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Abstract To determine residual characteristics of azoxystrobin in ginseng under different cultivation
conditions such as use of straw mat on cultivation soil and filling gap between ginseng stem and soil surface

and also to elucidate its approximate behavior after spraying,

20% azoxystrobin suspension concentrate

solution was sprayed 4 times onto 5-year-old ginseng with 10 days interval at a application rate of about 200
L/10 a and then residues in samples were analyzed. The residue level was lower in case of use of straw mat
and filling the gap with soil than in case of no use of straw mat and no filling the gap, representing that use
of straw mat and filling the gap with soil were contributed to decrease of pesticide residues in ginseng. A
large portion of the test pesticide distributed onto ginseng leaf with a higher specific surface area. The amounts
of azoxystrobin residues decreased in ginseng leaf, while increased on soil surface, as close to harvest. About
0.1% of azoxystrobin sprayed was distributed in ginseng root and 12.7-20.4% (mean 16.6%) of azoxystrobin
could be decreased for dietary intake by removing of rhizome from ginseng root before intake.

Key words Azoxystrobin, ginseng, rhizome, residue, behavior
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A A5 AMsgt 7154 5“4’\5}9] FENE s o] Fofoll thet EF 77 F7ol wE AFSEAEATNA
317] Wil AuiE Qi el 71e)7] 9%k 2EA 014t Big] 5 azoxystrobine- QAF Yo F& Ay o]
o] H4Aolth(Seong 5, 2014). ZA e AstAH) A B o] S B3 7 Huh= AN £71E A ZEAY oA
A AAE ol gato AT 3 A7) oo = AEA] =2 QA4 B o] Aol A HFol o3
ste] AFo] YA sIA FUAL W0l Wol NEFeh= ke ASE F5th Wang 52010y 14 2 A
H]-g-o] o] v tHKim 5, 1990; Kim3} Lee, 2002). Hj 3k o A azoxystrobin 25% SC2] 7414 {wgr% Jol] oh
Hoe yUE Fglgdl 55 o83 apRgduto] s 3 ATE FYsIGeH, 71 2 LsHlgS A A3
Ho] ARGH L AT o] ARG A7), Aulr] F 5% AN B T azoxystrobin®] WH71E= 7.5-9.940]%0C
Aol FHeopsk FA7F ST A 2 A 5o o, Q3k & FFE 0.5 mg/ke Ul““]i’iﬁb— 3T
B A7E AA FA 457 ARgto] i o] BEE mebA] o] A1E AN F T IR ARE FHIVI
THKim 5, 1990; Kim¥} Lee, 2002). Aato] AR AEE HoFe] <At gﬂ% ek ols B At

A YF-S Apehs 2ol A= 7] wiol] W] - Al Qo] fitol wE Qlake] woF 2ol v @
W Aol Fokalar sEolA $87A] 4do)A 6d 7k 8 3 S ARSI B3 A AEE azoxystrobin®] £EE

AA AujEs thdd =2 72 Wallgdd o 2= AV} Bk AL QG &7, A B EY F A
H3le] =ZEE 7)7ko] 2 el $ltkIm &, 2007). whet HEore] MRS st A $4S st
A A0l WallFS WAlste Aol AEA S S ALk
T A 7P WEL g Wl OWUP Axd 5o Mz o g
= Y= QA FRete] kAol =ehs frdskar Bk
FHFEere 2 Qg Fgo] AA FF Fofjof o|2A AEYH % AIBEE
HA AAA 4S8 TH(Lee, 2005). A|FEOFS Table 19] AA| 8 HRe} 7bo] o1ake] M uw

