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Abstract This study was carried out to determine residual characteristics and to evaluate safety of bifenthrin,

carbendazim and metconazole in minor crop, Angelica gigas Nakai. The test pesticides were sprayed onto the
crop according to the combinations of spray days before harvest and frequency and then sampling was
performed at the harvest day. Non-systemic pesticide bifenthrin was not detected in all samples, whereas
systemic pesticides, carbendazim and metconazole, were detected from the crop in the range of from 0.14 to
0.49 and from 0.19 to 0.26, respectively. These results indicated that residual characteristics of the test
pesticides in Angelica gigas Nakai were affected by their systemic properties. Also, residual concentration of
carbendazim and metconazole in the crop was increased as more spraying frequency and spraying more
closer to harvest day. And residual concentration of carbendazim in the crop on the last spraying day was 2.1
times higher than that of metconazole because nominal spraying dose of carbendazim was higher than that of
metconazole by 1.9 times. The residue levels of the test pesticides in the crop were evaluated to be safe,
considering their %ADIs were less than 0.9%.
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M 2 A= Azl el AR AAAEES sk decursint

decursinol angelateE 312 Qlof gt axrt i vz

A Sole thdA 2EAE BHE A 9, SHdMe W8S F okew f8ah 2xol= A

S5 AA, A5 Bsdulold Az 1,619 E0] A= o] o7 A A}, A7 S8 L 7154 AFE 507 71y

oFGAE HA Are] 2.1%E AAHAL = FHERE o o] theketA o] &FH L UE FAoItHKim et al., 2014; Lee
d 3 2715 AR AFEAY s AR o] and Kim, 2001).

8513 Ath(Park et al., 2012; Park and Ahn, 2012). =3¢ olAH ks W ow BHE HFEL UAT v

gollA S Ak WA F 500 haoll Este] AW
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8] At} o] wet £HA AFES Apshe skl E 4

Fagt soFo] HE3k glo] B3| F-S WAsk=t ofEle
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YERHTHNAQS, 2015).

olg}gt A= fEueHE oz} AlAIH R WAL
de B ol sy fE W= FHF(United
States Department of Agriculture, USDA)= IR-4 project
AEE Aldste] 202 A0 25315 Bl 5 A&
Ko7 SEOM(Ahn et al, 2014), IYTHe] Minor
Use Programme (MUP), ¥¥-2] Assistance for Minor Uses,
9=+2] Extension of Authorisation for Minor Use 5 ¢J&]
F7l00N 204 A Ao 5ot 55 Shg sle ook
 Z2IPe $95HL ArhLes, 2013). St B
SRAFHO 424 2ol vl k] A4 Fo)e 9

3 AATES APt o, AFkEbdA A=
AAA A 2E 2Esete] i 2l oigh 2HRe &
NFEE AAsal e 28E BE 8| A4S A4
T UAEE sto] AHA Al Aol gt RsoRiAlE
s Ast7] flall 3223l Ach(Bae et al., 2012).

shA, Ol AW A ZHEQ] REAES] e Ay
o] X159} oS 3 FHAS ARSI g, A%
2oy gokA|e] faar wWol ARg3le] 19804, 6,380
EolA 2014300 75,649 Eo 7 Arkefo] 3] )8}
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Zof ARgsllof Stk (Noh et al., 2010).

AlE 59kl carbendazime benzimidazoleAl A-wA 2 1]
= DuPontA}d] 28] 19699 SEEUSH, benomyl2
OAMHE = sl th(Michel et al., 2003). AFAol|A] B2
3t benomylk> carbendazim® 2 H3LE] 7] wjFol] AtA]
22X 282 tHE carbendazimol] 2%k Ao = dEA]
AOH(Kim et al., 2008), FF4 FHO BN AHEo] F
olgEo] g E WlTh(Yu et al, 2009). Metconazoles
triazoleZd] 54 AHEA|Z(Cook et al., 2016) 71424,
A7FE, B 2 JFEY o Al ARSE L ]l
Bifenthrin pyrethroidd] A= FF/do] 3L W+
A7 WA o= Qs zhaAdo] Hojurkar deiA glow
(Sharama and Singh, 2012; Cho et al., 2010), U&7 A L,
Zujju] 2 B Ed 5o Ao ARS-EITHKCPA, 2015).

