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B1E S

HAREER L IRARY, HHBFEOHEDEOADENE NS BT, YikEDE,
SEVEHEEET LIRS (Fh) HNEXMIZHEAET S, Bey-Bienko (1963) |, F/AFA
AT v 7ONELERZRB LIEHESORBBOELEZER L. TORKR, LLERTI
30 EORBSFAER L TWED, ZhERMMILEBECT 128 IHIL, E056b
T2 19 A L&D 94%%E S iz, EEAED Lii—F T, 1 EHA— bz b ofEdkk
AT EFORL D bEEEICENLE. ZhiZREROFITIEHS0, #eEHLEED
CHAET O FEE) SEENICRETS. £, BV RRIEESLEER A
T, EBLUAOHEY, ThbbLbEERFLLT AR5, 20X LRFEEF T2 8H
HUZEBWWT, BEEZ2JERETICED LIS LSS oRINE CEYE) 1, KfETit
#130%, EFRTIIH 20-60%, HELV TR EORBTILIZIX 100% L7220, REHZIOWT
IZIELAEINETER D EPRENTVS (HREDEERS 1993). BIESER
DREELEEICBWT, BOTEERRBETHO—DTHLI I LEIESICBRTES.

HREOREIC L SZEHRBEBROLEITIE, 1SHRELATL ViThh TWi-EWERTH Y,
BHEZFALTRENET 27 W EOBBREI T 2O EE Y LS TS GRHFIEDH
2003). £D#, 19 {icEF 6 IIREER, A F—ik, FEBTA, vEm, 7 ABL
Wo e RBMEBE L UEREEHHPBEL LTERAEINS X5 ICRY, EREESEEOHR
BETH-o -5 2 it R8T DDT, BHC, /{7 F 4, 24D L\ o ElARILEY
BEORLERS. —FT, BEOHEFRRELOABRBESHEY BFICHEL5L5F
FInRohiZ i, BEOAEORFLMEZES T, 1948 (7B IETEHEIFHE
&h, BEORGHEOCEMANRESINE. BETIE, BEOAK - BHFNE KESE
W~DEEHE, ECHBIZET HBREE, FIIK~OFREER X UEKDEZ 2%,
ZiIFIZbl- 5RERESRESH, FREOHKE, BHEMEFERICEY L2ThiZREs
iThh, BEORE, WEBIGERNSEEL RS, ZORGEH EILX, BIEFERIZLSA
¥WE, ROELL BEFR (AEME) x50, EHEFEOESRS, Ro
ERIS L TELAWERTORTE R (B2 2014). Fl2iE, B2 RkKREEOEERIE
T#H-7=DDT, BHC, ~F¥rnu)l, ILIZFTVEI Y, FA4AMFTYy, = Rren



o7 F U A%, BEnREoFBERFREEDL /EC1EIc BT 2 RIEREHE, %2 DDT,
BHC |Z2W TR 6 &2/ LI FAo5RAREEE 29, 1970 £RICIIBREN LB SN T
W5, BE, ZhhoD{bFHEIL, 2004 FlzRgBIh REEFTHRFLME (POPs) (2
BT 5 by 2R L% BT POPs ICIEESh, RS TRLE - EROIE, B
AR LTINS,

