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Abstract The residual amounts of dinotefuran (DIN) applied to cultivated soil and radish leaf were
investigated to assess uptake and residual patterns of DIN through the root and leaf. Recoveries for residual
analysis of pesticides spiked with two different concentration on the radish root, leaf and soils were 85.5-
104.9%. The degradation half-life of DIN in soils treated with 2.01 and 9.35 mg/kg of initial residues were
6.2-8.9 days and showed rapid degradation patterns. When analyzed radish harvested every 10 days from 40
to 70 days which were cultivated in DIN treated soil, the uptake rates from soil to whole radish by root were
4.9 to 16.7%. Root uptake amounts of DIN were 0.020-0.057 mg/kg for low (2.01 mg/kg) treatment and
0.066-0.256 mg/kg for high (9.35 mg/kg) treatment, respectively. Absorbed DIN were more distributed in the
leaf than root at the early stage of harvesting, but the distribution of DIN in root tended to increase as time
passage. On the other hand, as a result of foliar spraying with the standard amount, 2 times and 5 times
according to the safe use standard of DIN, the initial residual amounts of DIN in leaf were 0.397, 0.788 and
1.172 mg/kg for each treatment level. And leaf uptake rates from leaf to root during experimental period were
1.7 to 7.1%. These results will be useful for determining management criteria for soil persisted pesticides.

Key words Dinotefuran, leaf uptake, radish, residual amount, root uptake
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(Charles 2004). A2 Kang 5(2016)
A fludioxonil ¥ metconazoleo] U 72 2
AU A AFEFe 0.5-0.8%7F XTI BEHL
(Kang et al., 2016), Lee 5(2015)
fluquinconazole % tetraconazoleS A/l
Futo] 7pARE olE= AF}E HiLg v ITH(Lee et
al,, 2015). woF¢] o|s}sha S43 AY, 2o FH], Al
373 5 ket 8]lof o) weke] FEARES Fold
ol g ¢ sloH, Q7R B FA Rt 2ol A 7t
Ao AREe Ae-et g 7R, 2AF 2 AR 2ol
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(xylem)E we} ZHEAR ol3E 4 9low, 313 71%
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(Kim et al., 2011; Ahn et al 2012). Hwang 5(2016;
2015)7 Kim 5(2014)°] F501 AFA= EOko_E;Pr
H F5E e 35 A2 AEA ] gy g 7
F grhar Ejﬁ}i’i ™, 53] E¢ 23] A 2
A7 B AR A s Froldel o AR EA
7} 93] dojd 7ksAde] dth(Hwang et al., 2016; 2015;
Kim et al., 2014). Bl 278k &k S0l oz 9l
ok A=9 BN e woFe] $ 9 F= el ¢
SRI AERY F4E 9 A= v Exst=Ttel
g} gepdinh. weby EGHE soFe] AERY Fold
e EY 5 FHE #HE ZoUt o old uet B
¢ % A xHoRRE FdE v Y grE
el 7 7K ARE B = T F%] Feld B
X P olafste Aol a7

AV 221 F-(Raphanus raphanistrum subsp. Sativus)
= vl Ao F ApiEze] 7 bol o mE o]
7Rre] SEfZ o] Dt A7 450097k Eo] Ak glom,
G FeA IEH 190 k7ol 3.9¢8] T 2194 ¢
o] 75 AF8la Y AR FAMH ] i 4F F 3}
U2 B550)QIthKOSIS 2016; KHIDI 2014). &) 2%
O oFEQHAA oM = - HEje} Az B - low i
st 7470, R 2 5970¢] EoFHRS]-87]F (maximum
residue limit, MRL)E A JTHMEDS 2016).
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Dinotefuran 3£37%(99.6%)> Dr. Ehrenstorfer GmbH
(Augsbug, Germeny)AF2] Z1S(Table 1), A1EFS 10% 3}
A (EE-Tes, QANE AME319T). Acetonitrile 2 methanol
2 HPLC THE= Burdick & Jackson Inc. (Muskegon,
MI, USA)°iIA] fomnc acid (>95% %) ¥ acetic acid
>99% =)= EY2KSeoul, Korea)ollAl  ammonium
formate (>99% <=%=)= Sigma Aldrich Co. (St. Louis, MO,
USA) 23 77} 79)5te] ALgstart. ARl o 88 Cy
4 primary secondary amine (PSA) A9k Agilent Tech-
nologies Inc. (Sana Clara, CA, USA)IA Fsle] ARE-3}