webA o] A= 7AF I F bifenthrin, carbendazim
2 metconazole®] ZH 54 Pk QM-S 7te
flate] sttt
R
ANE s

Bifenthrin®] ¥353(98.37%), carbendazim®] F3%(99.0%)
2 metconazole®] XFE(99.5%) EF Dr. Ehrenstorfer
GmbH (FY)lA Fdste] ARgsiion, 48 sofo R
bifenthrin 2% 3FA| (012}, o} 22]AER), carbendazim
< carbendazim+tebuconazole (12.5+12.5)25% 3534
(Bret, 73%), metconazoleS 20% N34l (AEE, &
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SR )S ARSI
AE =2 9 TE A

el BE AHEFA AH s eH, 1
Z 3= e BAHE AFSA %o oF 1097 A4 A
Z3 F 50°CY &3 GFAXTE 60AZF ARSI
&S A dslst & Adske WHoE AT
(Lee, 2011). A% B A8 AFHE 538k npydh
T 20°Ce] WA nasisi.
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Bifenthrin #5% 20.33 mg¥} metconazole % 20.10
oS 77 A7Fsled 20mLe] acetonedl] %°]3L carbendazim
TF 2020 mg 20 mLe] methanoldl] ¢ 1,000 mg/kg

8

i

Table 1. Spray frequencies and spray days before harvest of
bifenthrin, carbendazim and metconazole onto Angelica gigas
Nakai

Pesticide ~ Spray frequency  Spray day before harvest
2 30-21

21-14

21-14-7

14-7-0

40-30-21

30-21-14

30-21-14-7

21-14-7-0

Bifenthrin

Carbendazim
Metconazole

A A W WLWIW W N

9] stock solutions ZA|EFITh. ZAISE stock solution
0.05, 0.1, 0.5, 1.0 @ 5.0mgked] == 343 & ztz}
GLC-ECD$} HPLC-DAD % GLC-NPDel| F9jate] d&
chromatogram’d] T3 WAS 7|FEo = AFHE A8t
Act.

3)4E A FL FAg] G AF9 bifenthrin, carbendazim
2 metconazole®] EFENE AE Al 1009} 50uH2]
FEo 2 A T 2 T B wYs e =w
39 EAT8te] ksl
57 s 24

Bifenthrin

F 5¢S 300 mL tall beakerdl] ¥ 20 mLe] FHF
o-g3te] 30 B Fa5HeE § 50 mLo| acetonitriles
3250 pmellA] 3027 FE FE3em, Celite 5455
EFAA Sl 3 3 50mLe] acetonitrile® §7] 2
TS Mol o] of ezt gtsigith. oS 100 mLe]
E3}A Ao} 300 mLo| SFT7F S0 1L 2o Fol
%713 70 mLe] n-hexaneS 7F3t & Recipro shakers ©]
8-31e] 270 rpmollA] 1027} X3t W o= 23] s}
RO, n-hexane wHIN S F4- FAUEFOZ g3l
35°CellA 7ist F53te] BAE AlEE ARSIt 130°C
oA SAIZF o] &4ds)et Florisil 5g2 glass column
(1em LD. x 35 cm L.)ell 7124} S350 mL®| n-hexane
O =2 columng AAste] FYSIAFAT 7] FFAE ZAL
£ 5mL9| n-hexaned] =] column Aol 7Isle] Zain
2L & & SmLE dA&ste] FEud F 80mLe n-
hexanes ¢85t A A 33, 50 mLe] n-hexane:ethyl acetate
(95:5, viv) EFEM 2 bifenthring &3 § 35°C &4
oAl 72t FE3IATE 55 AlE= 4 mLY acetoneol] A&
8l 5lo] Table 20 Wi o2 FAI8IGAT)

offL,

o o

Carbendazim

7 5 ¢S 300 mL tall beakeroll ¥ 20 mLe] FHTE
o] g3te] 303 Ft F&3F ¢ F 50 mLe] methanolS %
31250 pmellA] 3027 FE FE3 e, Celite 5455

