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Abstract The present study was carried out to investigate dissipation characteristics and half-lives of four
insecticides (etofenprox, pyrifluquinazon, spirotetramat and sulfoxaflor) in cow parsnip (Heracleum moellendorffii
L.), which is one of minor crops. The insecticides were applied to cow parsnip at two different treatment
levels: dose recommended as a safe use guideline and its doubled dose. Cow parsnip samples for residue

analysis were harvested eight times 0,

1, 2, 3,5, 8,

10, and 14 days after the insecticide application.

Extraction and purification processes of insecticide residues in samples were based on a QUEChERs method,
and their quantitative analysis was done using LC-MS/MS. Recoveries of tested insecticides in cow parsnip
ranged from 84.9 to 110.6%, with limits of quantification of 0.01 mg/kg and coefficients of variation of <5%.

Based on first-order Kkinetics,

dissipation half-lives of etofenprox, pyrifluquinazon,

spirotetramat, and

sulfoxaflor in cow parsnip were 2.7, 1.8, 3.0, and 2.4 days, respectively. Dissipation constants obtained in this
study may be utilized in future studies for setting the pre-harvest residue limits that can ensure the safety of

post-harvest cow parsnip from insecticide residues.
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Table 1. Physico-chemical properties of etofenprox, pyrifluquinazon, spirotetramat, and sulfoxaflor

Pesticides Etofenprox

Pyrifluquinazon

OCH,CHy

Structure © 7\ p
CHay—C—CH, “\—=

¢Hy b—H,

IUPAC name

2-(4-ethoxyphenyl)-2-methylpropryl 3-phenoxybenzyl

\(

1-acetyl-1,2,3,4-tetrahydro-3[(3-pyridyl-
methyl)amino]-6-[1,2,2,2-tetrafluoro-1-(trifluoro-

cther methyl)ethyl]quinazolin-2-one
Vapor pressure 8.13x10* mPa (25°C) 51 mPa (20°C)
LogP,,, 6.9 (20°C) 2.1

In water 22.5 pg/L. In hexane 667, heptane 621, xylene
soiy 55 ol deloometns o3 astne 71 1y v 564 met 250

20°C).
Pesticides Spirotetramat Sulfoxaflor

CHg
/I CH3\ﬂ JIN\CN
Structure = TN
= I L
FF

[UPAC name cis—4-(thoxycarconyloxy)-8-methoxy-3-(2,5—xyly1)- 1- [methyl(oxq) { 1—[6-(tn'ﬂu9romethy1)-3-pyridyl]ethyl}-

azaspiro[4.5]dec-3-en-2-one A6-sulfanylidene]cyanamide
Vapor pressure 5.6x10° mPa (20°C) 5.6x10° mPa (20°C)
LogP, 2.51 (pH 7, pH 4),2.50 (pH 9) 0.802 (pH 7)

In water 29.9 mg/L. In hexane 0.055, dichloromethane In water 809 mg/L. In heptane 0.242 mg/L, xylene
Solubility > 600, Toluene 60, Acetone 100, Ethyl acetate 67, 0.743, 1,2-dichloroethane 96.6, methanol 93.1, acetone

Ethanol 44 (all in g/L, 20°C).

2.17, ethyl acetate 95.2, octanol 1.66 (all in g/L, 20°C).
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Atk 7 Fokel 2,000 mg/L FHFEA
Ehrenstorfer, GermanyolA] +J3}.0™, A|&F2Fe] 3}s}
A 3z 2 Eg5t3 542 Table 13 ZTHMFDS, 2018).
ZAgseF BEAS 98] A2 acetonitrile, acetone B
methanol> Merck (Darmstadt, Germany) || HPLC
gradeZ T8t ARSI, ammonium formate®} formic
acid (>95% purity)= Sigma-Aldrich (St. Louis, USA)
AFS ARt A5 AA7] =2 FolA ARE
QuEChERS Extract Kit (4g MgSO,, 1g NaCl, 1g
Trisodiumcitrate dihydrate, 0.5 g Disodium hydrogencitrate
sesquihydrate)= Agilent (Santa Clara, USA)S] A FS AN
39tk SF4= Milli-Q ultrapure water purification
system(Millipore Co., Massachusstts, USA)| <]3] 18.2
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oF v Ml 7} 3nkE gl BT 1N R e
2, 7 AT Alelelle 0.5 me] $EHE T Al ek
A FHEAIA L PAARE7 1= (2,00000) Bl
(LooowH o2 =& 3F|Aste], 524 EF7(RW-10DX,
KOSHIN, Japan)& ©]&-35}] 15psi o2 A7} 2=
A FHe] Y AR FE8] AE3ITHTable 2). Al
T A= A F 247 o] FE AR 8l 0, 1, 2,