HAd = Foke] A SHETE 2ol o) 7) gl I} gAY Aol ARS-E| AL 1= azoxystrobin(AE T
oFa 7t GAS Fofo] FHEES WA ARE-Fo] HWolAH v, AAlElE o2 3| o]l e, AFAE-S S-Euet
A ZHREF FAIE A HA o (Park 5, 2010), Al 3 oF8-2HE9l 94k (Panax ginseng C.A. Meyer)°] At}
Al b Ao FhkEel tigh sk AR eTIES A

e Bk o} IREF RUB Y-S Fot] st I AMH
S BrbskaL RSl 87 ES 23eke s #7) late] THuHEHE FREY
o A& FskL AtHKim F, 2010). ©]HA3 A4S 3f Ukz o g <k HARS o3 F AdAMlE SR
Ast7] flate] A3 ZAE v R PHAAMETIET RS Hol Asta lom, AL ¢ 2719} <o)
Fol871Es AR A 5 FoF AFs87IEY =4 v 59 dFo R A SeEuA Qi 27 B
] z5lE Folo] sV AAA E4E 29 Sl 2 Foll ol A AxEeo] Q1ate] 7RFSIQl Hew &
&5 A0 YAE T 2HRAlE Bk e Qi 2l S017 7hs/dol At mEbA AY Axd Foo]l EY
& AlFeb] flstel Be A77F JRQEL glon, T Uk F3o A7 7S T AT AFE A7) Sl A
o2 AFooREekdAldME thazte] d7AAE 2= 3 ) S F2 it E7] T el A AE
20100d 914+ % difenoconazole?] Codex ZHqd]g7]52] H)Esto] o] AT FEANN HF7HR] ] Zo|E =4
A& Codexoll 8431] 20110l AFHACHCCPR, 2011). ek, T8 <4k 3] 5 5oF 27 v JgS o}

Azoxystorobin> ZEZHFEY A5 AtA|ZA 75% B7] 95t Qi AuiAle] RE QNS €& AAm] A
o] e 9 AFel AFRSE7IE] AAH JoH 27, A el S T AP, 9E AlAst
(MEDS, 2014), 53] 913¢] Amuuist e WAle] of 7 73S v oo g7, g3 BAS AAss 79
¥ % AREAT S nole AU £L Sl & Ue AUTE WA NYE S, 0w
o}, Kim 52008y <14t #Aul717F & azoxystrobin 5 3% wo] AFHE AL WAS] Aste] 7S 2 X2
Table 1. Pre-harvest interval of the commercial product of azoxystrobin and its maximum residue limit for ginseng

o . . L Pre-harvest interval . .
Active ingredient Formulation Dilution — - - Maximum residue
(%) type rate Application Last spraying Maximum limit (mg/kg)

interval (day) day before harvest application time

20 Suspension concentrate 2,000 10 7 4 0.1 for fresh ginseng
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Table 2. Total weights of the collected samples from each treatment plot sprayed with the recommended dose for mass balance study

Total weight (g)
Treatment - -
Ginseng root Rhizome Stem Leaf

Replicate 1 2,744.2 127.5 1,22222 1,028.0

AY Replicate 2 2,703.8 160.3 1,589.8 1,310.7

Replicate 3 2,301.6 167.9 1,308.9 1,093.4

Replicate 1 2,336.0 125.1 832.8 908.6

BY Replicate 2 2,267.6 1222 1,029.3 1,046.7

Replicate 3 2,993.7 180.8 1,340.8 1,247.7

Replicate 1 2,916.5 1952 1,318.8 1,234.5

(o Replicate 2 2,675.2 177.9 1,118.1 1,017.1

Replicate 3 2,524.9 178.3 1,180.1 1,163.5
930 days before harvest.
®20 days before harvest.

910 days before harvest.
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30709] 2k A AE 10 em)E ¢
Ao widstolnt. Bef mwe] wixd Al A
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A E7], 9 E e