Table 2. GLC-ECD conditions for the analysis of bifenthrin in Angelica gigas Nakai

7890A gas chromatograph, Agilent Technologies, USA

30m L. x 0.25 mm I.D. (0.25 pm film thickness)

Instrument

Detector Electron capture detector
Column HP-5 capillary column
Temperature Inet 250°C, Detector 300°C
Flow rate Carrier gas (N,) 1.0 mL/min
Injection volume 1pL

Split ratio 50:1

Oven Initial 180°C increased to 280°C at a rate of 10°C/min, hold for 2 min




100 Mol - L35 - Ol - WEY -

S3AA Felodzt & & 50 mLe] methanolZ £7] ¥z
ARE Ao] gke] of el 3t ¢t V}i‘:} oj3}ll-S 50 mLe] 3}
*101/\9]' 100 mLe] =74 % 1N HCI 10 mL7} &9+

L B &7]3 50mLe] dichloromethanes 713}

—?— Recipro shakerE ©]-8-3t 270 rpmellA] 1027+ 28BS
= o 23] g & 7183 AlASIT. Eot
S 839 SmLe) 1IN NaOHE 37}5le] pHE oF 7.00
2 26k 50mLe dichloromethanes 7Fsh ¥ Recipro
shakerE ©]&38t 270 rpmollA 1087+ A= HHoZ
33] Eujtl e, dichloromethane HH]H-S F4= bt

EFOoR "ot 35°CoA At s5siY 55 AEs
4 mL9] methanoldll = Table 39] W OZ #A5I3Th

Metconazole
F7 5gS 300 mL tall beakeroll ¥ 20 mLe] FHFES
o]g3te] 30 % a3t ¢ F 50 mLe acetones HiL

l‘ﬁ

)
250 rpmel A 3027F & FE3H0H, Celite 5455 &34
AlA T g T 50mLe] acetone® §&7] 9 TS A
o o] ofelt Sfaieh. ol 100 mLe| X3 E
9 300 mLe] SRF7F 20I90E 1L ol 8714
50mL®] n-hexaneS 7}t —ﬁr ecipro shakers ©]-8-3}o]
o= 2Q "‘HH OI'M——
st 35°C°ﬂ
A A s=ste] ZAS ALESL ARG 130°CIA S

W

||:||I| . ZIX|R} . %# 747|/d

AlZF o) E4ds)ket Florisil 5 g2 glass column (1 cm LD.
x35cm L)l 74 FHg & 50 mLe] dichloromethane®.
Z column AlF3ste] YA AL 7] FFAE S
SmL2| dichloromethane®] %] column - 7}8te] &
A & &9 SmLS d&ste] SEMY & 70 mLe
dichloromethane:ethyl acetate (95:5, v/v) 380l E o]&
sl A3l 110mLe] dichloromethane:ethyl acetate
(70:30, v/v) E-8] 2 metconazoleS £&3F & 35°C 4
SFeM Y FFAT 5 AlE= 4mLo] acetoned]
A-&al5te] Table 49 WO & A 83Tt
oHMY "It

T T APt e U4 F 3-8 (acceptable
daily intake, ADI) thH] UUAFHF7 F(estimated daily
intake, EDI)?] %ADIZ ¥7}519ith dUdHFH e o
# et B AP 034 g5 FS F g
ole] PFAE 55ke0 2 LFIOM, %ADES of2)e]
215 o] &-ste] AHESIATHKHIDI, 2015).

