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Abstract This study was carried out to investigate the residual characteristics of mixed fungicide of
carbendazim and diethofencarb among Schizandra chinensis Baillon to use it as primary data for safe use
guideline. The pesticide (carbendazim + diethofencarb wettable powder, 25% + 25%) 1,000-fold dilution was
set on different pre-harvest treatment days in the groups, and samples were collected after foliar spraying
three times with an amount of 3.94 - 3.97 L/10 m® The collected samples were processed through a hot air
drying process, and pesticide residues in fresh samples from the treatment closest to the harvest date were
analyzed to calculate the processing factor of the test pesticide. The method limit of detection (MLOD) was
0.01 mg/kg for two pesticides in dried or fresh samples. The average recoveries of carbendazim were 82.2 -
101.9% and 96.4 - 109.7% in dried and fresh samples, respectively, and those of diethofencarb were 98.8 -
103.2% and 95.7 - 101.5%, respectively. Residual amounts of carbendazim were 2.40 - 46.04 mg/kg in dried
samples and 7.30 - 7.88 mg/kg in fresh samples. Residual amounts of diethofencarb were calculated to be
0.29 - 24.56 mg/kg in dried samples and 3.80-4.31 mg/kg in fresh samples. The processing factors of
carbendazim and diethofencarb among Schizandra chinensis Baillon calculated using the average residual
amount before and after drying were 5.76 and 5.54, respectively. The %ADIs of carbendazim and diethofencarb
in chizandra chinensis Baillon were less than 0.0243% and 0.0009%, respectively.
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SheltEE Table 139 2tk A& 24 Aol AR
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sodium chloride, 1 g sodium citrate tribasic dihydrate, 0.5 g
sodium citrate dibasic sesquihydrate)y2 -uj3lo] AR5}
o & 2 771 Al AREE o] &= Merck
AHDarmstadt, Germany)2] HPLC grade acetonitrile, methanol,
waters AMES1oH, o] 5 ZAol ARE-SH formic acide}
ammonium formate= 22} MerckAH(Darmstadt, Germany)
9} Sigma-AldrichAH(St. Louis, U.S.A.)¢] &S Fujjalo]

Table 1. Physico-chemical properties and structures of carbendazim and diethofencarb

Pesticide Carbendazim Diethofencarb
HsC™ 0
Chemical >\—OCH3 HC._O O CHg
structure L
N® "O" "CHg
H
TUPAC name Methyl 1H-benzimidazol-2-ylcarbamate Isopropyl (3,4-diethoxyphenyl)carbamate
Kow logP =1.38 (pH 5), 1.51 (pH 7), 1.49 (pH 9) logP =3.02 (25°C)
Vapor pressure  0.09 mPa (20°C), 0.15 mPa (25°C), 1.3 mPa (50°C) 9.17 x 10° Pam® mol™ (calc., 25°C)
Molecular
weight 191.2 g/mol 267.3 g/mol
In water 29 mg/L (pH 4), 8 mg/L (pH 7), 7 mg/L (pH 8)
(24°C), In methylformamide 5, acetone 0.3, ethanol 0.3, 0
Solubility chloroform 0.1, ethyl acetate 0.135, dichloromethane In water 27.64 mg/L (25°C), In hexane 1.3,

0.068, benzene 0.036, cylclohexane <0.01, diethyl ether

<0.01, hexane 0.0005 (all in g/L, 24°C)

methanol 101, xylene 30 (all in g/kg, 20°C)
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extraction packet (4 g magnesium sulfate anhydrous, 1g
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7F 712 A" A9 FE3 A5+ 3,500 rpm, 4°C
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Table 2. Spray day before harvest of carbendazim and diethofencarb onto Schizandra chinensis Baillon
Pesticide Spray times Spray day before harvest
3 40-30-21
Carbendazim 3 30-21-14
+ 3 21-14-7
Diethofencarb 3 17-10-3
3 14-7-0
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Table 3. Instrument analysis parameters of carbendazim and diethofencarb in Schizandra chinensis Baillon