o 3% B2 ARl F2 AA
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< 300 mL9] tall beakerel]l 23 100 mL-J acetone> 7}t
0}04 10,000 rpml| 4] 3T %B‘Piotﬂ =3 AEE
Celite 5455 FHAA FAAF & § 50 mL4 acetone®.
2 871 2 S Ao 014 ol Faiict. AHA S
100 mLe] E3}AH49F 400 mLé] 577 201e &
52 &7]2 50mLe dichloromethaneg ¥-& 3 Recipro
shaker (SR-2W, Taitec, ¥&)E ©]8-3F 250 rpmellA] 10
7+ Agsl= oz 28] Euistsitt. Dichloromethane
wjo e e SRREF O R BEsle] 35°CoA ks
SHATE. 130°CllA] 5A1ZE o] &4ds)st Florisil 5 g
#2 Z=(1em LD, x 22 cm L.yl 744 F28 3 oF 2 g9]
25 GAEFS Florisil 4ol Wil 50 mLe] n-hexane
Ei ZdE AFsk Fgst AlF 7] FSAIE AL
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S &=3t 35°CA AY FFeth $512 AEe
4 mL2| acetonedl] A|-&35t GLC-ECDZ /\]
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o a)gs t —%—%"ﬂ“ 5mLE ﬁok# 35°C°1W At FF

717124
A& F azoxystrobin Agilent Technologies AF2] 7890A
GLC-ECDE AHg-ato] 4931519 H, HP-5 capillary column
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(30m L. x0.25mm LD., 0.25 um film thickness)S A&}
°iE} QB exE FHZ 230°ColA E 10°CH 300°C7HA

SAIZ F TR frAlskE WHE O E programingdtl o,
ZO‘%LQ} AZ719 2w 247+ 2503 310°CO] AT 3k
o] At 42 | mL/min]OH, 50: 19 E3H] %7
ANA 1 ul AlEE FYste] £4513 T
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FYF BARS AFH) skl 2052 ABL Y3
o, AEAL 100} S0 $FOE 7 FAE AR
o Aestel 7] ABEPPPOE FYsfe] HFES A
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A% 2 o
38 A

A& F azoxystrobin®] AE$HA= Table 33 72o] <14t

#a] 0.002 mgkg, =H2PHA] 0.004 mgkg, =5, 271 9 9
o] 7% 25 0.008 mgkgol ATt 7 EAF-H E 34E2
Table 3 #|A3F uke} 7bo] R%E 81.1- 104 6%, o]
AL AEH 0.05 mgkg oI5}, 35& 70-120%, He]
Ag- 10% ©]3HE BA(RDA, 2012)312 AE 71FS 7t
o Agek 202 AT Bursic 5(2007) 2.0]
% azoxystrobin®] 3]F&-2 Ht 87.6%, HOIAF 10% 1]
wolgl B389, Chaido 5(2006)S ¥%9 A¥E

4] azoxystrobin®] ¥t 3|5E&- 217} 863 99%, TR
FAHARE 47 129 15%°] Atk B skt

R 54

MufjalHs X=2Ey

olake] Aful Wl w2 Al Fere] ZHFE-2 Table 401
A AT} Al Eeke A HEH(T-1-A)RIA 715

2 0.010-0.012, ¥} ZH(T-2-A) 0.017-0.018 mg/kge] AZE
o, A Au) WA S 2L Aul st A2 7H(T-1-B)
=g 74%6&741 o]k, w 2H(T2-B)y2 0.004-0.005 mg/kg
HHH Al Z719 B 1 Alolo] 4171
oFo] ZHFHe radke A Y

o)
A Aauonol i) 2718 e
ok
o

%E] At Jr?fEZHHH ¢

Holl EEHS] 7S 9oL {zj/\]»%ﬂ_‘_roﬂ Z3)e] ok
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DH & QIMEINE ] Q2 A2
(T-1-C)°ll H] slo] o] SIS ol AldEke] &
T oldg g yHsitete 7] ¥ TS Bl Y=
T ool QIAte] ARl TS F= FHE 80Y e
2 ddEon, o] A= 492 <t Al BT 271
He] S 4£0 7 B azoxystrobind difenoconazole

A A3 sy el wlel xRaFe] dAs] 2

Z2283tk= Kim 0(2008)«1 AT Aot fARIA T mEt
A A EAAA] AFQ] oL 14kl 719 EY &
A Atolol] FHET A4 5.9+2.5 em, n=20)°] UL 7
of el Al gl late] HF mFEREAM HF