AU HHFA HF(mg/kg-bw/day) =
;ﬂ” Eo]:(mg/kg) X 01 01 /\] —’- _-T/
55kg

S (kg/day)

Q] Q]

%ADl= ——=

100

o |z

_(_N,l

H 34 F(mg/kgbw/day)
5] & FF(mg/kg-bw/day)

e
e

Table 3. HPLC conditions for the analysis of carbendazim in Angelica gigas Nakai

Instrument Agilent 1200 series, Agilent Technologies, USA
Detector Fluorescence detector

Shiseido CAPCELL PACK C-18
Column

Mobile phase

Wavelength Ex.:280 nm, Em. : 310 nm
Flow rate 0.9 mL/min
Injection volume 10 pL

250 mm L. x 4.6 mm LD. (5 pm particle size)
Acetonitrile:methanol : 20 mM H;PO, (20:10::70, v/v/v)

Table 4. GLC-NPD conditions for the analysis of metconazole in Angelica gigas Nakai

Instrument

Detector Nitrogen phosphorus detector
Column DB-17 capillary column
Temperature Inlet 250°C, Detector 280°C
Flow rate Carrier gas (N,) 1.0 mL/min
Injection volume 1 puL

Split mode Splitless

7890A gas chromatograph, Agilent Technologies, USA

(30m L. x 0.25 mm L.D. x 0.25 um film thickness)
Oven Initial 200°C increased to 280°C at a rate of 10°C/min, hold for 5 min
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Zdn o na & 70-120%9] WIS TEetel WS AgstAva
= At

A o] EFEAES 7] w4 & de T3 WA HFOo|&M0 2 TR SY

S oldsto] AT FF HAFMY AN dee H|Z 54 ASAQ bifenthring} 3543 AFA19] carben-
Table 59} o] 24L& Fzsidict. dazim ¥ metconazoleS Table 13} 7Fo] A Slpe} A
dS gejst] Axg § 743 I T APsSY

HE 2 % sl=8 2 Table 79 #|A|5FAT. Bifenthrin® 2& 2|79 %t
T 5 A Fe] AE = Table 60l AAS whe} FFol AE Q] 0.04 mgkg FTHo] S ™, carbendazim
7ol B 0.04 mgkgel o™, AZ A1) 1089} 504 9] 3} metconazole®] 73-F-ol= 247} 0.14-0.499F 0.19-0.26 mg/
FEM AlFE D9 F bifenthrin?}t  carbendazim 2 kgol AZHATH HIZTEA Foke dxd & 254 #3¥
metconazole®] 3582 ZHzb 79.9-85.5¢F 79.8-81.6 of 2o} ZFsA EHH, IFolPA s Afdle

§] b R |
72.8-82.6%°1UT}. o= F&ZEH (2015004 daLgt 3¢ A=A o] Yo} B aRE T o|afEo] F2 AEA
Halo] 9JsiM AAEEE ZR7|7Re] A e A5

1) : L0 HNEX] O
Table 5. Linear equations of the test pesticides for the 7F T (Son et al, 2012). et bifenthrin FFg°] §1

quantitation of the test pesticides in Angelica gigas Nakai o] AY ¥ T Wy7kA] o3 E)R] k9kor} carbendazim
Pesticide Linear equation e 7} metconazoleS IFA FLOEH AXxF T Mayx|
Bifenthrin y=3108.3394x+61.5963 0.9999 I oladE o] ZFSH A o2 AAEIT) ©]= Noh (2016)
Carbendazim y=1.8994x+0.0993 1.0000 o] BEgEst AHEe it F s AFEA AN
Metconazole y=53.0431x-2.3035 0.9997 bifenthrin® 2d23} 332 A4 5 Ha AFHol A &

Table 6. Limits of detection (LOD) and recoveries of the test pesticides in Angelica gigas Nakai

Pesticide LOD (mg/kg) Fortification (mg/kg) Average recovery (%) SD? CV? (%)

. . 0.4 79.9 4.9 6.1
Bifenthrin 0.04

2.0 85.5 3.6 4.2

. 04 79.8 54 6.8
Carbendazim 0.04

2.0 81.6 0.8 0.9

04 82.6 2.8 3.5
Metconazole 0.04

2.0 72.8 1.2 1.7

9Standard deviation, Coefficient variation

Table 7. Residual concentrations of bifenthrin, carbendazim and metconazole in Angelica gigas Nakai