FHCERILZEBEOE JZHBICAY, Ml TIIEARE O 90%, 7K H Tt 50-80%
BEFTBIZOFATSESbhTnD #EIZH 1998). Z0fkd, REOREREIZE
VT, BEOCHERBICMETAIRENROOA TS, LEOHENRAZD 2 >ORS
THERERBRPERE S, TORRERD G TEPEEE (DTs) BEGREEEL
DL EWVWEHGICIREIESESRE IS, ZORGRFEERET 2005 £iZtESH, kD
TEPBLVELV I8 RICEEXh TWa. £, 2P ToO DTs 4% 100 BLL EOH{E,
TEICRE L-BERZORICHESNDEY (BIFY) 2i5RT50TrORENRTD
ha (BHKESE 2001). #IEHBREABROBE, REHICETIRERENEEELT
TRIThERFIIREESIS. Z0 X512, BEOLTEL LUREDICEITHIREEILE
gRFCRESh, BEOLVWEBEOZRBREINTWS. LirL, R¥T 427V R MHIE
DA S 2006 ELURE, B#ECREARELBA THERGROD 5 BENFHH S,
HIRAEH OFLE - IESEOIEHELRBR LN -FHANBE S TWS (&) 2010). 2006
FEENPSAEEBORWE Y X7 2 o FAURYBERLEL A4 A0 B L5,
NI ARNTARBOFTHEICER LY 70 Ay FAREDDOREE S =57z ¥, POPs
ICRESh TWRWERERZED N ORHSA - LBEMsh TS, EBRORTT 4
7V A MHIETIE, BEREEERCBTIREEBESRESNTHWHEEIZR-T, 4%
BREEREE (EERE) 282 50F00BREXRTOATWE. —F, FicHAZh
e T 47V A MHETIE, REEEEIRREORE L EHOMRAEGDEICH L THE
BIEMBEEL 0 bEE LV —RERE (001 ppm) HEASKE. Z0kd, fERIEIEELLT
Wi o R BIEOREHREMENEELELELO L EZ O, 2006 £ LY f#HErIZE
BEhTWAREAOEERBRESMESRIEEE) GESE 20060) (B TH, &ML
L THE SN EFERECRBEC OEHEOREN —REARELZBA THRHEN T Z LN
WESNTWS., ZThoomRR, EREEEARESLTHWRY, ThbbL—REEE
PEAESNSBELZEVOEAESDEICOVWTIE, EEOAERSICENTHLEENRE



HEEEBANPEZV I DI LEREBLTNS.

BEOCEIEYERFEOFMEICIDWTHERL KEEZL®RT S L, MEOHMAF—LITK
< BhA (Fig 1). BBRo LBV BAETIE, £T1HE8EPTO DT, & b & ICFHmRTHHR,
W% DTs0 4% 100 BU T OBE I EEYRERBREEOCRE BRSNS, Zoid), B
ERRTREFINTVWIREOCE ITIEIEHRERBRFER S TV, —F, XkET
1%, KEEDB LUFEKREEDICER S 2HE2RE, FAILTOREZ YW THRAE
R fEZ AR EDABRBSERE SIS (US EPA1996). ABIHBOMER, AR
B ORBED 001 ppm 2B TESTH LRI SN HHEIZRBEHOREZTV, &
BRI ERC BT 2 RIEYRERBAER SIS, KETIE, ZhooEBHERICZESH
T, BIEMOMERITEEIEIIRT (plant back interval, PBI) 5 X OMEEMIC BT A BEOBEE
EEAREL, RIEP1LBEFREZEELB L TRHEAIOERARIHLELTNS.
b X 51z, KETIIHEEDAHRERIC L BED L)L /EH~ORI - BT, B
ERICB T 2B RES L, BRER (BHRAR) 2 ERT H0-E0L0HIBTICEREO/E
PICBTSRERENRERSLTVS.

—%, BARTIE, B1EEE L TEREDO BB TO DT, /4bb @b ToMIEEE
ICESWTERBECRIEDEREESFEMSh T A. LL, BEREL THERED LA~
DOETEXRZTNE, HEPICRETIBERIILRENTS. £, tEPORFEN
RILTH-ThH, BIEMIIBITHIBREEIILECEY, BEOEEICL--TRRDIZLHR
HEZRTWS (TTARIED 2009; B#1FEH>2010). Z 0, BERICBWTHEERRZHE
SEHALLEFLOFMEOMESIRO GRD. WIEERSHELSH TV D XKEORHIE
BI¥ELIERLY, BRTIVMERBRICBONTZHEOEDREE SN SO, &iED
OEELZEERTHD. iz, HAFHOXNUETH S RO LEET, WO/ 5 BE2RA
Z7EHREDTEY (LBEREHEFELEHES 1991), Bt HBoEELKE LIS
<ERD. #-oT, KETERLTWHEEDAMNERL, TOIEERORGHRE~H
ATHZLIFRENTIIRLS, FOECTERE L VW ->RBEEFORNEETS. —7F,
BEOTBEB~ORTELSLIVHBP TORBEEENS, HEICBTIREORERELT
Tiiha<, RIEMCBT2REBBELHET H2FEFAR L, YEHEEREICESH
TCERRMGEMAFREL 25, Z6I, ZOXIHIBREEFEIR, BFERECRLT, EE
DEERFZBWTHLRIEDOERT OB 2H T 5F8RR2Y— L R0 B5.