=
Aok A3 A EE B9 A SHE 24
& ok 20°ColA R F B4 AT

o
of
zF Aol A AT oF 1kgo] ANEEEEH 7H] F9)
£ E4)7](Robot-Coupe, France)Z FH3| a2&3}st &, 10
g A3 FFst] 50mL polypropylene UAE-2] 7
237 acetonitrile 10 mLE 7}8te] 87](MiniG 1600, SPEX,
USA)E o]&3t] 150 rppmoZ 187 A8 F&3t} o
o7 YAE A QUEChERS Extract KitS ¥ 1387}
A S50 S &, 3,000 pmoil A 57 Y4lEE

o] 359 (Acetonitrile )& Y8 F F3k 0.2 um syringe
filter® o{3}sto] A& o AREsIGITh Mg FoHE
A e 5 fRlEE BAM A F FEPAA LA
A2016-148%., 2016.12.26.)° Z713t] A AZntE L)
9] A7FEA 7] (Liquid chromatography-tandem mass spec-
trometry; LC-MS/MS)& ©]&-3t wid®A 72 (Matrix
matched calibration)ell we} 48t THMFDS, 2016). LC-
MS/MS+= UPLC (Nanospace SI-2, Shiseido, Japan)e} 2 &
£27](Shimadzu 8050, Japan)2 TFAEJSH, ALgH
column2 Capcell Core Cyg (150 x 2.1 mm, 2.7 um, Shiseido,
Japan)°| it} olu] LC-MS/MS2| 24278 Table 33 7+
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Table 2. Guidelines for the safe use of etofenprox, pyrifluquinazon, spirotetramat, and sulfoxaflor

. . AL? Safe use guideline
Pesticides Formulation N s — —
(%) PHIY (day) MNA?Y (time) Dilution
Etofenprox csY 20 21 1 2,000
Pyrifluquinazon ScY 6.5 14 1 2,000
Spirotetramat SC 22 21 1 2,000
Sulfoxaflor SC 7 7 1 2,000

Source: KCPA (2019) Guideline of Crop Protection Products

YA .L: Active ingredient, "PHI: Pre-harvest interval, "MNA: Maximum number of application, ?CS: Capsule suspension, ?SC: Suspension

concentrate
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Table 3. Analytical conditions of LC-MS/MS for 5 pesticides

LC Condition
System Shimadzu 8050, UPLC Nexera X2
Column Shiseido CAPCELL CORE Cjg, 2.1x150 mm, 2.7 um
Flow rate 0.3 mL/min
Injection volumn 10 uL
Mobile phase A: 5 mM ammonium formate, 0.1% formic acid in Water
B: 5 mM ammonium formate, 0.1% formic acid in Methanol
Gradient Time (min) A (%) B (%)
0.0 85 15
1.0 85 15
1.5 40 60
10.0 10 90
12.0 10 90
12.1 2 98
16.0 2 98
16.1 85 15
20.0 85 15
MS Condition
Ionization Electrospray Inoization (ESI, Positive)
Interface Temperature 150°C
DL Temperature 250°C
Heat block Temperature 400°C
Interface Voltage 4.0kV
Conversion Dynode Voltage 10.0 kV
Detector Voltage 1.78 kV