HPLC conditions
Instrument Agilent 1200 series (Agilent Technologies, USA)
Column Poroshell 120 EC-C18, 2.1 mm L.D. x 100 mm L., 2.7 pm (Agilent Technologies, USA)
Flow rate 0.2 mL/min
A: 0.1% formic acid, 5 mM ammonium formate in water
. B: 0.1% formic acid, 5 mM ammonium formate in methanol
Mobile phase . . . .
Carbendazim A:B = (65:35, v/v) isocratic 5 min
Diethofencarb A:B = (30:70, v/v) isocratic 5 min
Injection volume 1 uL

Retention time

Carbendazim : 2.4 min, Diethofencarb : 2.6 min

Mass conditions

Instrument Agilent 6410 triple quad, Agilent Technologies, USA
Gas Temperature 300°C Gas flow 11 L/min
Nebulizer 15 psi Capillary 4000 V
Scan type MRM mode Ion source ESI(+)
MRM conditions
Pesticide Precursor ion (m/z) Ionization Product ion (m/z) CEY
) 160.0 20
Carbendazim 192.1 [M+H]*
132.0 35
. . 226.10 5
Diethofencarb 267.3 [M+H]

181.1 15

ICollision energy

2% 5 s 7HAIF (Processing factor, PF)= &
ToFe] AFHH 7HEE & woFe] HRTF

A
HE Yehlle ASZ(Kim et al, 2020) 7FAG AFEE

7+ A4 (Processing factor) =
7t E T 5o 2 FHmgkg)
A8 F FoF 27 FHmgkg)

orMM "It

QW|AF 5 carbendazim®} diethofencarbe] oFHA H7le
T T e fEid 7k flEl ARgsle 99
#3]-8%F(Acceptable Daily Intake, ADI)THH] L U4 %54
&F(Estimated Daily Intake, EDI)?! %ADIZ H7}3}th
(Park et al., 2015; Ryu et al., 2018). ¢LHAFAZF 3
=21 FHAF(60 kg) tiH] Al@soFe] HHFEret 4

9] dd A ZFH(Maximum Daily Dose, MDD) H|Z AF
ek oAt dAHH TS ARIGEEA ] HFE
WHAAFS 7= kA Wbl ARE-8FTH(KHIDL,

SESPS _:‘F]_%;G ZF(mg/kg-bw/day) =
(m g/kg) x el A _'4 Ek(kg/day)
6&5% 21 5+ A F(60 kg)

gi i
o&‘i

%ADI =
d U H #HF4 F(mgkgbw/day)
d A A 3] & F(mg/kg-bw/day)
23 9 1#
=MH H3
AlgEFe] matrix-matched EF8H& A5l A
< AzvtEafde] MAS Vo R AE REH T
e 099 ode = B FSsiglon, frke] A4

4
23} FAA G Table 49} 22t}
Agserel B B
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2% 0.0l mgkgl 2 1}
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Table 4. Linear equation of the carbendazim and diethofencarb in Schizandra chinensis Baillon

Pesticide Sample condition Linear equation r
) Dried y=1673310x — 58.15 0.9946
Carbendazim
Fresh y =1670760x — 2710.3 0.9989
. Dried y =828265x +1615.3 0.9944
Diethofencarb
Fresh y=1617750x +259.83 0.9996
Table 5. Recovery rates of carbendazim and diethofencarb in Schizandra chinensis Baillon
. . Fortification Recovery rate (%)
Pesticide Sample condition
(mg/kg) Rep. 1 Rep. 2 Rep. 3 Mean + RSD?
0.01 80.2 86.7 79.7 82.2+4.74
Dried 0.1 103.3 104.6 97.8 101.9 +3.54
) 5.0 101.0 95.5 92.7 94.6 +4.37
Carbendazim
0.01 112.2 109.4 107.4 109.7 +£2.19
Fresh 0.1 92.1 952 103.3 96.9+5.99
5.0 98.3 96.0 95.1 96.4+1.70
0.01 104.3 102.4 91.5 99.4 +6.93
Dried 0.1 105.6 105.4 98.7 103.2 +3.78
i 5.0 95.8 106.6 93.9 98.8+6.91
Diethofencarb
0.01 101.2 100.4 103.1 101.5+1.40
Fresh 0.1 100.8 100.9 99.9 100.5 +0.55
5.0 96.8 97.0 93.4 95.7+2.10

