm)

UV detector (254nm)

A T 40% Methanol
B 60% Methanol

A ¢ 0.5mlL/min
B : 0.2ml/min

10.0min Valve — B position

11.2min Valve - A position

1044




GC EHolr 4 MEe dsF HAEME A7 98 Azoxystrobindt
FenhexamidE Acetone®.% 323l Azoxystrobine 0.2, 1.0, 2.0, 5.0, 10.0
mg/Le #F&=8NS w54l Fenhexamidi 1.0, 2.0, 5.0, 10.0 mg/LY H+&

s wEdYW A4 s FUste] dojl AzvtEa9e] peak height

Azoxystrobin®} FenhexamidE Methanol® 314 38ke] 1.0, 2.0, 5.0, 10.0 mg/L
o] ¥4 9E HPLC Column switching -4 A9 & 0.05, 0.1, 1.0, 5.0, 10.0
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@ HPLC column switching 4]

—20Colet s ale] HBEodE AR(F4, A4 FAHE Aol A
St 3 3g& Talcon tubedl FHs|A w9 AE3A &L Ayt EE F
of 5.3t &< 3mLE Spike AP FS A <AL ayE do F
9 1omLE 7Fske] 1A17E A Felv. FE & E Acetonitrile 30mL-&
7bek & FHE 3 HEE 3 5 Sodium Chloride 2g-8 Y3t 1087 A3}
E5ol & F, dAEH7HAA 300mpmoE 583 dAEY F, 4T
2mLE #3le9] 0.45um Syringe filter® filtering 3+ ¥ THPLC Column

switching .2 45 st¥aL o] #A4-& Fig. 3¢ e AT



Sample 10g

Addition of Distilled water(50mL), alone for an hour

Addition of Acetonitrile(100mL)

Homogenization for 10min

Filtration

Addition of NaCl 5g

Organic layer

Dehydration
Evaporate under 40T Evaporate under 40C
Dissolve hexane TmL Dissolve DCM 1mL
Load to Florisil cartridge Load to NH, cartridge
Elute with Elute with
20% Acetone/Hexane 1%Methanol/DCM
Eluent 10mL Eluent 10mL
Evaporation Evaporation
Residues Residues
Dissolve in 3mL Dissolve in 3mL
of 20% Acetone/Hexane of 1% Methanol/DCM
Syringe filtration Syringe filtration
GC-ECD HPLC

Fig. 2. Preparation procedure of GC and HPLC analysis.
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Sample 3g

Addition of Distilled water(15mL),
Acetonitrile (30mL),
and NaCl(2g)

Homogenization for 10min

Centrifuge for 5min(3,000rpm)

The upper layer

Syringe filtration

HPLC Column switching

Fig. 3. Preparation procedure of HPLC Column switching
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Table 6. Correlation coefficient of standard pesticides

Azoxystrobin Fenhexamid
GC-ECD 0.9975 0.9951
HPLC 0.9990 0.9984
HPLC column switching 0.9956 0.9965
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Fig. 4. Calibration curve of pesticides in GC.
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O I I
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Fig. b. Calibration curve of pesticides in HPLC.
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Fig. 6. Calibration curve of pesticides in HPLC Column Switching
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2) EE =2 3 20lEOH

B4 FHAE9d Azoxystrobine ECD#HZE7]2} NPDAZE7] A&7 =

9kal, Fenhexamidi= ECDAEZ]C #A=E7F U F #945& &2
A

He AR o= AFEFoEdS Acetonel® 339l Azoxystrobins-
2ppm, Fenhexamid+s= 10ppmo. 2 ko] 243 A3 Azoxystrobin® WHFE
A 7ke 52%F, Fenhexamide] ™WFE A7+ 33802 HF5od AZRvE

298 Fig. 7% 729t}

5Hz

400
30
300
%0
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8 7 Fenhexamid Azoxystrobin

wid N S -

1 f f
0 10 20 30 40 50 min

Fig. 7. Typical GC Chromatogram of pesticides by GC.

