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Study on Residual Properties of Dimethomorph and Pyraclostrobin
in the Amaranthus (Amaranthus mangostanus L.)
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Abstract This study was aimed to determine the residual behaviors of dimethomorph and pyraclostrobin on
minor crop amaranthus (Amaranthus mangostanus L.). The fungicides of dimethomorph and pyraclostrobin
were applied 3 times with one-week interval 0, 7 and 14 days before harvest of amaranthus by foliar
treatment. The recovery rate of dimethomorph and pyraclostrobin in amaranthus were analyzed in the range
of 89.6~96.3% and 70.8~103.2% respectively. In the case of dimethomorph, the residual amount was ranged
from 4.56 mg L™ to 0.11 mg L' and pyraclostrobin residual amount was ranged from 3.94 mg L™ to 0.20 mg
L', Their theoretical maximum daily intakes (% acceptable dietary intake) of two components in total diets
were 17.07% and 28.11%, respectively. In this study maximum residue limit (MRL) of dimethomorph and

pyraclostrobin could be recommended 5.0 mg L™ and 0.5mg L',
of them are established in the Ministry of Food and Drug Safety (MFDS) as 5.0 mg L™

respectively, for the amaranthus. But both
at the time of

writing. The safety use guidelines of the two fungicides for the minor crop cultivated amaranthus are set for
maximum 3 times treatment within 14 days from harvest period. Based on the results of this study, It would
contribute on the safe use for the pesticides and management for the safe agricultural products.
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Table 1. Physicochemical properties of dimethomorph
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Algoll A8-¥ dimethomorph (97.6%), pyraclostrobin
(99.9%) 2 thAK BF500-3 (99.9%) ¥5+E4 F@EHo}
T 2oA Fokdtol acetonitriled]] o] FFENS A %3,
20°CellA BAHAAN dA 3 T2 3|As| ARl o,
2 A o] &8 F A9 =Y 3leHy S e 2
TH(Table 1, 2). 2HE-9] Au)zgo] 2xstr] ek FekE
7l 2-¥ (dimethomorph-+pyraclostrobin, 25.5 (16+9.5)% <44
TS, EEHOIIR) AT Yo RRYH st

o] AHg-StAT

Dimethomorph

Structure B H ~ - N/_\O
®, () o
CH,0 CH,0 CH,0 CH,0
(E)-isomer (Z)-isomer
TUPAC name (E,Z)-4-[3-(4-chlorophenyl)-3-(3,4-deimethoxyphenyl)acryloylJmorpholine
Mol. wt. 387.9
V.p. (mPa) 9.7E™* (25°C) 0.001 (25°C)
KowlogP 2.63 2.73
Solubility in water 41.8 (pH 9); 49.2 (pH 7); 81.1 (pH 4) (all in mg L™, 20-25°C)
Table 2. Physicochemical properties of pyraclostrobin and its metabolite
Pyraclostrobin BF500-3
N o N o\/©
Structure C"@“N\:\?/ \/Q CIO\N/\j o. NH
CH30/N\CO2CH3 T
Hye”
IUPAC name methyl N-{2-[1-4-chlorophenyl)-1H-pyrazol-3- methyl N-(2-{[1(4-chlorophenyl)-pyrazolJoxymethy}
yloxymethyl]phenyl}-(N-methoxy)carbamate phenyl)carbamate
Mol. wt. 387.8 357.8
V.p. (mPa) 2.6 x 10° mPa (20°C)
K, logP 3.99 (20°C)

Solubility in water 1.9 (all inmg L™, 20-25°C)
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methanol 2 water= MerckAH(GR., Germany)Z25FF +¢
slo] ARSI, sodium sulfate anhydrous, sodium
chloride= Dae Jung”*HE.P., Korea)?] A& ARE-3}S T
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(Nissei, Japan)& ARE-SIIOH, FFYE ¥ HREA S 9
3] HPLC DIONEX Ultimate 3000 (Thermo Science, U. S.
A)eF A#E417]91 TSQ Quantum ultra (Thermo Science,
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Dimethomorph #5%(97.6%) 102.459 mg, pyraclostrobin
EFE(99.9%) 100.100mg 2 AR BF500-3 3%
(99.9%) 100.100 mgS 27} 100 mL §3FZef2T0)] 2,
acetonitrile®] =4 1,000 mg L™ stock solutionS A3}
t}. o] stock solution 1 mLE %3} acetonitrile 100 mLZ
A8e &, 10mg L' 89S 7Rt 22 WHe = 0.01,
0.02, 0.05, 0.1, 0.2, 0.5, 1.0, 2.0 mg L™ working solutionS
ZA|(1 mLystd, $Hdss &, BAHH 543 o=
ZA|3 F28] A|E2 2841 mL)g blank standardS %
Aleith. ©]F LC-MS/MSE AHg-ate] 2443 ¥ chroma-

