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Abstract The present study was aimed to predict the pre-harvest residue limits (PHRLs) of pyrimethanil
(fungicide) and methoxyfenozide (insecticide) in grape, and to estimate their biological half-lives and residual
characteristics. The pesticides were sprayed once on grape in two different fields 10 days before harvest. At
the end of 0, 1, 2, 3, 5, 7 and 10 days after application, samples were harvested for further analysis. The
residual pesticides were extracted with acetonitrile and partitioned with dichloromethane, and the high-
performance liquid chromatography with diode array detector (HPLC/DAD) was employed for the residue
analysis. The results obtained in the present study show that the limit of detection of both pesticides were
found to be 0.01 mg kg™'. The recoveries of these pesticides were ranged between 80.6% and 102.5% with
coefficient of variation lower than 10%. The biological half-lives of both pesticides were observed in field 1
and field 2 which shows 7.7 and 7.4 days for pyrimethanil and 5.1 and 6.1 days for methoxyfenozide,
respectively. Further, the PHRL of pyrimethanil and methoxyfenozide was found to be 8.90 mg kg™ and 5.51
mg kg', respectively at 10 days before harvest. Consequently, the present study suggests that the residual
amounts of both pesticides will be lower than the maximum residue limits (MRLs) when grape is harvested.
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2 Ao AR pyrimethanil (99.9%, Dr. Ehrenstorfer
GmbH, Germany) ¥ methoxyfenozide (99.6%, Dr. Ehrenstorfer
GmbH, Germany)®] EF5-2 YAAZTH FYste] ARE-
393, AEE 5 pyrimethanil 37% A SFESHA (A2

Table 1. Physicochemical properties of the pesticides used
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g2 wpo]d FEARIA2(F)) 2 methoxyfenozide 21%
FACEEE: HY, FFFEFE)e AlsdX Tk
ARSI T oRAlS] bt 9 o)siehA] A
Table 13} 74t}

Alef, Mg « 717

Aol 48 98 AR&3F dichloromethane, aceto-
nitrile, n-hexane, methanol 2 ethyl acetate GRH-S AM&-
31991, sodium sulfate anhydrous % sodium chloride= EP
w5 ARt Ao AR8-g+ SPE Florisil 1 g cartridges
Phenomenex (USAVFS] A|ES FY3IIT Tt ofA A
I A FY2A] BE71E ARSI on, ZHREeF B4 Al Al
F4447](AM-10, Nissei, Nihonseiki Kaisha Ltd., Japan)2}
AE3] W5 E5=7](EYELA NE-1001, Tokyo Rikakikai
Co., Ltd., Japan)E ARE3IATE X% 5 pyrimethanil
methoxyfenozide®] 72 DIONEX UltiMate 3000
(Thermo scientific, USA)S ©]-&-3}o] 443519t}

5| =
el e 7w 7P 5 A X5 A

S Akate] 1027H20139 92 102~2013 9
9 209) AES AT T 1, 20 A Y& 24
m’O 2 ORI 3WHE wjX|etlon, Z}zte] M AL
old] 1 me] $FTE FIL AFS FYsIAtHFig. 1).

Pesticides Pyrimethanil Methoxyfenozide
H _. 0
l\l _N___CH, (\_H._ LCH),  _CH,
Chemical structure ' | NN E
N CH,O CH, d -
CH, \\CHe
TUPAC name N-(4,6-dimethylpyrimidin-2-yl)aniline N-tert-butyl-N'-(3-methoxy-o-toluoyl)-3,5-xylohydrazide
Mol.wt. 199.3 368.5
Vapor pressure 2.2 mPa (25°C) < 1.48 x 10 mPa (20°C)
KowlogP 2.84 (pH 6.1, 25°C) 3.7 (shake flask)
40m 10m
20m Methoxyfenozide Methoxyfenozide Methoxyfenozide Control
10m
Pyrimethanil Pyrimethanil Pyrimethanil Control

Fig. 1. Field design in this study area.
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AN 3y
okl BFEAQ pyrimethanil (99.6%) 100.4 mg
2 methoxyfenozide (99.6%) 100.4 mgS 100 mL acetonitrile
o =] 1,000 mg L' stock solutiong ZA|SH & TAEZ
3Asted 0.1, 0.2, 0.5, 1.0, 2.0, 3.0, @ 5.0mg LY
working solution ZA|3FATE L § 27t YA S HPLC
o FU3le] YERG chromatogram’de] peakH S 7|50
= AAE 2T

I F #F¥ pyrimethanil ¥ methoxyfenozideE F&
sl7] 95t AlEE AR 20 gl acetonitrile 100 mLE 7}
3lod homogenizerZ 10,000 rppmol|A] 387+ vl - 5319
o} FZ9 5 acetonitriles YT 4 5T & SHT
100 mL, ¥32]9s 50mLE #7Fsle]  dichloromethane
80, 70 mLE 23] BHjsisl o, 7Fs= & dichloromethane
S5mLZ A|-43)] 3}5t}. Pyrimethanil®] A= SPE Florisil
1 g cartridge®l| dichloromethane 5 mLZ pre-washingdt &
FZd smLE EF loadingsle] W@ & H7|&&8u)
(dichloromethane:methanol = 95:5, v/v) 5 mLZ &Z&A|Ft}.
Methoxyfenozide®] 7-%- SPE Florisil 1g cartridgeel di-
chloromethane 5 mLZ pre-washingst & F&d 5mLE &
i loadingstal A70-8&8&m 1 (n-hexane:dichloromethane