_26_



@ HPLC

HPLCE GC &4 5 Wa] A&t BEcEsol ®ol A-Ad Ae

stol Z}7F 10ppm o2 3to] A& 3 A Rey HFFeke] ARvEDL
A Fig. 83 #Zkv}. Azoxystrobing 2255 Fenhexamidy 25.28-¢] WY
A 7HS e Sla, Azoxystrobin® #HEVF U 58] #e wEE B

A5t ol 2k Fenhexamid BU U] %2 peakE WERY ST

il

50 350
26 | k-4
a00] Azoxystrobin 200

174 175

150 ] 150

100 100

Fenhexamid -
TS 75

a0 -60

il -2

hnute s

Fig. 8. Typical HPLC Chromatogram of pesticides by HPLC.

_27_



@ HPLC column switching

HPLC Column switching< A A2 Z#o| A2 wF&F Al7to] we} &4
A ZEe oA zZFeol7F Sl H Azxoystrobine 7.5%-, Fenhexamids 10.0%- ¢
HEE A7 Ay 9l HPLC Column switching®] -3 Az Z
de 22 Adwe] AYrtE BAEE S A7E Aol &oldl thE A
o] o= =dE ATVl ojgwel slengE B AFoME 7t
7y B8 Tt = EAATS Azoxystrobine] 355, Fenhexamidt 45
Follo, AHYAHS AYrts MEFEFAZFS Azoxystrobin® ¢ 7.5
# AL, Fenhexamid® 108 AL on, FEAd4d=71xe MiEs Ak

< Fig. 99 A &+ Zo] Azoxystrobin®] 16.2%, Fenhexamid”’} 24.5% ]2t}
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Fig. 9. Typical HPLC column switching Chromatogram of

pesticides by HPLC column switching.
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FgEdode A2 gdste] 2FEAY AEFAG/N=3)= vz £ 2
I} GC YA Azoxystrobin 0.1, Fenhexamid 0.5, HPLC 4|4
Azoxystrobin 0.01, Fenhexamid 0.05, HPLC column switching 4l 4|
Azoxystrobin 0.006, Fenhexamid 0.032.% HPLC Column switching®] %
FAZE e E24E A Haskele W o St ddgs YEhllew o

& Table 79 e ST

Table 7. Detection limit of the analytical methods of pesticide

Limit of Detection (ppm)

GC HPLC switching
Azoxystrobin 0.1 0.01 0.006
Fenhexamid 0.5 0.05 0.03
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Fig. 10. Overlay GC Chromatogram of Standard and Sample
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WA FEE st 254 nm S et £4S A AT

HPLC #2419 A1 GCY¥ €8 Azoxystrobin, Fenhexamid ¥ ¥9F =
T QlAkILfr Peak®] wFE Ak} wl2@ Ak A o nz GCHU
2 7F o oyt

Methanol @ H09] W]l && 2 : 89 Hl&=E A 238te] Methanol @ H.02] H]
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Fig. 11. Overlay HPLC Chromatogram of Standard and Sample.
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3) HPLC Column swithcing

A&7 ZANEL olsd &= HPLCREA A 4@ #4334 oF
B &E ARSI or & AN ARSE dA e AR e Bk #a
A8laLal ke Bdo] {78 2 felHunz o)sde §7 &g B
obde= & Peak®t @2 AZE wel v JheAde] flenE 10%

Methanol-& A ZFo 2 ZF4 Methanol? <& =87FdA 248 39

A9e Eashs o5dud f7189e Fe Fb A BAL AAsHd

A AAY 2EUS EHgstE o] B4 40% Methanol®, =43}
49 S F4slE o] B4 60% Methanol= 3te] 43 47 GC ¥
HPLC® #43% A3 WMt} Fig. 12014 BoAFio] 1 %2 Eyos ¥
ot} Fig. 129 A HA Z2ZvEa8e Azoxystrobin® I ZwpE o]l
T oHA ZAzvlE 29 Fenhexamid Z2vlEdgio s 3kl A3} HPLC
Column switching®l 2] gt £24uH o] GCe HPLCEA WY vy ¢ A3}
T AgE Ao gyt
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Fig. 12. Sample Chromatogram and PDA Spectrum of Pesticides by
Column switching Method.
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Ak b AEd EAW O we sofRE &S Spiking A elste] 35

askalar shdth gk FoFRETE& A S SpikingH st eSS

A3} Table 83 Fig. 133 Z&okt}y & A-polr 48t o= &

oF A¥ % Azoxystrobin® ¢ HPLC, GC, HPLC Column switching 2|

b8l gS B9tk HPLCE 70.20+3.09%, GCE 71.27+1.72% 9

T&S HolFEQ A, HPLC Column switchinge] &3 3]¢&& F E4u

Wol W sle]  101.78+265%= & e4d AxE Byl gz

’