DIN®] 50l8) AL 7345 E HHA Znf
ARe =X Al 3 W 7047 HegstiTt
9o 72 x/‘ili Mz 10m><50m§ 3k A1

Eo]: /‘;_,_l-x ?‘5 HHQE Ed. X]}\]"ji-/] ‘6/~o]
B7] gk degroldl AT A AsE 9 i
xm;@g Tt on, A Agstd A3t 271
Srebe AdollA BrE| 2o SHkgeldS e A
TE TSR A (KCPA 2016)8] AHEHS 71507 3§}
o 71Ew, 20 2 SelEF AR etk s
olg) Ht= EY 5 FE7F 247 2.0(45%) B 10.0(32
%) mgkgZt HEE EY AW 124 st & ZIE
F2HE 10 em Zo|7HA] & #AskedT. =

409:—14—{1

H~1 off o wju fu

x_ﬂ AL3Z 3z

B dFoM e Foll $5H ARSEHH o ek &= AZE 5 3 A2l 7 20 x 20 cm Zﬂé‘ﬂlﬂ‘i JJ—ho}ML
7t =2 neonicotlnmdﬁ] %A dinotefuran (DIN)2] A g F vd EAse dFd PZLE 0.2 L/min®] #1
B EY 40| mE RRO Frol RS WAH) A 48 AN TR AFFFIY AP 2z
Sel 7o) RA HFES HAS] REPIS oty ojalo] F1S B = 2 Pele B i 4G 949
A shsint. Aest] 913, BE el B2 §4 Folsh vld go
Table 1. Physicochemical properties of DIN
Pesticide Dinotefuran

N
Structure | =%
H;c—i ZR‘CH “/\/,0

Chemical name

(RS)-1-methyl-2-nitro-3-(tetrahydro-3-furylmethyl)guanidine

In water 39.8 g/L. (20°C). In hexane 9.0 x 10-6, heptane 11 x 10-6, xylene 72 x 10-3, toluene 150 x 10-3,

Molecular Weight 202.21

Solubility . . N
dichloromethane 11, acetone 58, methanol 57, ethanol 19, ethyl acetate 5.2 (all in g/L, 20°C).

Stability Stable at 150°C (DSC). Hydrolysis DTs,>1y (pH 4, 7, 9).

Photodegradation DTy, 3.8 h (sterilised/natural water).
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MEME % A2
AE AR BEF] AF o AP 12470 5 092
3t 0, 3, 7, 14, 21, 30, 40, 50, 60 2 70U7HA] EZF 0-
15 cm Zol9] EFS vi3] 1 kg o3 A skt AT &
FAEE FA a5 T4 & F 2mmAl] FIHAA
Zelolgd nideor dgsie] YEEd st EFS
FENEH EF TAURDA 2000 wet 445 A5t
ATH BT Frold AT AR FE oA dEx &
404E 102 7ZHA0= F 48]0 ZA 70974 @ 2
719 75 tEAdo] A= it st Fold Al
e HT oA AP ML F o] 3] viE F
3 F-5 49U AR R slo 49, 55, 60, 65 B T0(HF
Tl st e Fe= AR BEAEH
(MFDS 2012)° w2} 913t o]z Fejste] deddz et
stol, Beld] Zolle EY AFES =2 7hA Aol W
| 5 FAE 34T § =efolofo]iet
A dAskste] 20°C ofste] WEalel AR A7

EYAIE 5 DIN= QuEChERS (Quick, Easy, Cheap,
Effective, Rugged and Safe) AOAC (Association of
Official Agricultural Chemists) S &3] FA13819 T
(Lehotay 2007). ESAE 10 g& 50 mL QA1 2] o) J
skal, 5mLe] SHTE H7FS F 2% acetic acid7} Z 3
acetonitrile €92 15mL 7}3}] vortex (Multi-Tube Vortex
Mixer, Talboy®, USA)Z 5%7F A& F& & YME
(4,000 rpm, 5 min)ate] A5 2 mLE FHeA ek FE8 4
S92 50 mg PSAS}H 37 A & A Eelskint.

