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Abstract This study was conducted to investigate residual characteristics and to evaluate safety of
mandipropamid and metalaxyl-M in minor crop used as herbal medicine Cnidium officinale Makino. The
pesticides were sprayed three times with a dose of 200 L/10 a at 2,000 fold dilutions with different treatment
dates before harvest. Harvested Cnidium officinale Makino were dried following custom processing. Pesticide
treatment samples closest to the harvest date were analyzed for residues in fresh samples to calculate
processing factors. The method limit of detection (MLOD) was 0.004 mg/kg for two pesticides in dried or
fresh samples. Average recovery rates were 89.7-95.9% and 96.6-111.1% for mandipropamid and metalaxyl-
M. Mandipropamid were detected in the range of 1.462-2.427 mg/kg and 0.515-0.542 mg/kg as dried and
fresh sample, respectively. metalaxyl-M residues were shown range of 0.020-0.443 mg/kg and 0.097-0.141 mg/kg
as dried and fresh sample, respectively. Residual concentration of mandipropamid and metalaxyl-M in the
crop was increased as spraying more closer to harvest day. Also, The dried sample showed higher residual
amount than the fresh sample in the same treatment. The processing factors of mandipropamid and metalaxyl-
M were 4.36 and 3.52, respectively. The %ADIs of the two pesticides in the crop were less than 0.8%.
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A (Cnidium officinale Makino)2 A 3}ol| &3l= th
WA 2E FEAEZA AEHdE AMEsi Edd 44
o F7I7F fAEE 71exdel Ads Ay xzdeltt
(Kwon et al., 1997). g, 5=, U2 5 FoFA|o} A9
Rk glom, vt e AE Bkl d4, AeE
Az B, S5 A 5 SET AR RN F=2 A
HlE 7 QTHPark et al,, 2002). EEEAAER ZAL] o}
29 20189 7] Az AHAS 116 haolH, Ak
1,014 E22, o2 A A4 11,715ha 5 1% &
S5 ARt Aok dF2 WEE Axste] T2 )
2 olgyed ZAdE ARE 12% T8l AL (Lee
et al., 2002) cnidilide, ligustilide, neocnidilide, cnidiumlac-
tone, buthyl-phtahlide sedanoic acid 5°] F2 F84J%E]
2} 44 A th(Kobayashi et al., 1984). ol B,
g, A, A, F5, 2501 59 #o] 9l o
FolA ol&H= v T8% AFEEEoItHLee et al, 1990).
g FEENME Tt dwads Yepdte Bt
Ao (Jung and Lee., 2007), FZE 2}, 25 % WY

S A AA71525e] 8 982 ARE oI
olg} 7o) tpFsHA olgEe= A Al 3€d 1=
3 2 3] 108 skeolA 119 Aol 8shs 7o) 4
4 o] CHGBARES, 2012). Az& Au 7]7ko] 71 ZE=
A BelE Y $E7F A, g AE Ae)zt
‘o] ZA|/do] "oHth= o2 FoF Alx 3|A
71938taL Slof Mg A & WAske WelE
AHE7Fs e ke S wlg- AlgHE el o
I e AWA AES Alste sTtAME
o] =g Bl WalS-S WAsk=t o
T BEo g 013 24
A Hale] A7) 2HE EH9 A,

o] glom, ol Tt A5L HAAT|e
Fgh AN FrhlM e vlsd WAl a9E 7t
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odt}. Ahn et al. (2013) FUolM F55He FEAES
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b
L PIE S Ee] AHECR QIR BT ok
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|7)F
[¢ L =
2ol 5 AEHE Basisinh B3k A 3 IE YO

TEEe gl 55 o R hixt 989 FHrseF =
A, Aol TRl wokol v AE
AL, 53] AFoM HAEE sk tFE 7E mdA
% UTHKim et al., 2012). o]+ k&2
A = A AR B
1 okl S5 et 7 5400 o
s Jaste] PdAdS gHsjof & Zlojr
TANE AT T =W WAIE AT Al 2%

