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This study was carried out to elucidate residual characteristics of azoxystrobin and difenoconazole in fresh ginseng.
Test pesticides were sprayed onto ginseng both in 2009 for 3-year-old ginseng and in 2010 for 4-year-old
ginseng according to their pre-harvest intervals (PHIs). Limit of quantitation (LOQ) of both azoxystrobin and
difenoconazole was 0.003 mg/kg. Analytical methods set up for the test pesticides were considered to be
suitable for the analysis of their residues in fresh ginseng, considering that their recoveries ranged from 87.58
to 112.79%. Concentration of azoxystrobin in 3-year-old ginseng ranged from 0.004 to 0.011 mg/kg and that
in 4-year-old ginseng ranged from 0.007 to 0.016 mg/kg. Amounts of difenoconazole in 3- and 4-year-old
ginsengs were from 0.003 to 0.007 and from 0.007 to 0.01 mg/kg, respectively, representing no accumulation
effect observed in residue amount between them.
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Fst7] Yste] 3d2u 4d2 XK (Panax ginseng C.A.

Meyer)g NEAER ANSIoH, AT 5ok Ak A7)
Z ARy uio] AME) 2 9l AFEA| azoxystrobind}

dlfenoconazoleolﬁt} Azoxystrobin (99%)2} difenoconazole
(99.8%)9] ¥5E2 Dr. Ehrenorfer GmbH(Z¥)9] A&
Ageron, Agisorel RS AL A% 20% i

oA L e AAIER L ZloR )2 10% HgStA| F50]
((F)or1=2e])o] ATt
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azoxystrobin 2] 7= 8 40UAEE TLA7A] 3-53]
AYFE F9ou, difenoconazole? 7= 43 5044
e 744714 3-53] AYHE TSt Table 1). E3F 59F
d A2 Wae 17 m’, FA2|7E 33 m*Y HjX|slge
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Azoxystrobin (99%)¥} difenoconazole (99.8%)%] &+
£ 27} 20.2 mg¥} 20.04 mgS 20 mL 2] acetone O 2 &
3f3to] 1,000 mgkg?] FFgHoT ZA5 &
g4stel 7] SEE BAE BRGNS Azehel)
A7t BEENS THAARMTE I A HE7(gas
chromatograph electron capture detecter, GC-ECD)o|| 3
ste] A& chromatogram®] T3 HA|(peak area)S o]&
5ko] AT Al(calibration curve)E 259

acetone©. 2
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382 A3HA (limit of quantitation, LOQ), LOQ2)
108} 9 Z2535]-4-7]F(maximum residue limit, MRL) $~&
o2 ATEOHE Adlelo] ARZA W 5UT YR
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A A& 20 g2 300 mL tall beakero] €3l 100 mL2)
acetone2 4o 10,000 rpmof|A 287 #23}sE T Celite
5455 B A 50l o151l o, 50 mLe| acetoneLE &
7] 9 ZARE Ao oy} ghslgiek. ofafolS- 100 mLe Z
3219340} 300 mLe] SR47} Solgls 1 L 2 oj5o] §
7]3L azoxystrobin 248 A]&= 50 mL9] dichloromethane
< 7}8}a1 difenoconazole £4-4- A]E= 50 mL2] n-hexane

S 713t 3 Resipro shaker (SR-2W, Taitec, Japan)E o]-&

Table 1. Treatment frequency and spray date before harvest of
azoxystrobin and difenoconazole onto ginseng

Treatment
frequency

Spray date

Pesticide
before harvest

3 40-30-21
30-21-14
21-14-7
40-30-21-14
30-21-14-7
40-30-21-14-7

Azoxystrobin

40-30-21
30-21-14
40-30-21-14
30-21-14-7
50-40-30-21-14
40-30-21-14-7

Difenoconazole
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5o 250 rpmof| A SE7F Meeh= W o 23] Fufskal
t}. Dichloromethane¥} n-hexane HEujHS F4~ sodium
sulfate 2 B4=51a1 35Co A ZobsSatoict 2L 55 AR
£ 5 mL9 dichloromethane:n-hexane (80:20, v/v) Za--&uj|
2 83|35t & 5 g2 Florisilg #2311 50 mL2] n-hexane >
2 oFA3} A]7] Florisil column Ao 7}8t & 5 mLo] &
SIS ol&sto] §715 AlFste] SeHE T E3F 20 mL
94 n-hexane:dichloromethane:acetonitrile (45:50:5, v/v/v)
TEHE dsto] SeHE 50 mLY] dichloromethane:
acetonitrile (50:50, v/v) Z3HEulE o] &slo] A|HEoFS
L2519} 8208 35T oA 7esZ=3l 3 2 mL9 acetone
02 g5t GC-ECDE o] §5t0] FRkore BA3
o, 717184 ZAL Table 2¢} Zth