T Bl o A8 A4 47F 10 ¢S 50mL 9AE

of] A3k & 2% acetic acid’} EFE acetonitrile 15 mL
Feted homogenizer2 5%7F 10,000 rpml 2 31&u}
sl FEI%ith. 7= ¥ FE89 S5mLE o]&3sfe] 2t
FEE st Y42 (4,000 rpm,
n)etich. & FEle] Ag- FE3 A4S 2mLE FHot
0mg PSA7} 71 centrifuge tubeell $7 HA|5H90H,
29 7% 50mg Ciy& ol&-ste] HA|stAct. BAg 2t
A5 A4E2] (4,000 rpm, 5min)ste] A|F AFS
0.2 um nylon filter®ll J¥}¢t ¥ Shimadzu Nexera UFLC
ol Shimadzu LC/MS 8030°] 4% LC-MS/MSE 43}
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ATt

4 71719] ©]E7d2 0.1% formic acid’} 37He 5 mM
NH,OAc buffer§2 7} WEHE-(MeOH)YE-S AHE-3190H,
4 columne Kinetex C18 [100 mm (L) x 2.10 mm (i.d).,
2.6 umpe AHS-SHATE DING| A4S 18l LC-MS/MS
9] ionization mode= ESI positive modeE ©]&3}%3L
MRM modeE ©]-&ate] A8tk A #i42 DIN £5
= 4 A AR FE93 EFsie] 0.0025, 0.005,
0.01, 0.02, 0.05, 0.1, 0.2 ¥ 0.5 mg/L 5== matrix matched
calibrations 23 %k & 4% peak area®t H|wL AF=3H3
ok A, AEA, AFA S s A% 37 AlES
312l A8 F DINe] 0.05 2 0.5 mgkg 50| HEs
Aglsted AAsiith. AEHe tig A=A (limit of
quantitation, LOQ)E 71719 10 uLe] &7 52 95}
o Aojzl 717132 #471E % (maximum detectable amount,

MDA w2k olele] 43t o] Az siict.

LOQ (mg/kg) = [MDA (ng) / Injection volume (pL)]
x [Final sample volume (mL)/ Sample amount (g)]

2em= oF 271 F715H0
AL 3.1 cmolA 82em=Z 9F 2.6
v F71etet. Hele] W T 64.9 gollA 1,028.0 g
2 1589 7HEF SR AR v 7 vt v 4%
ASS Bl T 4 AATE T F o] g A 7]
7k Z7HSPARE 40-702 Alo] E71ele 2] o] %
A7t S7kske AZIR, 99l Aol B FAle A7 17
2 360 F7leted HE Fge o 4
38.3 cm9} 291.5 go|ATh. A& F ko] R 2 LAWY
& 7PdHst 3 e A 891 dES WE
At o} o] ule) A A 3
W EY 5 I wo= R 5rE
o] FhE TAE Jgo gaFol Yephd 4 ok
(Marin et al., 2003; Fantke et al., 2013; Hwang et al., 2014).
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Dinotefuran2| Xt
ANE % DIN?| AHFEXL LC-MSMSS ©]&3I3t}.
Matrix matched calibrationg 233t A3} z} A& 77
e ARAAGT(RY) 0.99 ode] g5t A48 1o A7
BAol Agtalgict. 7171 ¥4 A MDAE 0.025 nge] e
o, 0] WE B LOQE 0.005 mgkgel AT E
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Table 2. Recoveries and LOD of DIN in soil and each radish compartment
.. Fortification level . LOD® MDAY
Pesticide Sample Recoveries”(%) + SD”
P (mg/kg) %) (mg/k) (ng)
. 0.05 104.89 £ 1.36
Soil
0.25 104.56 +0.54
. 0.05 109.00 £8.72
Dinotefuran Root 0.005 0.025
0.25 100.27 £3.95
0.05 85.45+3.46
Leaf
0.25 104.89 +3.63

¥ Mean of triplication; ® SD, Standard deviation;© LOD, Limit of detection; ¥ MDA, Minimum detectable amount

Table 3. Physicochemical properties of the radish-cultivated soils

Soil pH Exchangeable cations (cmol./kg) oM? EC? Particle distribution (%)
texture (1:5) K Ca Mg (gkg) (dS/m) Sand Silt Clay
Loamysand 5.6+0.0 0.8+00 23+0.0 05+£00 263+24 1.7£0.1 87.5+£0.7 9.6+0.5 29+02