P

off ot

Syngenta At A 7'¢E madelamider] AHAZE IF 5 F
AR Q1A 5 FEAES] mariF 9 o 9 XER]
A7} 9-5te] de] ARSI 1o (KCPA, 2018), M+
o] AP} LS Aalfste] Eape] P ol s JAlsk=
Zio] 2&-7] 2k th(Tomlin, 2009). Metalaxyl-M acylalanine
| A2 Ciba-GeigyAlell ©J3l] 19790l H%2 55
o AR7HA] AHEE AL A= ZFold g A=A R Fofo] &
o FoldiEe] ofa ¥ oo 3dE yehit
(Tomlin, 2009). F-2lyetelr = w5, F7AA & Fik=
A =t RS flEl, AAE A 5 FEAECIAE
o1 o] whA|of] AR-% 3L ITHKCPA, 2018).
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g 52 mandipropamids} metalaxyl-M2] FFE->
Dr. Ehrenstorfer GmbH (Augsburg, Germany)ollX T3}
AL, T AFEF] 72 ¥ =Estetd 542 Table 15}
2ok Ale] HAe] #gel ARE-§F QuEChERS kit (4g
magnesium sulfate anhydrous, 1g sodium chloride, 1g
sodium citrate tribasic dihydrate 2] 0.5 g sodium citrate
dibasic sesquihydrate)= Phenomenex (U.S.A.)°IA -uji3}
of ARESITE AlRe] 7171EAlel ARE-E  acetonitrile,
waters= Merck (Darmstadt, Germany)2] HPLC gradeS+
S ARgskslen, Leo] olsdol AREE formic acidt
ammonium formate= ZtZ} Merck (Darmstadt, Germany)<}
Sigma-Aldrich (St. Louis, U.S.A.)2] A|FS o]-8315

AL FoFO ZE mandipropamid 22.59% d3}HA
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Table 1. Structure and physico-chemical properties of mandipropamid and metalaxyl-M

Pesticide Chemical structure Mole_cular Vapor pressure Kow Solubility
weight (mPa)
't
o | 4
Mandipropamid me©[° 411.9 = 9'4(3510%) mPa logP=32  Inwater 4.2 mg/L
Cl © o]
~
|
o_ 0
T8
Metalaxyl-M 279.3 33mPa(25°C)  logP=1.71 In water 26 g/L

Table 2. Spray day before harvest of mandipropamid and metalaxyl-M onto Cridium officinale Makino

Pesticide Spray times Spray day before harvest
) i 3 60 - 50 - 40
Mandipropamid
3 50-40-30
3 40-30-21
Metalaxyl-M
3 30-21-14
(&3EH : YulL, AAEsE]ohst matalaxyl-M 12% 735} g8s] Aol floF e 2o IFAET F A5
ACHER - BEEEE, sAAVZE)E ARSIt FAE Aot B FRIEFS S48l

Y MY 9 9N iﬂl

APZES AFEFTE - ¢S A
27 3l 530 mel ] ]??l A AR
A =R E2ZANA FREA 2] A E 10 m?
(1.0m W, x 10.0m L.), =427 20 m (1.0 m W. x 20.0
m L)Z dAs1950H, &8 AAUE= 35 cm x 35 cmO|
Atk M)At oA AHUER 3uHE v el o zhzt
o] AT Abelele 1 mé] ¢57& AXsle] WA HS
WEA] B3I T

T AP A= 8 A MY S tEA A
3] a3kl om(Table 2), 742kl Al S
#l == 2,0008] ]A5te] 10m? & 2LE X4 AEET
71(=4dv : HP-2010, 3&‘”01]&«4 gel=h)E o] &3}
80 psi °7’E:Li T M H S FE8] AT

T

AR A58 AIARE Folel ARE AL

T2E Bl &3 o]EHS AAS T g o435
AH FA7F 5 mm =2 AESFATHGBARES, 2012). A

AT ARE AR F Edolojo 2 olg3te] vhlsle
B, AZAFAEE EAL/NN S0CNA 48AF A
& 5 vhyste] 20°C BEIS Basrh AR F2E
% 24 Slele] ALH AT AR 10022 10953}

TFATE e 98 F sl RS e &
o] ¥E Yehlle A4 E(Kim et al., 2020),
A 7HE 7 AS AL ol A& ol g3lith

TV A S _ 7 E T o AR FHmgke)
(Processing factor) A8 2 o 25 F(mgke)
EEZTH Y Y BNHY HE)
APEee] HEES 4 8s] sl acetonitrile® 8-

skl 1,000 mg/Le] stock solutions AR OH, ©l&
acetonitrileZ 843} pure standardE A|Z3F] Multiple
Reaction Monitoring (MRM) 7% §3sl=d AR5}
ot} AldEere] Ag B8 98] matrix-matched standard
= A %359 2 matrix matched standarde= F-3]2] A|5E
YT AR S AA Az FE2ES o]&3te] Al
Z3159th. AlZ3} matrix matched standardS 22 843}
of T3 ABntET ] M3 HAS V|F0RE RFAY