AFEF) B2 §S BAslo] 2o BE AU 4
HAE gEagon, AL HBASE Table 30]

=
AEeHA et AeFetAl= 242 0.0013}
0.003 mg/kgo] , BAH O] 382 87.6-112.8%, W
o] Al4=(coefficient of variation, CV)+= 1.0-5.20] I TH(Table
4). T 55 A=Y & HH7F 70-120%0]aL Ho] A4
10%0]grolofof b= 52218 (Rural Development
Administration, RDA, 2012)¢] JA|S 272 & o EAHo
23}l %it). Banerjee et al. (2008)2 3% 5= difenoconazole
9] LOD7} 0.01 mg/kgo| 23, LOQE 0.025 mg/kgo]iT}al
H 35}tk ESH Bursic et al. (2007)3 % o]0 azoxystrobin<
0,025} 1.0 me/kgo] HEE Azjat 348 ARE W}yl
o, Wi 87.6%9] 39S BT CVE 10%n|uto]glm
R 15}9t} Zhang et al. (2010)2 Q14 3= difenoconazole 2]
HESH = 0.02 mg/kgo|aL 0.029} 0.5 mgkg 702
3k a2 80.6-95% H9fol kil Bl 55 s
ofe] ATAEe AP B AT} fAE Aol

AAF Z A|BlSOrO| XHE QFAL

Azoxystrobin
Table 50 A|AZH H}e} o] 3T 4t F+ azoxystrobin®]

Table 2. GC-ECD conditions for the analysis of test pesticide in ginseng

Instrument Agilent 6890N Gas chromatograph equipped with electron capture detector (ECD), Agilent, USA

Column HP-5 capillary column

30 m L. x 0.25 mm L.D. x 0.25 ¢m film thickness

Temperature

Oven Initial 240C increased to 300C at a rate of 10C/min.,
hold for 6 min. for azoxystrobin
Initial 230C increased to 280°C at a rate of 7C/min,
hold for 5 min, increased to 300C at a rate of
10°C/min, hold for 1.8 min for difenoconazole

Injector 250C
Detector 310C

Flow rate Carrier gas (N2) 1 mL/min, make-up (N>) 60 mL/min

Injection volume 1 uL

Split ratio 50:1 for azoxystrobin and 10:1 for difenoconazole

Table 3. Equations of regression and correlation coefficients (r) of the calibration curves for the quantitation of the test pesticides

in ginseng
Year Pesticide Equation of regression r
Azoxystrobin y = 2,803.7777 x + 17.3848 0.9998
2009 Difenoconazole y = 4,923.0626 x - 15.6409 1.0000
Azoxystrobin y = 13,739.51 x +209.2687 0.9997
2010 Difenoconazole y = 4,612.2 x + 30.603 0.9989
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Table 4. Limits of detection (LODs), limits of quantitation (LOQs) and recoveries of azoxystrobin and difenoconazole in ginseng