. Concentration (mg/kg)
Pesticide Spray day before harvest s
Rep. 1 Rep. 2 Rep. 3 Mean + SD”
30-21 <0.04" <0.04 <0.04 <0.04
i i 21-14 <0.04 <0.04 <0.04 <0.04
Bifenthrin
21-14-7 <0.04 <0.04 <0.04 <0.04
14-7-0 <0.04 <0.04 <0.04 <0.04
40-30-21 0.13 0.14 0.14 0.14+0.01
. 30-21-14 0.23 0.25 0.25 0.24£0.01
Carbendazim
30-21-14-7 0.27 0.30 0.28 0.28 +0.02
21-14-7-0 0.47 0.52 0.49 0.49+0.03
40-30-21 0.18 0.19 0.19 0.19£0.01
30-21-14 0.24 0.22 0.23 0.23£0.01
Metconazole
30-21-14-7 0.25 0.27 0.26 0.26 +0.01
21-14-7-0 0.24 0.23 0.23 0.23£0.01

9L imit of detection, ¥standard deviation
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b A2 Tell A 0.14 mgkg, T 14244 33] Ax AT
olAl 024 mgkg, 5 7¢H 48] Ax ATFAA 0.29
mgkg® E A2 Sl Wil HF oA Axdo] 7 oA
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(Moon et al., 2016)°14] At 5 fluquinconazole®] %
o] flusilazole®] ZHFFHT}F 48] AT =& AL AF F
fluquinconazole®] ¥#] flusilazoleX t} F 4uf7} o} Hf
B o] AR EHQ| wiFolehs Bae) fAFSIITH

o &t

Z 2 AE ofd] 5 oMY A|Zo &FE HI
FF F carbendazim®| oFA| Ax G 233 A5} 5
g AL AHFe A8 HFF HRFE 7 0474
0.27 mg/kgS 2 °HA A FAd A oiH] £ 4L A
B T A oF 43%7F ZAsTh Seo (2005)= Al
Au) 2N A T carbendazim®] 7] Rk} <A
A 14 O] ARES v S v A ES 7T
vl 7t} 94583 95.04%0]90 oM, A A 2 A oF
A AT 10Y F9 RS 27) ] 94087 94.81%
7} A EIT B UEITE 3k Kim et al. (2008)2 A
AN Aol benzimidazoled] 52k EajEA AT
A 243 F carbendazim®] A AE 2A]7F 59
49.73 mg/kgel o™, oF 59 Fol= HFd &7l 5Sme/
kg PIRko = 7HAsldckal Wk vl ok, o]e} ro] 2HE
= 243) B8] 2 A EE carbendazim®] S w&ol 2+
Fgo] W Zo2 A
Metconazole®] 739 9FA| AL A A5} 78 o
1539 Ha AR 0237 026 mgkgo 2 719 A
0|9 o™, carbendazimIe Aoldt A3E HAT} o]
Q14tell Tt triazole”] EoFe] HRSl871E A AT

>~

rr

Table 8. Ratios of the nominal amount sprayed and residual concentration of carbendazim and metconazole in samples collected 3

hours after last spray

Nominal amount sprayed

Residue concentration

Pesticide (kg a.i/10a) Ratio (mg/kg) Ratio
Carbendazim 0.025 1.9 0.49 2.1
Metconazole 0.013 1 0.23 1
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Table 9. Safety assessment of the test pesticides in Angelica gigas Nakai

i i ADP? EDI?
Pesticide Spray day before harvest Average concentration EOOd daily %ADI?
(mg/kg) intake (g) (mg/kg-bw/day)

40-30-21 0.14 4.76x107° 0.1587
. 30-21-14 0.24 8.16x107° 0.2720

Carbendazim 0.34 0.03 i
30-21-14-7 0.29 9.86x10 0.3287
21-14-7-0 0.49 16.66x107 0.5553
40-30-21 0.19 6.43x107 0.6460
30-21-14 0.23 7.82x107 0.7820

Metconazole 0.34 0.01 -
30-21-14-7 0.26 8.84x10 0.8840
21-14-7-0 0.23 7.82x107 0.7820