HAS 7| OS2 matrix matched® 7%

=
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togram’d2] peak
A& A
HE & MRS

Dimethomorph % pyraclostrobin® Y3+ W o2 H|S
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Fig. 1. Experimental plots in this study.
Table 3. The progress of spray to Amaranthus mangostanus L.
- Formulation Application Pre-harvest Dilution
Pesticides . Lo
type times application intervals rate
0 Control
Dimethomorph 3 30-21-14
3 21-14-7
SC 2,000
3 14-7-0
Pyraclostrobin 2 21-14
2 14-7

9SC: suspension concentrate
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Table 4. LC-MS/MS operating condition for the analysis of dimethomorph and pyraclostrobin in Amaranthus mangostanus L.

HPLC DIONEX Ultimate 3000 (Thermo Science, U. S. A.)
Detector TSQ Quantum Access Max (Thermo science, U. S. A.)
Column Imtack Unison UK-C;5 (2.0 mm L.D. x 100 mm x 5.0 pm)
Oven temp. 40°C

Flow rate 0.30 mL min.™*

Injection vol. 1.0 uL

Mobile phase A:B =0.1% formic acid in Water : 0.1% formic acid in Acetonitrile
Ion source Electrospray ionization positive (ESI +)

Spray voltage 3,500 V

Vaporizer temp. 350°C

Ton sweep gas (N,) 1.0 units

Sheath gas pressure (N5) 35 units

Aux gas pressure (N,) 10 units

Capillary temperature 320°C

Table 5. Selected reaction monitoring (SRM) condition on dimethomorph and pyraclostrobin

Product ion

Compound Precursor ion — PSR
Quantitation ion Qualification ion
Dimethomorph 388.256 301.174 165.128
. 163.147
Pyraclostrobin 388.230 194.147
133.145
104.213
BF500-3 358.207 132.185
164.174

S Bchner funnel’dol|A FQlod#stal oJ3-9] acetonitrile®
EZ L *‘17] Aol W] o4zt it 1€ qJH4S
A 5 F 1,000 mL EolFoll $A SR/ 100 mLet
x 4 50mLE A= 718 3 dichloromethane 50 mL
2 23] FHjsto —v—HH A& 15 g9] anhydrous sodium sulfate
< %?Jr"]ﬁ Tag AAsSIATE o] s 40°C Fx
¢ =3t && A ASIAL dichloromethane
5mLZ A]-8-3 O]-O?\E]r o]&, % oA % dichloromethane
SmLEZ #443}r71 SPE carbon 1g cartridged| FZ
SmLE loadingdtal, 77§87l (dichlormethane:methanol =
95:5, v/v) SmLE °©]&3te] ¢HAE §EAIA o] 859
< 7E=3l acetonitrile 4 mLE A|-&8f|5led o340.2
pm membrane filter)d+ 5, Suj 343sle] LC-MS/MS2|
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Daily Intake, EDIS 121 U943 51-&-F(Personal Acceptable
Daily Intake, PADD)S.Z U0 3+ % ADI o= 37}
sttt EDI %k 2ol Aafizl H76]-87]F(Maximum
Residue Limit, MRL)¥} 2]/ # % (Korea Health Industry
Development Institute 2017, H]&, 0.21 g} #3l4 4t=2
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Zro]th(Statistics Korea 2017).
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Table 6. Linear equation of calibration curve for the quantification of the pesticide residues in Amaranthus mangostanus L.