7A9] Zlo] 2.7+£0.5cm, n=20)=o] AR ML 1S
A Aol A o] 7R GEE ke APEHE TN
WEAY RI9HeRE FHE FOF whe Zlo] Qi B
T T ARE 7“%17‘ T A WHoRE AdE

o] e R

> rulo —lN

-
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ES 9l & 2}o]E Table 491 A
Algk e} 7o) E"ok GHNE AAZ 35 DHE A=
YA ol Hlste] HREe] Stk o= Sl
A Egel] GAE AT G EFCRE HojAe A3
S Ao R Foat QA 2719 BEY Afole] PR
FYE = Fol faste] A B F AR Hhske

Table 3. Limits of detection (LODs) and recoveries of azoxystrobin from root, stem and leaf of ginseng and aluminium foil dish

Matrix Fortification (mg/kg) Recovery (mean + SD?, %) LOD (mg/kg)
. . 0.02 97.8+4.1
Root without rhizome 0.002
0.1 100.9+5.7
. 0.08 84.8+39
Rhizome 0.008
0.4 90.0+2.2
0.08 91.4+4.0
Stem 0.008
04 924 +2.1
0.08 96.9+5.1
Leaf 0.008
0.4 95.5+52
.. o 0.04 98.7+3.8
Aluminium foil dish 0.004
0.2 954+5.1

9Standard deviation.
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Table 4. Residual concentration of azoxystrobin in ginseng sprayed with different concentrations under different cultivation
conditions

Application rate Treatment Cultivation condition” Residual concentration
Straw mat Filling gap with soil” (mean + SD, mg/kg)
T-1-A Yes No 0.011 £0.001
Recommended T-1-B Yes Yes <0.002
T-1-C No No 0.019 £ 0.001
T-1-D No Yes 0.006 +0.001
T-2-A Yes No 0.017 £ 0.000
T-2-B Yes Yes 0.005 +0.001
Double
T-2-C No No 0.033 +0.002
T-2-D No Yes 0.010 £ 0.001

9According to the traditional cultivation method for ginseng in Korea, soil surface was covered with straw mat during the cultivation period.
And there were some gaps caused by movement of stems by wind between soil surface and stem.

YFilling the gap between soil surface and stem with soil for preventing the downward flow of the sprayed pesticide solution through ginseng
stem.

9Standard deviation.

Table 5. Approximate mass balance of azoxystrobin sprayed onto ginseng

Mass balance (%)
Plot Rhizome ROOt. without Stem Leaf Soil surface? Total
rhizome
Rep.1 0.04 0.00 2.04 30.70 7.74 40.52
A? Rep.2 0.03 0.01 2.27 38.31 5.15 45.77
Rep.3 0.03 0.00 2.01 29.68 9.78 41.49
Rep.1 0.03 0.00 1.35 25.01 13.88 40.27
B Rep.2 0.03 0.00 1.67 28.36 10.70 40.76
Rep.3 0.04 0.01 2.00 29.48 14.22 45.76
Rep.1 0.04 0.01 2.40 22.29 19.68 44 .41
co Rep.2 0.03 0.01 2.16 20.03 12.74 34.98
Rep.3 0.03 0.01 2.02 24.46 11.52 38.03
930 days before harvest.
®20 days before harvest.
910 days before harvest.
9Calculated on the basis of residue on aluminium foil dish
E7h 9l Aoz BekAglon, Q1 A A AHBSE Q3 RSN REFS 42T A3 Table S AT Bl
SNz 4 B F woe FRE JAsked A 719 o} o] F AXF ¥ T HAESTFS FEF 34.98-
s A o= YR 45.77% Wl & AEF] 0.03-0.04%7F 1At B

&
oM HEHNH, i HFIM HEH e F AEF

QAske] Al 717E FF vhgou; 73 efgt A4k F7] ,
TE A AAle Y HF TE AT A9oe o 9] 0.01% oJstel Atk &719} Ae] HEFS 72 135240
ARl =28 o] A F doH, o] A5 Fok F 9} 20.03-3831%c1 oM, EEME & AT 515
HHORZ wZyo] FFae] s 2 ALZ o =H3 19.68%7F AZ= AT o] Aol AREE s At A
oF B QM WUlle £7]0] EEHOE Qg EYEH OFA| AREA]70f Q1S o] FAIEHA Akt AdEll7] Wi
o] EAsIH et T Axdo] o AHPHOT & o A Ak Feko] S Bl E AlFT Ule] EZ}
o7k A& AH O R WA, T BEYO R HHC] ofd el B2 o] WoHE A0E qFHoH, o]
TS oH Foke] ARFS gashe Aoz eyt of wlg} F AzaFe] oF 46% vTo] HEH Aoz ety