X

O

Fenhexamid®] 7% Azoxystrobind} v}zk7}A] 2 HPLC Column switching
We] 3)ggo] 79.40+1.4% % %A vpepykul

Table 8. Recovery in fresh ginseng

(Unit : %)
Switching GC HPLC
Azoxystrobin 101.78+2.65 71.27£1.72 70.20£3.09
Fenhexamid 79.40£1.4 74.01£1.23 70.15£1.65
(n=3)
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Fig. 13. Recovery in fresh ginseng(n=3).
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2) oMo ==

A4 FeFg & A SpikingA 2lete] &S vwd A Fabol A

o] 34 FAF AEe HoFEelv}. Azoxystrobin, Fenhexamid § &
ok o] 348 Table 99 Fig. 1404 Hi=n}2} Zo] Azoxystrobin<

1.7£6.75%, GC 75.17£3.45%, HPLC Column switching
101.65+3.06%, Fenhexamidol| A<= HPLC 60.72+2.04%, GC 63.37£1.98%,
HPLC Column switching 72.8£2.20%¢ 3#+&€< JeUAL. GCY
HPLCel A ¢ ZAzturtl HPLC Column switching$ S o] &3 3 4+& A9
At A Azoxystrobin ¢F 30%, Fenhexmid® 4%+ 10% *#

4% 59
TES HAFo.
Table 9. Recovery 1n dried ginseng
(Unit : %)
Switching GC HPLC

Azoxystrobin 101.65£3.06 15.17£3.45 71.7£6.75

Fenhexamid 12.8%2.20 63.37£1.98 60.72+2.04
(n=3)
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Fig. 14. Recovery in dried ginseng(n=3).
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T FAeas vepoda, b A 8 ek H AEel wE das

o Aol 79 v AL= YEET

B39 Axet 7ol HPLC Column switchingg o] &3] #4283
ArEe Ay vekn pae A0 w oA Agyat vustg

< ul HPLC Column switching®¥< A 7to] A3 48 3150,
100%0] 717h2 8 &S 99, HPLC Column switchingd A4 F%
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7FA 3t 9dvbar 39 th. HPLC Column switching® 8-S o] &3 A7 A&
ARP Az B A7AB o B4d AXY HYE Fashste] 24K
g GEAE ¢ e, ¢ degd A4S THA 2 ATk
Table 10. Recovery in red ginseng
(Unit : %)
Switching GC HPLC
Azoxystrobin 100.81£2.52 73.54+2.61 69.55+1.92
Fenhexamid 79.93+1.90 78.73+0.62 68.47+2.94
(n=3)
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Fig. 15. Recovery in red ginseng.(n=3)
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Fig. 16. Residual amount in fresh ginseng(n=3).
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Fig. 17. Residual amount in dried ginseng(n=3).
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Fig. 18. Residual amount in red ginseng(n=3).
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A study on the optimal analysis method of
Residual Pesticides(Azoxystrobin, Fenhexamid) in

Ginseng

KyungJin Lee
Department of Chemistry
Graduate school of

Sungshin Women's University

This study was Performed by Gas chromatography(GC), High
performance liquid chromatography(HPLC) and HPLC Column
switching method to establish optimum condition for analyzing the
residual pesticides in ginseng. The samples of fresh ginseng, dried
ginseng and red ginseng were prepared from the ginseng field in
ChungJu.

Correlation coefficient was 09951, a relatively better wvalue. In
LOD(Limit of Detection), GC is 0.lppm, HPLC is 0.01ppm, and HPLC
Column switching i1s 0.006ppm in the case of Azoxystrobin. In the
case of Fenhexamid, GC is 0.5ppm, HPLC is 0.05ppm and HPLC
Column switching 1s 0.03ppm. As the result shows the sensitivity gets

much better when using HPLC Column switching method.

The recovery rate of Azoxystrobin by Spiking processing on
ginseng 1s 1009 with HPLC Column switching and approximately
70% with GC and HPLC. Also, The recovery rate of Fenhexamid was



5% with HPLC Column switching and 65% with GC and HPLC.
The recovery result, however, shows that using HPLC Column

switching inspecting residual pesticide i1s twice sensitive than GC and

HPLC.
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