Table 2. Pre-harvest intervals (PHIs) guidelines for the safe use of the test pesticides and their maximum residue limits (MRLs)

Safe use guideline

.. . Al MRL”
Pesticides Formulation _ ©) )
i (%) (mgkg™) LAD MNA Dilution
(day) (time)
Pyrimethanil No 37 5.0 21 4 1,000
Methoxyfenozide SC 21 2.0 14 3 4,000

YA.L: Active ingredient, "MRL: Maximum residue limit, MFDS, “LAD: Last application day, Y"MINA: Maximum number of application,

9SC: Suspension concentrate

Table 3. HPLC/DAD operating conditions for the analysis of pyrimethanil and methoxyfenozide in grape

Instrument HPLC (DIONEX UltiMate 3000)
Detector Diod array detector (DAD), 210 nm
Oven temperature 40°C
Column Shiseido C (4.6 mm [.D. x 250 mm, 5 pm)
Flow rate 1.0 mL min.™
Injection volume 10 pL
Pyrimethanil Methoxyfenozide
Min. Acetonitrile Water
0 50 50
Mobile phase 9 80 20
11 80 20 Acetonitrile: Water = 65:35 (v/v)
115 50 50
15 50 50
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Fig. 2. Climatic conditions during cultivation period.
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Fig. 3. Rate of gain of grape during cultivation period.

W9 79.4~99.6%°1 ATH(Fig. 2). A3 F
A AE F 27, 201]%1 ?ﬂ 3 X ﬁﬂf‘@ﬂl% 274.3-

BEEHYM I

Ere T AREF BAS AT xEAgAs T 4
I, F oAl B ARAFRY)E 09901302 = A4
< 181K (Table 4).

AE
A % pyrimethanil ¥ methoxyfenozide®] ¥474%
Ae E5F 0.01 mg kgl 2™, pyrimethanil®] 3|4-&2
85.5~88.8%, methoxyfenozide®] 7% 80.6~102.5%%
o Wi AFOIOREFANS] AR B4 HE W9
70~120%, RolAIT 10% o€l 7%= R84 (Table 5)
HREAS sl ZEAQl EAMHelet AdE

lo ot

9] & pyrimethanil ¥ methoxyfenozide2]

2371 Ao
HEE A7 Z47) 84183 7.128%0]%lt}. HPLC/DADZ
ASE Al FAE, 398 9 Al gid 2

ET MU & RE Wl ME Y2 EHT|
X% A2dA 5 pyrimethanil 2 methoxyfenozideE <t
AARE71E %3}&1 21, 27 200 27 13 Ve A
st A RS %4 SISt} Pyrimethanil 7%
A Al 271 %Et Z 19149 27] FE= 250 mg
kg!, EF 2004 <] z7] TEE 2.77mg kg’lo]ﬁil,
methoxyfenozide®] 7% ¥4 1914 0.67mg kg, 4 2
o 0.74 mg kg0 F2 A FEATI] 27| AF Ek-fi— Z a2

Table 4. A linear equation of calibration curve for the
quantification of the pesticide residues in grape

Pesticides Linear equation R?
Pyrimethanil y=0.1261x+0.0088 0.9999
Methoxyfenozide y=0.1271x-0.0030 0.9999

Table 5. Recoveries rate and MLOQ for pyrimethanil and
methoxyfenozide in grape

Fortification Recovery+SD  MLOQ?

Pesticides (mgkg™) (%, average + SD) (mgkg™)
. ) 0.1 874+1.6
Pyrimethanil 0.01
0.5 85.8+0.6
. 0.1 102.0£0.5
Methoxyfenozide 0.01
0.5 81.0+0.4

“MLOQ: Method Limit of Quantification
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Fig. 4. Chromatogram of pyrimethanil (A: control, B: recovery 0.5 mg kg™!, C: 0 day sample) and methoxyfenozide (D: control, E:

recovery 0.5 mg kg™, F: 0 day sample).
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Fig. 5. Dissipation curves of pyrimethanil (A) and methoxyfenozide (B) in grape during cultivation period.
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Fig. 6. Recommended PHRL (Pre-harvest Residue Limit) of pyrimethanil (A) and methoxyfenozide (B) in grape during cultivation

period.