“Relative standard deviation

O™ carbendazim 3& AE A7 7441_/\]‘301]/\1 82.2-
101.9%, A BANHNE 96.4 - 109.7%2] H3FeS Ve
WAL, A= 5.99% ©]st2 A5 AT, Dietho-
fencarb 35& NP4 AZNFAA 98.8 - 103.2%, A
M= 95.7-101.5%2] B34S YeRNL, A
ETHARE 6.93% ©l3tE AFEE UTH(Table 5). ©]Hg 2
;,H:_ }EiOk /\]aﬂ,] z4x4 §]/\° HLor]o 70-120% gg Al—

REFAA 10% olhe) Aoz B A7olN g A5k
o WFFS Bl AEF Pyelst BeE

(NIFDS, 2017).

20Xt & A sYe I & %é

omap A F 3 A A2dE tEA st Ax
3l Alggeke] ZRERe Table 6ol YeR)RIT). Carbendazim
o 78 2194 33] AE|Te] W RS 2.50 mgkeS
2 7P S e, 3 0d7l 33 AzlTolA Hd
272 43.80 mgkgS-2 71 =4 YERTE Diethofencarb
T8 2194 33] Hz|ollA Het 0.36 mgkgS Z 7 B
A UeRgon, 58 0dd 33 xz]7olA] 2223 mg/kg&
Uelo] BE XHET F 7P A AZHA F A
ok T X Lol FEU| 7k A2 FellA %QF
o] FHFol A AEHe AS Ikt Jeong et al.

rl

) l‘ll‘

(2017)9] AollA B9 Al F Al carbendazim T
Ao 7k E A4 HRehe e el 23S
RIS Y. A& 5 Al mandipropamid®} metalaxyl-M
o] ZHF AFolA AEx U 78U Mo FErE I
go] =7 vehdthal A5 A7 BarE i (Jeong et al,
2020). Noh et al. (2012) Sl4bAul 3ol A AdA azoxy-
strobin} difenoconazole X 3157 BE4E, ofA| A
gdo] Fgof 7erE = AREe @4 YR
oFAl M do] el FES vHItkaL Bsrh. Qo]
z+e] Aul F AgA isopyrazamS AE Sl7F B3 HE
AE T FEA7A Y AHRLFTE HETE =2 ARTE
Uepdthy B 731 tH(Han et al., 2013). o]2]3F A3 A
AFet 2 AFolA Yepd At 5 AstA| carbendazim
3} diethofencarb®] 75732 HISsd &S Uehlo
3 A AE A7 AR 2 Bk AFHS A= =9
&k Qe deE T

FY3t A FAA carbendazim$} diethofencarbe] ZHF
FS Y 2EIS u carbendazim®] AFFo| diethofencarb
o] AFFRG = Uehte 2AS I F U oy
gk A= Lee et al. (2018)°] A2l 719] 5 carbenda-
zim®} diethofencarb E3A| ZFo|A] Uehd Axfel= vt
e Foldnt. A= AlAAE 71919 HlwEtS o

u

o
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Table 6. Residual amount of carbendazim and diethofencarb in Schizandra chinensis Baillon

. . Residue (mg/kg)
Pesticide Sample condition Spray day before harvest

Rep. 1 Rep. 2 Rep. 3 Mean + SD?