2 OM, organic matter; ® EC, electrical conductivity

* a T RootmEmmShoot —@—Root diameter ° Ed = X5 EN
% [ 8 = AN EFE F7lw0] 26% LHE AHEYGER
£ 2 | el A4vh @ BEE 5 9on pH 56 o Agow
= 5 P2 ANSl 438 £ ootk Table 3). ¥ 95 A
£ 2 L4 £ =90 DINS 2 2 lomgked BEE AE EY F
© DINe| 7] ARFHE Aww Aol TEw AT
° B 27 201 % 935 mgkgO® eht op7E 2 EaAe)
0 o H9e-s gl ¢ % gtk Fig 29 2ol, 72 AM# =
0w e % % DINS| RFF Azl Azel wet A% 7
Harvest day (¢ adle] HF Y B F DING AFE AT
AEe o2 AU IFE AT A5 0.07
1250 { fp DRoot EShoot mgkg®® HZE o] T 7] T4 DINS 99.2-100% 7+4
1000 - sttt o] AFE v R B Aui7|7F 5 DING
% o AFAL A4S T A5 24 DING 3
5 AAe y=3.6911e 22 AA ASR%C] 0.88480]1.0
= 50 B, 25 Aol ga HANE y=12464e 5 2
250 1 AR 0.9537=2 Uepstth el B 3 DING| &
o Il I—x—- . : 3 W)= 62-89U% EY F 27] Lot dAgle] w

40 50 60 70 E &8l 9 oA FE BT

Harvest day (day) - A EFell A DINS oA A 5 21 7HA= A4
Fig. 1. Changes in length (a) and weight (b) of each part of 3| BalEle A Holurt 1 ARk 96.2-85.6% 244
radish plant during experimental periods. sto] 30UHE HF T 7 vl =2 elEe A
e Bk ol o] A8l wek el G 37}
9 7 59w AR o3 DING H5EAE Ao Table  7h ol AVIZ EomyE G 2 she] F47)
2¢} 7ol 85.5-109.0%, WHo]AlG(coefficient of variation, ST Al710)0, Eofl that &3 =7t 3 log P Ftol Al
CV)E 1.7-8.6% TEo2 2HF5oFed 71%l 70~120% Ao uhe dinotefuran®] =348 Addo] =A 7]<lst
3|ES TSI HoAIF 10% oW E w313t LC- of B &3 7 7= FroldEe] Yepd Ao
MS/MSE H4% 7} A|Z8%¥ chromatogramol] 7+ peaks: T mEba olejgh Eal S et oA A &
EABHA] ¥t 21974 E¥ % DING #al vb7le= o dojxinka &
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Fig. 2. Time-dependent residual patterns of DIN in soils treated Hzslo] Manr) oo AR o= o] wo| Exsl= Ak
with concentration of (a) 2 and (b) 10 mg/kg DIN over the 1; stef el GRS 1 &l B¥shs 49
cultivation period. = B3lon, 1 Aol FolMe 4004 502 7+
A 78 7] F e H o o Bol xS A7
T ot W, 72 AEskA] 2 tixT EY S5 DING o] Zstel wt 60Y A FHE F Y F E¥UF 2
ol &2 84.0-90.3%= T A Bl vls| G om = 719 H13) 4.190 KIS Woo 5(2000)y QoA S4k
sl ARS HAFITh E3 AX 5 21U0A 309 Agol sl g #o] dof FE EHlHo] ol &
59F DING| 7HA8-2 144-329%Z F A B Hop & J, AR i XHldo] 2 £7] E B Bex
A Yelstth. o]#igt A= DINo| #RE e Bl s Bl S ol A AW R olFe] dofd
A AEE Al A EY 5 DING 22t Adst Thal AR gk vl ok, whebA ol ek A - wele] 4%
P A F e 8% F SUE A4 B} Qo] Aol WA dojuba a5 § 50847 A

Table 4. Residual amounts of DIN in each compartment of radish cultivated in soil treated with DIN
Residual amount” (mg/kg) = SD?

Treatment level Sampling

Pesticide (me/ke) date (day) Compartment of radish
Root Leaf Whole
40 0.034 +0.001 0.076 + 0.008 0.057 £ 0.002
) 50 0.011 £ 0.000 0.041 +0.004 0.028 £ 0.008
60 0.011 £0.001 0.047 £ 0.005 0.020 + 0.002
) 70 0.007 + 0.000 0.030+0.001 0.012 £ 0.001
Dinotefuran
40 0.111 £0.005 0.371£0.031 0.256 £ 0.012
10 50 0.089 £ 0.004 0.232£0.013 0.173 £ 0.005
60 0.075 £ 0.005 0.194 +0.010 0.106 £0.013
70 0.068 + 0.007 0.058 + 0.006 0.066 £ 0.007

9 Mean of triplication; ® SD, Standard deviation
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Fig. 3. Distribution patterns of dinotefuran (DIN) in radish
grown in soils treated with 2 (a) and 10 (b) mg/kg.
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Fig. 4. Residual amounts of dinotefuran (DIN) in radish
sprayed on leaves with concentration of recommended (a), 2
times (b) and 5 times (c).
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