A 7E 34 (Method Limit of Detection, MLOD)
= ABEE gato s BAMALe AR 22S sk Ao
2o 77 Age] At e HA HE

. i

g |
o Aow, AAAEY, AR, ¥
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AbEsie olefe] 413} o) AbEsiain 358 AH
MLOD (me/ke) = gga Bane] A2S 9l I8 RS AW
3 o o, 35E AP PLS 71EE=S 0.01 S
24 E Fng) x TF8 7 F(mL) x 25 3] 4] &l FHmL) Ta ;rj | S ]:o Ci()n‘mg/l;g ]/\ gl
AN () x FZ & 3 FHmL) x 717157 F(ul) 500 &5=91 0.1 0.5 mgkgo] H== FAE] A
mandipropamid, metalaxyl-M<] JJ_Z AS A T A7
NEEO A s AAE) H4E Folol 858 AEEUAE 2
B AN Azel AAT AR BAe LeMyMsE  =orith
43jgon F% 9 A WHES QUECKERS Wl

i
Falo] AN W} e 7Ax NEE FEELS Hd 87t
=o]7] 9J&td(Kim et al,, 2007), AZxHZF NEE 58 A3 % mandipropamid®} metalaxyl-M9] V34 H7h=
20mLe] =82z (A7REer &£838 T 10mLe e F AFEY YEle HUEE Y8l AMgske dYAd
acetonitrile® 1027+ FEEZ31th AHFAEE 10 ¢S #3)8- % (Acceptable Daily Intake, ADI)THH] LU 4 FH A4
20mLe] acetonitrile® 1057+ 2Z3le] z}zbo] 2ZE4) @ (Estimated Daily Intake, EDI)?] %ADIZ 37}l th
4 g magnesium sulfate anhydrous, 1 g sodium chloride, 1 g (Ryu et al., 2018; Park et al, 2015). IHAFF> &
sodium citrate tribasic dihydrate 22|32 0.5g sodium =9 BATH] Fadiewet ool dd 58T
citrate dibasic sesquihydrateZ 3 7}ste] 287 X819 (Maximum Daily Dose, MDD) H| & /‘%3} Aot Hzel o
A 223 ABE 4C, 3,500 pmelA 1087 9ase  DEETER A Y 56T T AWTS VIEom ok
st9om A 0.5mLol| acetonitrile 0.5mLE 7}t # 74 71l ARE-SHSATHNIFDS, 2018)

vortexdl] E3F3F & 0.2 um syringe filter (PTFE)Z o3}

ol

g FH e _ A FH(mgke) x AU 58 F(kg/day)

3lo] Table 33 & 27 2% LC-MS/MS &4 a3t & (mg/kg-bw/day) gLatol % 4 = (60 ke)
A NF F T FFo]calibration curved] HE Hlo]
A, A $2E RS o189 AR F Rt A= oo 0178 Smgkgbwiday)
& 3)Mato] B0 Abg-silnt. A A 758 FHmglkg bwiday)
Table 3. LC-MS/MS conditions for the residual analysis of mandipropamid and metalaxyl-M
‘ <LC conditions> ‘
Instrument Agilent 1200 series, Agilent Technologies, USA
Column Agilent Poroshell 120 EC-C18, 2.1 mm L.D. x 100 mm L. (2.7 um particle size)
Flow rate 0.3 mL/min
A: 5 mM ammonium formate 0.1% formic acid in distilled water
Mobile phase B: 0.1% formic acid in methanol
A:B=(40:60, v/v)
Injection volume 2 pL (mandipropamid), 1 pL (metalaxyl-M)
<Mass conditions™> ‘
Instrument Agilent 6420 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 CE? Product ion (m/z)
) ) 11 328.0
Mandipropamid 412.1 [M+H]*
5 356.0
10 220.1
Metalaxyl-M 280.2 [M+H]*
15 192.2

3 Collision energy
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Table 4. Linear equation of the mandipropamid and metalaxyl-M in Cridium officinale Makino