40-30-21 2.40 2.71 2.40 2.50+0.18

30-21-14 13.52 14.43 12.76 13.57+0.84

i Dried 21-14-7 23.07 23.13 26.62 24.28 +2.03

Carbendazim

17-10-3 35.58 30.71 34.15 33.48 +2.50

14-7-0 40.21 46.04 45.15 43.80+3.14

Fresh 14-7-0 7.30 7.88 7.66 7.61 +0.30

40-30-21 0.40 0.39 0.29 0.36 +0.06

30-21-14 3.10 3.93 3.44 3.49+042

i Dried 21-14-7 8.42 10.18 10.54 9.71+1.13

Diethofencarb

17-10-3 20.08 19.58 17.75 19.13+1.23

14-7-0 20.36 24.56 21.67 22.23+2.20

Fresh 14-7-0 3.92 431 3.80 4.01+0.27

IStandard deviation
A Aol 5% ARER] A, ole T ¥4 Al Axematet A omat T AldFoe] AR
fglo] Fofe] bRkl AA YIS FUS Ao Adts) AL A4S ol dot] T ATE A 2, 7
ATk A FAG 9] 7Rl wEW 40U7ke) T A§Y) 04 33] *2]Fel|lA carbendazim®] FHFHS AZOwW A}
7F F ASE 7B G 27¥019 4Y AW 1719 o)A <+ 43.80 mg/kg, A FIAMIIA 7.61 mg/kgl 2 LFE}
mm, & 746.6 mme] 7S 71E3IT) ol X9 A %3, diethofencarb 7AZ QUM HF 2223 mg/ke,
Z % chlorothalonil?} imidacloprid

o] ZHFEF Wsl AeM AIF7IE F 47 fldleel=
B3 A A e AREeF A 2 A9 Hgloz
ol& 5 Aul A ot JFoz

102 BMET(Lee et al., 2006). =

LN

7ol
=

[e}

o

A0l o3k AR Aol® A&

|85k = 2 &8 7= 38H4¢
°FO 2 carbendazim pH 4°l|4] 29 mg/L, pH 7
8 mg/L, pH 8914 7mg/LE pHoll 2|3+ &aj= zlo]7}
diethofencarb= &9 g 83|== 27.64 mg/LZ LA
A (Tomlin, 2006). T2y} =8 TA] HlE A= FA9
w2H AP x2gT} 7R 1S tlt] 2020 Hl=<] e
A== pH 5392 7]E5 o] (Statistics Korea, 2020), car-
bendazim®] 7% 8-29 mg/L Ate]e] S EE YERASIS
Aog FZE

>~

540l

off

rir

3L,

TEEHY Y HRSY VIBAF

7t BYZRALE 55°C, A HEC GEAZ T oA}
o] FRehERS 243 A 78.5+4.1%2 YERITH AX
QuRte] A FE FE 50-80°C EF AZXE 53| o]FoR
T 4 A Jal(Park et al, 2013), 0|23 7HEAE S B
3 Ssle o] IS FAE 5w IR s 2
A3k Bo] ke A7 B IATH(Lee et al., 2010).

FEeke A =S S8 FEdo 7 e

A Qom At 4.01 mgkee] Bt FHFEFS eI 9
A3E vlgo g2 4k=3t carbendazim®] 7HEAISFE 5.760]
3, diethofencarb?] 7F5-AlFE 5.54014t}. o3k A=
QuAF I3 Ax F A W oF 78.5%9 FE Sl ot
2t ok S5 e o E AdE

Im3} Ji (2016)= =9 ZHF-5oF 7FAIF AollA] 21

Zo| Bk A, 72, TeF Y QTR /1AL
S s B FL S SERETICE SENEE

A AEE Azl o] Fopdio] 55kl
B3k}, o]s} o] Fofo] WFHE w=S AXIIUE
m 7 FAkEe] ARl =2 JHE f5E
miol 7hsEatEel tiaiM e Rk 7R Als Al A
7H A 8s] Bk ojoF & Zleld.