7IEe At

A z&v?ﬂ 8
MRL2 5.0 mg kg'o]3Z, methoxyfenozide®] 739 2.0 mg
kg‘loi pyrimethanil®] % 104 A AP 2H75]8-7]
I 10014 8.90, 4 2014 9.16 mg kg oI,
methoxyfen021de-4 T8 10Y A AN RS 8TIES
ZA 194 6.45mg kg, 7 2914 5.51 mg kg''& e}

54t} Pyrimethanil ¥ methoxyfenozide®] 2+ 10d % %t
F%o] 77+ 890mg kg, 5.51 mg kg o|8E YEh}HA
%3 A] ZAF o] MRL ol3l2 AE3 Aoz 4"t}

O}EEE]— AR pyrlmethamH

=

(Fig. 6). 2 A7123= FAT 4= 55 ARl W
Asle] MR SHARE ARG AF s, Asiale B
28 AAA 248 Hast & F e T A
7148 = A& o= HAokEnt
ZAel 2

2 4PES é}%—w%mww A3k 2013 YA
A FAE 5 Y 4 01£7l A AT Aol

Literature Cited

Tomlin, C. D. S (2009) The Pesticide Manual. British Crop
Production Council, UK. pp. 993-994

Tomlin, C. D. S (2009) The Pesticide Manual. British Crop
Production Council, UK. pp. 764-765.

Korea Crop Protection Association (2012) 2012 Guideline of
Pesticides Use. Korea Crop Protection Association.

Kim, J. H., S. K. Choi, Y. S. Yu, K. S. Yoon and J. S. Seo (2012)
Physiologically Active Components and Antioxidant
Capacity of Grapevine Leaves at Growth Stages. The
Korean Journal of Food Science. 44(6):772-778.

Kim, S. W., E. M. Lee, Y. Lin, H. W. Park, H. R. Lee, M, J. Riu,
Y. R. Na, J. E. Noh, Y. S. Keum, H. H. Song and J. H. Kim
(2009) Establishment of pre-harvest residue limit(PHRL) of
insecticide bifenthrin during cultivation of grape, The
Korean Journal of Pesticide Science. 13(4):241-248.

Han, S. S., S. C. Lo, W. J. Kim, P. J. Park and I. K. Kim (2003)
Residual Characteristics of Etofenprox and Methoxy-
fenozide in Chinese Cabbage. Analytical Science &
Technology. 16(1):70-71.

Lee, D. Y., Y. J. Kim, S. J. Lee, K. S. Cho, S. G Kim, M. H.
Park and K. Y. Kang (2012) Establishment of Pre-Harvest
Residue Limit of Fungicides Pyrimethanil and Trifloxy-
strobin during Cultivation of Persimmon.

Korean Journal of Environmental Agriculture. 31(1):45-51.

Lee, E. Y., H. H. Noh, Y. S. Park, K. Y. Kang, J. K. Kim, Y. D.
Jin, S. S. Yun, C. W. Jin, S. K. Han and K. S. Kyung (2009)
Residual Characteristics of Etofenprox and Methoxyfeno-
zide in Chinese Cabbage. The Korean Journal of Pesticide
Science. 13(1):13-20.

Lo, S. C., C. H. Hwang, M. S. Kim, S. Y. Ma and S. S. Han
(2004) Residue analysis of insecicide thiodicarb in sweet
persimmon and its safety evaluation. The Korean Journal of
Pesticide Science. 8(3):184-188.

Ministry of Food and Drug Safety (2014) Toxic substances
residue standard such as pre-harvest agricultural products.



244

i

]

I (Vitis vinifera L) & Pyrimethanil 2 MethoxyfenozideQ| AMA=HA| RZFE7

X = (Vitis vinifera L.) & Pyrimethanil % Methoxyfenozide2|

dUEA TREHEVIE HF

UK - U - 5|27 - Dhrsier A2hehct - AR - S
S

et A Aot g wo] e At 7 o, Al ekl M wAt= P A, A E e FEAA 4713

£ X=ol| g pyrimethanil?} methoxyfenozide®] #F# WHols Z4slo] A 2757
o} ZHondpol 2 AHE3ho 24 A A55]-87]55(Pre-Harvest Residue Limit, PHRL) A%< ?’] 3t 7]
A8 2 883172 3389tk Pyrimethanil 2 methoxyfenozide 5258 SFIARE 7|50 F3fo] 22 4 1, X
B2 Aoz pro] ZIEF AEeslon, A 247 F2 04AR 81 0, 1, 2, 3, 5, 7, 1083}e] A] Ezﬁ
Fslo] B8 F B4l =5 HPLC/DADE o]8-35lo] BAjslgion, ¥4 %@74] (Method Limit of Quantitation,
MLOQ)= 0.01 mg kg 01t} #4143}, BAH <] 31482 80. 6~102 5% 1 gwﬂ FEHA = E% 10% w52
o X= 5 7 l"—°k°ﬂ TZHGL AEH W)= pyrimethanil®] S 77€EA 1), 74Y9EF 2)019oH,
methoxyfenozide®] 735 5 AEA 1), 6.14EF 2)01Aet. 73] AR S ©]4-8F pyrimethanil} methoxyfenonde«]
AHA AFEgr|Ee 24zt —rﬁ‘f 102 A 8.902 5.51 mg kg'o 2 Zﬂo}& =5

—_—

s

Molo]l  xx, AkdA JA7FE]87E, ZHRE87], pyrimethanil, methoxyfenozide

87