Pesticide Condition Linear equation .
) i Dried y =483920x — 498.75 0.9999
Mandipropamid
Fresh y =549702x +421.78 0.9999
Dried y =260080x +273.7 0.9999
Metalaxyl-M
Fresh y =334543x — 491.44 0.9998
Table 5. Recovery of test pesticides in Cridium officinale Makino
ificati R te (%
Pesticide Condition Fortification ecovety rate (%) -
(mg/kg) Rep. 1 Rep. 2 Rep. 3 Mean RSD?
) 0.1 94.8 92.6 93.3 93.6 1.25
Dried
) ) 0.5 95.9 943 95.9 95.4 0.96
Mandipropamid
0.1 95.1 92.7 90.3 92.7 2.60
Fresh
0.5 89.7 90.6 91.3 90.5 0.91
. 0.1 102.8 99.9 96.6 99.8 3.12
Dried
0.5 102.4 99.5 98.4 100.1 2.08
Metalaxyl-M
0.1 111.1 108.7 102.2 107.3 429
Fresh
0.5 108.4 98.4 103.1 103.3 4.83
Y Relative Standard deviation
o o D& S % % ATk olEF XAV S 170 FS
5 ARFe] A Uehie Ao 110} HF oA A=
=Y AS Al 9L viA= Zo= Bt Han

H

% 59F2] matrix-matched standardZ 7]7] £413}] A

AReETRe] WAS 7E0R AYE A 4
0.999 olFo® mF Fssiglon, HFe] FA

VA=

gl

2 = Table 40l VFERA T}
ANgEeke] B AEAIE BF 0.004 mgkgl 2
yelhston 348 218243} mandipropamid= 89.7-95.9%,
metalaxyl-MS 96.6-111.1%3 AHEZFHIR= 5% o=
A& 5 T Table 5). ©l= F2AEH A A8k AEW
o] 358 AU 70-120% L AN FZHR} 20% ©
el H9E Uﬁo}‘a Joll £ AJgol|A] ke zhFae 4t

ol WE ATHRDA, 2015).

& ™ X 2| Lo mME 7 S
T8 A AYLS 2Este] AT dg 5 AP EF
FHa2 Table 69 YFERN 1T}, Mandipropamid®] 7-%- 60
7 33 moﬂﬁ et O] 1.703 mgkgS E 7P W
ZHRES YERISleH, 1497 33] Aglolx 2R
¥+ 2298 mg/kg® & 7 =7 VEFTE Metalaxyl-M
o= 6004 33] HelolA HW 0.022 mgkee] 7FE
RS UERSL, 1497 33] Agltolx 2HRE
A4 0.434 mgkegl 2 U2 A9} vwsly] 7 =

AEIN BE 3] AF o

ARl =4 Yehides A

o me

o

]

o, N¢ 1o
N ‘rlooﬁoﬂ

N

| %
A AEEUT.
Az ol 77k A

et al. (2004)> E% F AtAl tebuconazoleo] ZF A
A2l § A7t Aol wet 1Rkl WA vehdth
I RAISIRAL, Lol 7] F AtA| isopyrazame| FHF
AFelM 2 37 B HFEE F ARL AEF
= ARl B2 A7 A3F HaE nh Qth(Han et al,
2013). B3F gt 7ol A= o] gu= Al T &
carbendazim®] 7ol 28 Lol 7kerE EoA
= A Es EE’_E]“D}(Jeong et al., 2017). Noh et al.
(2012)2 Q14 % azoxystrobin?} difenoconazole®] ZHF5E
A AT+E %EH Ax et g A oA ﬂa“ol 5ol
FEFE mRITa BaEitt olEd AFES B 2
TollA YERd A3 5 AkA| mandlproparmdS’Jr metalaxyl-M
o] ZHREAo] gk ‘/}E}lﬂ‘ﬂ Sl A Slpgt
A AZIF AE T v ARTFE Aske S8 &
Zee} AeE e
AX2HZH AT ARFS vusils o 1494
33] A z]olX mandipropamid®] FFEHE A3 FolA
W+ 2.298 mgkg, BAZAA 0.527 mgkgl 2 AHEE
t}. metalaxyl-MS AZHFolA Ht 0434 mgkg, BHZ
]"1 0.123 mg/kg® & UEpstth g3 Ax:139 e
FS 7FATE sk 3ol tiyde Z¥ mandipro-
pamld-J 7FEAIGE 436012, metalaxyl-M2 3.520|%Th
olg|gt Ade HT 7HS Bl AEE 67.5% TRl T
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Table 6. Residual concentrations of mandipropamid and metalaxyl-M in Cnidium officinale Makino