Pesticide Linear equation R?
Dimethomorph y=17108089.21x + 92387.10677 0.999
Pyraclostrobin y =19024940.37x + 658753.6711 0.996
BF500-3 y =20017993.06x + 497497.7426 0.997

Table 7. Recovery yields and MLOQ for dimethomorph and pyraclostrobin in Amaranthus mangostanus L.

Pesticide Fortification level Average = C.V.¥ MLOQ®
(mgL™) (%, Recovery + C.V.) (mgL™)
. 0.1 922+3.6
Dimethomorph
0.5 93.8+1.7
. 0.1 73.5+24
Pyraclostrobin 0.01
0.5 957+14
0.1 78612
BF500-3
0.5 96.0 £6.3

9C.V.: coefficient of variation
PMLOQ.: method of limit of quantification
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(R )7} 0.99 o Fo 2 TR FZ AFTHE o A4
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EoZEH X 858

Dimethomorph % pyraclostrobin (BF500-3)2] #417]7]
ALASHE BF 0.01 ngO]‘}iiﬂi A (1);1]. 7ro| A=3H
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Fig. 2. LC-MS/MS chromatograms of dimethomorph in samples (A: control, B: standard 2 mg L™, C: recovery 0.5 mg L™).
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Fig. 3. LC-MS/MS chromatograms of pyraclostrobin in samples (A: control, B: standard 2 mg L™, C: recovery 0.5 mg L™") and
BF500-3 (D: control, E: standard 2 mg L', F: recovery 0.5 mg L™).
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Fig. 3. continued

= Dimethomorph
B Pyraclostrobin

4.56
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(mg kg-1)

Maximum of residual amount
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T
21-14-7
Sprayed days before harvest

14-7 14-7-0

Fig. 4. Maximum residual amounts of dimethomorph and
pyraclostrobin in Amaranthus mangostanus L.
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al,, 2012).

Dimethomorph®} pyraclostrobin2| QHHALE7|E

A v]Eol thdt dimethomorph % pyraclostrobin®] #
F3]-8 7] (Maximum Residue Limit, MRL)°] A7 =0} 9]
2] eFol FAFEAHES] SlZolujF¢] MRL #<l 5.0 mg L
7 0.5mg L& 77t A &8le}. & d743, ¢ A 14
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0.5mg L"'o2 F33t7t sigiet. vhat & =& 24 AR
okAl¢] MRLe] 247} 5.0 mg L& tjghvl=t
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2 el
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AETA I HAE IO} pyraclostrobin®] 745
B AFE 3l AR 71EH 10]9] ZfolE Holi S
< & 4 I Ministry for Food and Drug Safety 2018).
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2 AFdA A8-E dimethomorph ¥ pyraclostrobins 5
AEo 2 sle WA (CFER: NEE)Y 739 QPHAL
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S5 #91¥ 4 9Jtk(National Institute of Agricultural
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Table 7. MRL Sheet of dimethomorph

EPs|

g2 - dAlz - Olxd - oiEe

MRL Daily Intake EDI” ADI? 0 o
Crop (mgL™) (g day™) (mg day™) (mg day™' man”™" 7o ADI
Green & red pepper (fresh) 5.00 28.08 0.1404 1.0800
Korean cabbage 0.70 66.50 0.0466 0.3581
Lettuce (leaf) 20.00 6.76 0.1352 1.0400
Spinach 20.00 6.75 0.1350 1.0385
Brassica leafy vegetables 5.00 6.44 0.0322 0.2 0.2477
Amaranthus 300 0.14 0.0007 0.0054
(recommend)
Others (28) - 306.31 1.7285 13.2959
Total 2.2185 17.0655
“Estimate Daily Intake
P Acceptable Daily Intake (0.2 mg L™) x 65 kg (average body weight of Korean)
9(EDI/ADI) x 100
Table 8. MRL Sheet of pyraclostrobin
MRL Daily Intake EDI” ADI? 0 "
Crop (mg L) (2 day) (mgday)  (mgday 'man?  70AD!
Green & red pepper (fresh) 1.00 28.08 0.0281 1.4400
Perilla leaves 20.00 3.07 0.0614 3.1487
Korean cabbage 0.20 66.50 0.0133 0.6821
Leek 10.00 4.02 0.0402 2.0615
Brassica leafy vegetables 0.50 6.44 0.0032 0.03 0.1651
Amaranthus 0.50 0.14 0.0007 0.0036
(recommend)
Others (46) - 356.91 0.4020 20.6132
Total 0.5482 28.1142
“Estimate Daily Intake