OtMM T}
omz}e thgt carbendazim®} diethofencarb®] <SHAA
H7HE Q3 I dAdHHFIHE o] 835

%ADIZ AF=3F1tH(Table 7). Carbendazim®] %ADIR=
AZA A 0.0014-0.0243% 53013, A=
0.0042%% UEFST} Diethofencarb®] %ADIE A 89
A1 >0.0000-0.0009% <=0l aL, AAAIF A= 0.0002%=
YERTE om2t F T AEEoFe] %ADIE o 0.02432
- W FFEORE RIS FAO/WHOAM = %ADI
7F 10% PRl 739 2HR-soke] flagdoles & £A71 8l
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Table 7. Ratio of EDI and ADI of carbendazim and diethofencarb in Schizandra chinensis Baillon

i EDI? ADI”
Pesticide Sample Spray day Average amount  Food daily %ADI
condition before harvest (mg/kg) Intake (g) (mg/kg-bw/day)

40-30-21 2.50 0.00001 4.17x107 0.03 0.0014

30-21-14 13.57 0.00001 2.26x10°¢ 0.03 0.0075

. Dried 21-14-7 2427 0.00001 4.05x10° 0.03 0.0135
Carbendazim

17-10-3 33.48 0.00001 5.58x10° 0.03 0.0186

14-7-0 43.80 0.00001 7.30x10° 0.03 0.0243

Fresh 14-7-0 7.61 0.00001 1.27x10° 0.03 0.0042

40-30-21 0.36 0.00001 6.00x10°® 0.43 0.0000

30-21-14 3.49 0.00001 5.82x107 0.43 0.0001

. Dried 21-14-7 9.71 0.00001 1.62x10° 0.43 0.0004
Diethofencarb

17-10-3 19.13 0.00001 3.19x10° 0.43 0.0007

14-7-0 22.20 0.00001 3.70x10° 0.43 0.0009

Fresh 14-7-0 4.01 0.00001 6.68x107 0.43 0.0002

JEstimated Daily Intake

®Acceptable Daily Intake

ot e Q17] wiEell(Lee et al, 2019) ¥ AFtollA
A)3iseke] omjalo) thEt ARz okAdE How 1
GE AT gk QWA g AFAEH vlast] AHE
o] yro} AoldF&o] YA Uehd Zog AlgHH. o]
g AFE 3l TRl e FE] Ae AHEHG
TFAT T Tdst 8]lEe] A W7 B MRLAA

2 A7 20204 FETH FHHATEA AN
3 : PJ01527905)] A-/HEE] X el oal] =S
olol] ZAL=HuT}.
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RQO|X} & carbendazimi} diethofencarb =gHAXC| FHFEM

HET - HUD - A - olxE - 0 5Y

o
Al Aedestdrd dheEd, 'Sdsd e ARt st

2 o E JAFE 2o MAE AREEHe FEQl Qu|RKSchizandra chinensis Baillon) % carbendazim3}t
diethofencarb E3Hat=#A1] HREAS FHsla, K-S H7iste] HAE 718488 A% 71248 R &8st
A )=tk A1 E9F (carbendazim + diethofencarb =814, 25% +25%) 1,0008] 314 9& xe]rd & 428 2
oFA Aelde HEAl Agete] 3.94-3.97 /10 m*e] SFFO R 38] YUAE § MRS AFsIA. AHAT AEe
HZF AxHEE AA AR 24 § A8, AFEe] Al A Sls g g IS
Ao A E F ks BT 7 AlEsere] A e B 0.01 mgkgSE AREHAU
Carbendazim®] Ht 3582 AZA| 59} A EA Z+2F 82.2-101.9%, 96.4 - 109.7%°]1 3, diethofencarbe] 3
&2 717 98.8-103.2%, 95.7 - 101.5%% YERSTE Carbendazim®] R AZAIFIA 2.40 - 46.04 mg/kg,
AR F A 7.30 - 7.88 mg/kg= VFEFEOH, diethofencarb®] {72 1A BolA 0.29 - 24.56 mg/kg, BAEol|A]
3.80-431 mgke= YERTE 7k A 7R 9] Wi AFHS olgste] &S QvRk F carbendazim¥t
diethofencarb®| 7FAlITE 22t 5.763} 5.540]AT}, 2P|AF 5 carbendazim®} diethofencarb®] YU A 5] 82 thH]

AAHHFAHZHLE 242} 0.0243%9} 0.0009% ©13F2 e

Aolof  onah, FHITH, Tl EATHE, A, sk
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