um ol W o wpAE LAl 1A
}. =

Aol 7} Res AT W Egel "ol AFEF @ W Al AY 0
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Table 6. Residual concentration and total amount of azoxystrobin detected in root, stem, leaf and aluminium foil dish

Matrix Plot Conc(:g:ra?lti)ré l()rzl)g/kg) Total amount 0{ I;a;c;zyitrs%))in detected (ng)
AY 0.021 +£0.004 3.08+£0.70
Rhizome B" 0.023 £ 0.002 3.28+0.72
co 0.038 £ 0.003 6.95+0.64
A 0.009 +0.001 22.74+3.77
Root without rhizome B 0.009 +0.001 22.16+6.23
C 0.008 + 0.001 2222 +3.07
A 1.077 £ 0.061 1,472.74 £ 144.46
Stem B 1.094 + 0.046 1,159.87 £232.45
C 1.251 £ 0.045 1,507.29 £ 125.35
A 20.105 + 1.299 23,067.49 £ 4039.64
Leaf B 18.069 + 1.376 19,135.98 £+ 1583.19
C 13.467 £ 1.235 15,321.78 £ 1926.51
Soil surf A - 573.20 £ 163.25
(aluminiom foil dish) B - 980.60 £ 173.58
C - 1,096.65 £ 328.03
930 days before harvest.
®20 days before harvest.

910 days before harvest.
9Standard deviation.
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24 Rl A AFEFe HEE AAS A4t ¥
0.008-0.010, I 0.016-0.040, =71 1.031-1.295 & S} 12.405-
21.145 mg/kgollom, 790l HFE AAg 24t
o} w o] 2hRERe Q14ke] ¥t 7100 Hlal] thREol
o9~ SITH(Table 6). o= 4ol 7H2% = EG el )
onZ tE F9o Hja) Axde] A w=Fo] w9 A
gHAjolH, Qlak el FHd] FFEHY e AlFEfo]

Ate] H& AAsHE GAllA LT *@ﬂ‘}i% no=z 3

4= ATk Amvrazi (2011)= 2HE9] ¥9

ek Ao BHe| &
AN A AA E 5 e, o ,
ol mk AALe] GEbd £ qlokal Bargk vl Qi)
9_]/\1-01] @-E—&]. h;ok‘q o]/\l- Ho ]tg ;&_Ig'_ %E(mg/kg)ﬂ-
ZHEEH(ugr Table 69014 Hi= k) o] Y3t 271 o
2 =tor, HgHge] 22 oA dA 3] =94t 53
HFE AAT Qo] Bt R 79 Aol 1t
TET k—lfow A UERARE B 55 AAG Q1A
2 HFe] F FAE LEste] AT AP s ARES
] 18.06- 29 33, % 2.63-7.50 pgo. 2 A <late] A3
=2 OJf& S AFHEL 4k el R 492 A
o= AE ey 2y Q1A AFH Al QAN HFE A
SF Aol OE!HJ@O]EE U4t B 3NHE || Ht
g 22.38+3.97 pg)ellA HF(GRkE A7) ot 3t
+1.98 ug)s AAT 749 12.7-20.4%(FF 16.6%)
%%% AAsE 237t de A= Yehath

2e olgde AAS
£ A gx,

F{F

[.

R

M7 Mm ol TR SN

T A b AELe] Holof me
Tolr 7] flste] 8 30874, 20984, 10%@01] HAIE &
ol

[e)
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A uie} Zro] At EF B AESFE Al
]

o wet £E8)el eSS ARl Yol e
E9 FREIAPINE F7hsk A2 Aee 29E
Jepiglt] ol SHISE A717} 9l S8ele] e
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