P Acceptable Daily Intake (0.2 mg L™) x 65 kg (average body weight of Korean)

9(EDI/ADI) x 100

Sciences 2018). Pyraclostrobin®] 7-$-
MRL Bt} 2F3Helxe] Aol mou s o] <t
ARG 71z wet AAl F7tIA s HAlES Axdtt
A HE SRS A gt EA gl AR AR

A,

Dimethomorph % Pyraclostrobin® ADI CiH| A]0|M % &
(% ADI)

Dimethomorph @ pyraclostrobin®] ZHF# o 2HE A=
¥ B gl thgk ADI thH] 2]l 3 E(% ADI) ZH+e] Hj
Fk 0.0054%, 0.0036%= 3t A} ol 2A A
ZF(TMDI)> dimethomorph®] 7-F- 17.07%, pyraclostrobin
o] 749 28.11%= YEFHATHMinistry for Food and Drug
Safety 2011, 2012). H]E % dimethomorph % pyraclos-
trobin°ll ek ADI the] 4ol &2 AF9A A)7= 2
ATZ3E ZAR 3l 80%S ZHsIA wew, T

1o A—

FEl oI el g w2 Aoz AdE o] Aol

S Y Y =2 AEE AFE] AT £ A

2 A H(Table 7, 8). Webr 2 A A3 204 A
w )

wj2HE H]5o thek dimethomorph 2 pyraclostrobin %
3| 255 (16+9.5)%2] 5 FeH73187
ARE7IE] AAE ¢ dle, 2 zg_zjr

]Z&(MRL)# ¢k
H) & *Miﬂfﬂ
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@ @
2MY WU 2HE H|E(Amaranthus mangostanus L.) S Dimethomorph 3
Pyraclostrobin0i| CHst X754 14

FO
2

B AFe 2 AZE YS(dmaranthus mangostanus L.) % 24| dimethomorph®} pyraclostrobin
o] ZHFEE Bt PAARTIES AAstaL vEe] S8 IE AR AEE B8] flste st
Dimethomorph} pyraclostrobin & frAFtE2] QFAARE7I1%l| Fdle] 79 7HA 02 23], 33] 3uHeo = s}
AoH, AIEE 83 & B4 TE Dimethomorph 2 pyraclostrobin LC-MS/MSE- o]&-slo] EAsl o, &
AAEIAE 2F 001 mg L, 3582 dimethomorph 89.6~96.3%, pyraclostrobin (BF500-3) 70.8~103.2%0] It}
HE 5 5] gk #5532 dimethomorph?] 7% 4.56~0.11 mg L™'0]}. 2™, pyraclostrobin®] 7%~ 3.97~0.20
mg L™'0] e}, 7 ofA|e] 2hFare 8 A Aol el 7PAAY AE|SlaTt BolA A HoAlE FElg A
g BHon, FARER] AZolulFe 3751875 £831d(dimethomorph 5.0 mg L™, pyraclostrobin 0.5
mg L") MRLE F38ka2A} etk theh & =2 24 AJAQ 20189 49 @A) 7 FAl] MRLe] ZH2} 5.0 mg L
O tigls AFFA A H Rl oH, AHA A RSl HIES] SHIARS 7SS 7 149 A 7HA] 33] o]
AR TEE TS IRIT F QUrh. & A9 AFFOETH A5 o] AL LHWAEFHZFHTMDI), 5 ADI
tiH] 20|44 #&(% ADI)= dimethomorph®t pyraclostrobin®ll thated 212} 17.07%, 28.11%°130th. & A ZA4&
vlEO 2 HE 5 dimethomorph ¥ pyraclostrobin®] FAAME-71EH 2HR5]87]%0] AHHETH HE Auls7te
A%t FoAEI AMAEA P S FARES Fasket] 71oE A0 R Als

o
il

A010{ H]E, Dimethomorph, Pyraclostrobin, ZHF24], F2RPHAN-7]E
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