Table 4. Multi Reaction Monitoring (MRM) conditions of 5 pesticides

.. R.T? Precursor ion Product ion Q1 Pre Bias Q3 Pre Bias
Pesticides (min) (m/z) (m/z) CE ) )
394.10 177.10 17.0 14.0 17.0
Etofenprox 13.63
394.10 134.90 25.0 11.0 24.0
) . 465.10 423.20 21.0 30.0 30.0
Pyrifluquinazon 6.45
465.10 107.20 31.0 30.0 21.0
) 374.00 216.00 34.0 10.0 22.0
Spirotetramat 6.61
374.00 302.10 17.0 18.0 21.0
302.10 216.20 29.0 12.0 21.0
Spirotetramat-enol 4.49 302.10 270.25 21.0 12.0 12.0
302.10 117.15 38.0 11.0 11.0
278.00 174.15 10.0 18.0 19.0
Sulfoxaflor 3.46
278.00 154.05 26.0 18.0 29.0
“R.T.: Retention Time
3, 7t 5P Multi Reaction Monitoring (MRM) Z74-& EEAYM A
Table 49} 7XT}. Spirotetramat A3+9] - spirotetramat 710l 71t 2ok AT wet wlE] dAeE
9} YA spirotetramat-enol®] T2 A4S g A5
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working ¥F-89-& ThA] 9] FAE] AlEdel 0.5, 1.0,
5.0, 10.0, 25.0, 50.0 & 100.0 pg/L7} H == 343k 3 7}
10 ulLE LC-MS/MSell F=sted YRt chromatogram®]
peak W45 7|52 2 matrix matched 7] 418 2435199}
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2 AFo)x AR etofenprox, pyrifluquinazon, spiro-
tetramat (spirotetramat®} spirotetramat-enol®] 3F) 2 sulfoxaflor
o T FAIEATH Ol ik A 9 AEAEE AFs]
98t 37& AlFS AT FA T AR 10 gofl 7}
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FEo] HEE AgsiA Hrietal #dsiAl £949 the 1
AlZE 2] & 3718 ZbR-soF Ao wlet 33 RhEste]
S|&3 WHE 7ke] WHo|AlS(Coefficient of Variation,

CV)E A=Esisith. Aldwel g #a (Method Limit of
Quantification, MLOQ)= 7} 59 BFgdL ]85y
7171%2] signal ™ noise BI(S/N)7} 10 o]l 4

A
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al., 2014).

C,=C,xe™

%C ,=C x e

S in(0.5)

—k

M AHEEA
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5 7H735]8 715 (pre-harvest residue limit,
PHRL)Y> 54HE 78 A 2H738187|50) 29457 5%
T8 A A elA FoF RIS A5 we R, E3t
AR FFAFILIE (M) E31Y FAHARFIE
(M)Al 2228 (het &3t A A2yl AE &8st
AFZ3 tH(Kim et al., 2013).
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Fig. 1. Changes of temperature and humidity during experi-
mental period.
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Fig. 2. Changes of Cow Parsnip weight at sample harvest
intervals.
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Fig. 3. Dissipation curves and half-lives of etofenprox (A), pyrifluquinazon (B), spirotetramat (C) and sulfoxaflor (D) in Cow Parsnip.

Table 5. Changes of Cow Parsnip weight at sample harvest intervals

Elapsed days after insecticide application

0 1 2 3 5 7 10 14
Weight of all harvested samples (g) 13.8 24.9 51.6 64.5 85.5 116.4 162.3 178.5
Weight of each sample (g)” 0.46 0.83 1.72 2.15 2.85 3.88 541 5.95

IWeight of each sample = Weight of all harvested samples / the number of harvested samples

T 2% 0.01 mg/kgol ™, matrix matched 2] 2]

26% (% Ayt asle] 1EF Ael ol okl

AL BF 0997 o139 ARAT()E YERH dEst A4do] of vl ] WitH(Table 7). 142 A3 % etofenprox
Ark. ol F 2 ] 3FEL etofenprox 84.9- ZHREEE 0.02+0.00 mgkg (71=% A2l), 0.03+0.00

100.2%, pyrifluquinazon 88.6-108.1%, spirotetramat 108.4-
110.6%, spirotetramat-enol 86.9-106.1%, sulfoxaflor 94.9-

107.6%C10 2L, 548 BF 348 A8 HHE 7F 5% o]3}

mgkg (N AR F A3 EFolA s 1
FHEF 995%) AAaE BTk VIS F ouF AE
pyrifluquinazon®] o}42] 5 H% F=+ 77 1.50+0.03
AL, FRAE 5Y & JARF

9] CV#E YERN S tH(Table 6). ]2 st A= 2 F2lokE mg/kg 2 3.43 £ 0.05 mg/kgol AL, 5
EAA oA AX B 35 71 70-120%2F CV 71 20% L= 7 ATl 80% 2 53% AT 149 & 7R

o)5t2 W51 THMEDS, 2017).