Year Pesticide Fortification Average Standard Coefficient LOD LOQ
level (mg/kg) recovery (%) deviation variation (%) (mg/kg) (mg/kg)
0.003 100.3 2.4 2.4
Azoxystrobin 0.03 105.5 1.0 1.0
0.5 97.4 1.9 1.9
2009
0.003 90.5 4.1 4.5
Difenoconazole 0.03 88.8 1.0 1.1
0.2 100.8 22 22
0.001 0.003
0.003 92.9 22 23
Azoxystrobin 0.03 99.4 1.5 1.5
0.5 95.0 22 23
2010
0.003 98.2 1.2 1.2
Difenoconazole 0.03 104.8 5.5 52
0.2 94.0 1.9 2.1
Table 5. Residual amounts of azoxystrobin and difenoconazole in ginseng
.. Treatment Spray date Average 2 cv?
Y Pesticid SD
car estieide frequency before harvest Concentration (mg/kg) (%)
3 40-30-21 0.004 0.00 3.06
3 30-21-14 0.006 0.00 4.69
3 21-14-7 0.010 0.00 1.26
Azoxystrobin
4 40-30-21-14 0.008 0.00 2.55
4 30-21-14-7 0.010 0.00 1.14
5 40-30-21-14-7 0.011 0.00 0.18
2009
3 40-30-21 0.003 0.00 2.09
3 30-21-14 0.004 0.00 0.74
4 40-30-21-14 0.004 0.00 2.51
Difenoconazole
4 30-21-14-7 0.006 0.00 0.64
5 50-40-30-21-14 0.005 0.00 0.93
5 40-30-21-14-7 0.006 0.00 2.06
3 40-30-21 0.007 0.00 1.09
3 30-21-14 0.011 0.00 2.17
3 21-14-7 0.015 0.00 1.11
Azoxystrobin
4 40-30-21-14 0.011 0.00 2.57
4 30-21-14-7 0.015 0.00 1.60
2010 5 40-30-21-14-7 0.016 0.00 0.73
3 40-30-21 0.008 0.00 1.69
3 30-21-14 0.008 0.00 0.24
4 40-30-21-14 0.008 0.00 1.31
Difenoconazole
4 30-21-14-7 0.010 0.00 1.05
5 50-40-30-21-14 0.009 0.00 0.81
5 40-30-21-14-7 0.010 0.00 0.64

YStandard deviation.
PCoefficient variation.
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FEEEL 0.004-0.011 me/kgo] 9.0, 4d451e] AL 0.007-
0.016 mg/kgo & Ao] & ZAFFS 2 2jo|7t ¢lo]
d QEAEe] e A RASS UERA oottt =3
44} % azoxystrobin®] R WF51471%¢1 0.5 mg/kg
olglz Asst AR R BEEEQC

AR SAA o 794 58] AE A2 ARl

7P Eokom, 8k 219 33] A Ao xhEol 7t
A o A 5147t B Setle] 2] AETSE 2
o] Utk Eat 437U 4319} 53] A0 Wi
o] GARE HOR u|Fo] ¥ uf 43} 40U Mo ALF L
HF a5 ARl A GFe] fle A= HHEIA
t}. Elkins (1989)2} Song (1996)& 52-0] A sope]
WS 5 AP BT BAl o3 e G
A, &oF ]'\5—‘] AAL A 27, 2 A 27, 718 24
2 OFA| AR A3 U Foll A AR Eriar Harskel
t}. Kim et al. (2008)3 OFHARE7|20f| £3}9] azoxystrobin
& QU 484597 43 AT F Soelo] BRAS HA
A3} g+t 0.81 mgkgo] AEHAoH, LT Fiof 7H W
& 5ok HRSIYT LS
Difenoconazole

Difenoconazole?] 7% 3W9] ZFS 0.003-0.007
mg/kgo]om, 48922 0.007-0.01 mg/kgo] A THTable 6).
Kim (2009)2 229 9] 6L ¢4 Ao difenoconazole
& AR Zolol AT T S3elol IRIS A
=% Ay 27 2 BE AR nwe s HEEgIo
B3I o o= AeEHA 7L 0.02 mgkgl 2 tha izo}

AEEA| ok Aod et Qlrt. Kim (2009)9] A9} &
Aol A A F

% difenoconazole ] A-52Fo] AeslA vl
]

oAU A 43201 AL Qo] 5ok ARLESle] oLt

of welo] 27 w2E)7) o] uhizolet BekEl9ick. Noh
et al. (2012)2 4429 dlfenoconazole% 27y Abaky oy
FEslo] ZsoRes wARE Ax} 4dt Q4 % difenoconazole
9] Rk 0.006 me/kg, ST %@4 0.044 mg/kg

ojlthal Histion, o] Aot 545 A Amoes
B 502 ool Aasslen wasii, £
Zhang et al. (2010)2 S=UoA FEEHL & 5= A4
o] A o1A(Panax notoginseng) % dlfenoconazole.,] A5
BUERS AN A1 46%9 AEES Holon, T
£ 0.02-0.6 mg/kg HY o)tk Bl

zAtel 2
H =820 2009-2010 % A]Z0)oFEobA A o] A A A A
Qo7 @7} Aok ok ATARIT oA S35t o

7 Ane] QRoln], o] A=Yk
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