9 Acceptable daily intake, “Estimated daily intake, ?(EDI/ADI)* 100
oA elit = metconazoleA ok AFE A7} T 9} 50‘” ke ZtAbel 2

>~

|59 ZFHE 7157 AP FA BT 0.02 mgkgo] AL

o, Wi M%OW 0.037 0.02 mg/kgo & H|&=3F £33
Btk ZAdet fAIITHAN, 2012). %3 AR F
triazole”] AHetA| diniconazoleZ} metconazole®] ZHF%d
Ao gabd Al = diniconazoled RH71E 71F% A
27} 33] Ag|grellA Z4zF 3.993 479010 0™, met-
12.642 13. 3°‘E metconazole®|
717 o 7 208 HatE bl

conazole®] 73Fol=
diniconazoled] H]3}e] ®
AHKim et al., 2012).

orMM "It
Gtk Aldweke] HAdS Hrtslr] st Y
AFHE ] dYdHFEE] %ADIE AHEs 435
Table 99 Zﬂ/\] 3t} Carbendazim®] %ADR= 0.00004~
0.00014%¢] 32, metconazole®] 7-F- 0.00017~0.00024%
o2 B3 F 1@%‘%@ %ADI= 43| S FEole
H, ol GHA7F I AdFH 2Fo] ofoix U FH Fel
T2 2o sl AtiF o= w7] wiFo|ztal A= AT
w2bA] carbendazim®} metconazole A AXE Fd 43
A RS ETeheto] E AT %ADI7t 0.0003% PR
o7 AldEet that B9 dRaEe Al g A
02 HrkE T} Park et al. (2015)2 2010358 2012
T MEA FIEmAE W RE E & B9

4 063Zﬂ, 2} 2 2487df EH*LE’ x}%ﬁggr—g BAE o

747# 0.0034 0.001%i EANH AF @Aoﬂ Aﬂ Sk
o] Yokt Btk FE3L Do et al. 2010y 200613
B 20108714 AW 4% FAF 33FE, 2,558
oz 7FEeF HalHsE 23S A3, metconazole]
%ADR= 2% 0.9% w|vro 2 Qbdgh o)ty Hvdh
L=

il

2 ATE 201495 w235 £9ATIA 9
] ZL(PI010359)el o3l Y=o, o] AL
=YY
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&3 Z bifenthrin, carbendazim, metconazole®| &7 SN I otMM T}

HollE - =S - O|ME - W& - MoK - HTR - B5Y - HI|Y+

2 o AWA Au ZE2 T = bifenthrin, carbendazim 2 metconazoled] ZHF EAS FHE Y S
7Vl flste o] AFE FHIATE A1 e FEA oA Ax g 3GE gElst] AE o, FHF A
AE FAT 75 Lol A EE AHFHEAT B T AR F] AEHAE BT 0.04 mgkgel Ao, 3T
72.8-85.5%% %3 &th 9 F HIAFA H bifenthring] FFHE BE A2 TolM A& nlgho| ot
A5EA 59 carbendazim?} metconazole 247+ 0.14-0.49 2 0.19-0.26 mg/kg®] AEE Y] B F Al &
Foll HAFEA ofFo mgt YIS W Ao Z FAE T 3 carbendazim¥} metconazole?] TS A 3147}
W o) olyste] A¥ 2 £o Agko|dtt. oA A 347 & carbendazim®] ZHFHS metconazole T
FEkol oF 2.1 =9kt ole HF A Axdol o]22 o7 AEH Fo] %S carbendazim®] metconazole]
oF 1.99] =7] WlFoE HeEH, o2 Ayl Ay gdo] AFEe] vHgo] FASIATE S| A o
AT A8 g 58 AL AT AR FFHES WA S Wl carbendazim¥} metconazole> &
Ao AHAS AE T FHFEe] AAaS AEgeldt. T T Al e ddAFsEH Un] dLFFFHFL
R 0.9% "REe 2 B3] 5 carbendazim®} metconazoleS OFAEE 250 2 HI1E|QITH

MO0 AAHASN G, B, 27 oF, 4 B
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