UXE o] & s RY Het
Etofenprox= 91578 & % 57} 3.80 +0.04 mg/kg

(5% A2, 5.79+0.09 mgkg 1 F 22 F)0INL, &

FIE 59U Felle 2] ARTES 51% (1T AT,

=R i
o -

T AT B AR nvke 2 vEsith tiAb
A (spirotetramat-enol) SE2Fe] o2 A4 spirotetramat
o] 7] BEE 11.33+0.06 mgkg (715%F A2]T), 20.12 +
0.14mgkeg (F A2TF)eIAaL, HF AE FALA=
0.05 £0.00 mgkg (715%F A7), 0.02 +0.00 mgkg (N
AR F AT BFoM Ade ARE daFolE
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Table 6. Limit of quantification and recoveries of 5 pesticides in Cow Parsnip

Recovery(%)
Pesticides Spiked level Replicate cvY MLOQ”
(ng/ke) 1 > 3 Mean + SD¥ (o) (mg/kg)
2.5 87.5 82.5 84.6 849+25 3.0 0.01
Etofenprox
50 102.1 95.6 102.8 100.2 £4.0 4.0 0.01
. . 2.5 87.6 90.6 87.6 88.6+£ 1.7 2.0 0.01
Pyrifluquinazon
50 110.7 105.3 108.4 108.1£2.7 2.5 0.01
i 2.5 109.1 105.3 110.8 108.4+2.8 2.6 0.01
Spirotetramat
50 110.8 110.9 110.1 110.6 £0.4 0.4 0.01
) 2.5 89.4 84.6 86.6 86.9+2.4 2.8 0.01
Spirotetramat-enol
50 106.8 103.2 108.2 106.1£2.6 2.4 0.01
2.5 942 97.1 93.5 949+19 2.0 0.01
Sulfoxaflor
50 110.3 105.7 106.7 107.6£2.4 22 0.01
9SD: Standard deviation, "CV: Coefficient of variation, “MLOQ: Method Limit of quantification
Table 7. Residual amounts of 4 pesticides in Cow Parsnip after application
Residual amounts (mg/kg)”
Pesticides ~ Application dose Days after final application (day)
0 1 2 3 5 8 10 14
Etoft Recommended  3.80+£0.04 2.90+0.08 2.59+0.10 2.59+0.02 1.85+0.13 0.86+0.07 025+0.01 0.02+0.00
ofenprox
P Double 5794009 540+0.13 4.66+0.11 449+0.17 430+0.06 1.94+031 0.34+0.05 0.03+0.00
. ) Recommended ~ 1.50+0.03 0.53+0.01 038+0.02 037+0.01 030+0.00 0.16+0.02 002+000 NDJ"
Pyrifluquinazon
Double 343£0.05 286+0.07 221+£0.08 222+0.05 1.62+0.12 025+0.01 0.08+0.01 N.D.
Soirofetramat Recommended 11.33+£0.06 822+0.06 6.94+0.03 5.76+£0.03 4.98+0.13 1.17+£0.03 0.34+0.02 0.05+0.00
irotetrama
P Double 20.12+0.14 17.80+0.18 15.07+0.39 14.92+0.58 10.18+0.26 6.03+0.61 2.16+0.14 0.02+0.00
Sulfoxal Recommended  1.88+0.02 1.54+0.02 1.16+0.04 0.78+0.01 0.28+0.02 0.49+0.03 N.D. N.D.
ulfoxaflor
Double 341£0.03 2.68+0.05 236+0.08 232+0.06 0.61+£0.01 020+0.03 N.D. N.D.
“Mean of triplication with standard deviation
Not detected
Bk A go 2 sulfoxaflore] % FEE 1.88+0.02 9 GAF AS 58 7EA A7) Aol sS4t
mgke (1% AT, 341003 mekg (N A2l el w=7] wlo] Fof AL 5 A\7re] ATl nje} o] S
AL, 109 F F AT BF FRFes AP vjge] AR A% ¥ IR} N 5 I Ao vt
k. AEA] AT ABSE FHIRLS /1A%
Az, eAe) ded 54, st Belsleld 54, MEeY pb| ¥ Zadd

AE T FIR G AALS a2 AEY] FA R F
of ogt ks WA Hrh(Choi et al, 2018; Park et al.,
2012). oA AEA] FA] 222 ofE|e] Ay WA SR
Al AAE o] FHlo) A T wofo] FEEo] 27

ZbFepel| J¥ge mxle HAoT AdwEtH(Hwang et al,

TR 2tk etofenproxell el y=4.1325¢02% (*=0.8964,
715 A2 ) B y=7.7304e 0% (P=0.7656, vl F 22|,
pyrifluquinazonell thall y=1.4421"%* (1’=0.8695, 71F%
ii‘ﬂ:rL), y=4.2953e'°'4217" (r2:08756, HH‘%: 7-(11_"4:%), spiro_