177

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

Rep. 1 Rep. 2 Rep. 3 Mean SD¥

60-50-40 1.680 1.462 1.968 1.703 0.207

50-40-30 1.584 1.627 1.685 1.632 0.041

Mandipropamid 40-30-21 2.294 2.068 2.086 2.149 0.103

30-21-14 2.426 2.042 2.427 2.298 0.181

30-21-14 (Fresh) 0.515 0.542 0.523 0.527 0.011

60-50-40 0.020 0.022 0.024 0.022 0.002

50-40-30 0.043 0.040 0.050 0.044 0.004

Metalaxyl-M 40-30-21 0.057 0.062 0.057 0.059 0.002

30-21-14 0.443 0.440 0418 0.434 0.011

30-21-14 (Fresh) 0.097 0.131 0.141 0.123 0.019

 Standard deviation
Table 7. Ratio of EDI and ADI of mandipropamid and metalaxyl-M in Crnidium officinale Makino
. . a b

rcide S Ao Tooddaly AP FOT_
60-50-40 1.703 10 0.05 283.8x10° 0.5677
50-40-30 1.632 10 0.05 272.0x10° 0.5440
Mandipropamid 40-30-21 2.149 10 0.05 358.2x10°¢ 0.7163
30-21-14 2.298 10 0.05 383.0x10° 0.7660
30-21-14 (Fresh) 0.527 10 0.05 87.8x10°¢ 0.1757
60-50-40 0.022 10 0.08 3.7x10°¢ 0.0046
50-40-30 0.044 10 0.08 7.3%10° 0.0092
Metalaxyl-M 40-30-21 0.059 10 0.08 9.8x10°¢ 0.0123
30-21-14 0.434 10 0.08 72.3x10° 0.0904
30-21-14 (Fresh) 0.123 10 0.08 20.5%10° 0.0256

 Acceptable Daily Intake
" Estimated Daily Intake

dkg]o] Yepd FA) 7471 Ydolgl AFE A Lee et al.
(2010)2 stk RujoX F<F 7bFke] Wl Al59]
S WS Aol vl Hysilom 2 A Q
o} ARSI L‘:}Q"iﬁ‘r ol Eoko] AFH E

A AT ARG urh e A2 Aol 53E -
acre 28 smiap) o] 1A el The waaly
52 B3jol ARIEIFL 2ANA G A FAE
o $58 5 AR AR ugke] Dasiel 42,

oFMM Gt

gl ti$t mandipropamid®} matalaxyl-Me] HPdA)-S
H7ksl7] Sl dLdHFs S FH dLHFHFAZE st
o] %ADIE 2F=E3F3ATHTable 7). %ADI= mandipropamid
o] A$ 0.1757-0.7660%C1 AL metalaxyl-M2  0.0046-
0.0904%= A3 T F A FEA] %ADRE W4 %2 7
o selFdon TE HzTM %ADIZF 0.8%F] TS

2 Yehdtl. FAO/WHOIAME %ADIZF 10% &
NS AR Pyt Yoz

Hag = AU F

?54}.-:Oko] ;ﬂ

ARk

(Lee, 2019), &

Aol e ope] A ¥

2 FjFoR HAe Bk wEe] T A
Zol UF AT HE Zow AR o)
A b 22 ol

o AF %ol v

6}‘/

[e2

= o 11

AFe e AF v

stob Aol &0l Wl LRt Zo=

HA= T} Jeong et al. (2017 T 5 carbendazim3}
metconazole®] $I314d H7 AFolX UEPd %ADIZ} 49

3] \,]-o /\zi L]-EP{]_’ Z_\]O] JJ
o JYPF o] F2 HHHE A
7] wj&o|g}a B3k

S AHNE

o] op/] xl-g
Hlal JrjEos o
A} fAkek A Eh) Ak

T3l A= oA do] 8Ad} SR %ADI)
ol Ao ® Jehton, AA g9} Blwsle] AXAE

oM Hot =A YEbS

0 0 3lo]

== "‘lL_

sgict. olela
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o A Yk 58 Aolo] 2173} Azt e 71g
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