2017). Kim et al. (2012)2 ZHEA|e] ¥ EAles 2 tetramat (spirotetramat-enolZ}2] ghell thall y=11.1473¢**™
= 99 AxE Fofo] R34 £ e xHAS STHA (=0.9810, 715 A2, y=21.1048¢*1™* (*=0.9783, ¥l
5271 9E FAERT Ay s 2 FoF ARES 2 & X 2]); sulfoxaflorol] thall y=1.9945¢"31™ (1*=0.9786,
o g Akl BAEih At Ao E HA| Woiql 712 AT, y=3.5902¢0* (1°=0.9283, vlHF A&TL).
T ¥ FHolle Axd Foke] Aol FaE £ Aozl 74 32 e] AT HES ol&ate] 7h Foke]
(Hwang et al., 2017). & 19] A|@2HEQ1 o] WAL W75 A3 A3, etofenproxs 2.7-3.3Y, pyrifluquinazon
o] g Qof| R} o] Feke] ol g2k FejoX] < 1.8-2.24, spirotetramat (spirotetramat-enolx}2] 3=
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Table 8. Pre-harvest residue limits of 4 pesticides in Cow Parsnip
PHRLY (mg/kg) Dissipation
Pesticides Days prior to harvest (day) constants”
-1
10 9 8 7 6 4 3 2 1 0 (day™)
Etofenprox 2715 2033 1522 1139 8526 63.82 4777 3576 2677 20.04 159 0.2896
Pyrifluquinazon 36.75 2563 1787 1246 8.69 6.06 4.23 2.95 206 143 1.0 0.3604
Spirotetramat 2829 2379 20.00 16.82 14.14 11.89 10.00 8.41 7.07 595 5.0 0.1733
Sulfoxaflor 68.89 5299 40.77 3136 24.12 1856 1428 1098 845 6.50 5.0° 0.2623

IPHRL, Pre-harvest residue limit, ®Dissipation constant of three times application, “Maximum residue limits of etofenprox, YMaximum
residue limits of pyrifluquinazon, Maximum residue limits of spirotetramat, "Maximum residue limits of sulfoxaflor

3.0-4.4Y, sulfoxaflors 2.4-2.94 = 1=} AAHo=z
QFARE 7|02 At 7| At w2 el R
W2 7S BHAE, ole o] SA nE 54
SRQETE AlFoHAY] t7] & 3dE FEs 5 A
Q910 o3k J3FS wke 7o 7 ATGETHKim et al., 2009).

Pre-harvest Residue Limit (PHRL) 2=

2 AF=ES AL s AlRdA ool gk =
W 5587158 1% A3 etofenprox 15 mg/kg (540
), pyrifluquinazon 1.0 mg/kg (21572]), spirotetramat 5.0
mg/kg (BAF) 2 sulfoxaflor 5.0 (FAH)SZ pyrifluqui-
nazons A|2J3lle 21E71F(FAF)SE A E] ATt
(MFDS, 2019). 5T § AE 2 ZAadso] e i
A3E A EHA etofenprox9} sulfoxaflore] 7153 2 vl &
AT BFoA Rl 7]E oWE JEth vk,
pyrifluquinazon?} spirotetramat®] 73-9- 7] 77| 18
7S IR oY A7) Ao met ZHREke] 7haet
of ZeRdlE 7IEE 2 i AT By ARS8
o E ATt 7F ko] JlEd ¢ owlE Ao 2
AT T S AT E o8-Skl &S PHRLE 24
2, &3} 1047 05| 5 etofenprox®] % 271.5 mg/kg,
pyrifluquinazon 36.75 mg/kg, spirotetramat 28.29 mg/kg, L
23 sulfoxaflor®] #F5%7} 68.89 mg/kg ool &=
ZEFSHA, S3tA S Qb SR EAIVE gl Al
of JETHTable 8). & AFE T3l AEd oAFd &
etofenprox, pyrifluquinazon, spirotetramat % sulfoxaflorel]
st S wiby] 9 g E AL BAEY]

PR &7IE AAE A% 7IRAREAM SEIHATE S

ZAtel 2

w7} 98] 198 £ UES =52 T B4
U/l SARAATH PAGES BA oheg
AT
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LC-MS/MSE &5}
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S ol&3le] 7t Fekel Wl E 4HE3E A3 etofenproxs 2.7-3.3Y, pyrifluquinazon 1.8-2.2%, spirotetramat
£ 3.0-4.4%, sulfoxaflors= 2.4-2.94 % EIE AT}
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