BIEOCHEDICE T IRERELHET S LT, LEPBECEETSZLITEHTE
BETHDHH, HEPOLTORENED R - BITEh2bI Ty, BEEZELH
BAFPHEIT B ICEA Sh ek, FRORBE & bic, HEETFOMASHEEEDO
R~ LEEET A0, TOEHEETT2 (Fig2). =— Y 7/BRF LB LTLHE
B F~RE I RE L AR EmEIY, DEMEY, I Xk XotrESHNE X TEDIC
Lo THRVAEFNIZSWZ LAMON TS (Alexander 2000). EE, TEDOFHILED
Hix, 7B o7 b=FU N, PrunR i lnsEfilih o B cml
&, HEERTIC3EERS L7 bound residue [ X, FoheEriMmahs. +ib
B TR ~FRE R E LSS F A LI WBEIZ YW T oS E RS, L
L, Reid 5 (2000) ¥, ZBRAGEFRRILAE PAH) OLBIBIT5REELBAEDICL
HEREELOBBREMEL TLY, HEPOPAHEZ Y 7 un A X o CHEHLEHRE LY
LHADOEVE Fexi oA p7aFR ) TR LESS, @EOHBEBIT
EhoftZ LE@WEL TS, £z, Sakai 6 (2009) 1%, ERNOEELENG 50%A F /
—b K (wi) THHEWET A VR CBER, 7k brTHHEh-BEIY LFa
TYVRERDF4NF) VBEEZISKRBEL TSI EERLTWS. 20k, 1
PORERENORIEMICIBTIRBRBRELHET 25S, 1EFH~0ORIN - BT, +42
DHEY~OFHHEZEE L LT, BEOTEP TOSEBIMET I LERHS. L
L, BEBGOHLBEICHOVT, EY~OFHSEMOB A6 HEPBEOmMMES
BB L= lIIIEFE Iz,

FHRETIE, BEOBRIEMICBT 2REBELZHET 5 FEORRE~MIT T, 1EHHK
IV RTeE e HEEh RIE (FIAGREREE) OBRBICT 2R EIT-. B2ETIET, HE
BEOH5HBIECHOWT, FOBELZM T 5 LEMmHEERT oL e L. £
fo, BIEM~DOREORFEZFRMRICHIETI8FL LTKETHAZNTWS PBIOFZ
HERIET 5720, =— Y7 (BELE)LEEE TOHM) oRENEHTOE
ERECRIZTREIRMLE. F3ETH, EOSNRIFTEELRES Th o 1805 ki
HEh2BERE CKEIHBRE) (CFE L, KibHBEOHBERELZHOHILE. &5
2, BREOTETEORNEEEITL, RMEFHLRRESTA—FEZBATLIZLET
AKMHBEORBELHET 2FEORBLEAL. HEREORNELLL TRIT 27201
i1, OECD i (OECD 2000) kY Reb7- HIBIEHRE (K PEELERZRETD, &



4 ETH, KaOESHERZ HELREOB(LFESEL L OMEFEEEOBR ) BT 21T 7.
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studies (Field trials) > | Registration

W
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Yes succeeding crops (Field trials)
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Registration Registration
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(B)

( Sutudes of fate and \ Yes

accumulation in rotational > | Registration
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compounds (Lab trials)
~L
TRR*'in rotational < Sutudes of residue in
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\_ J T -
*1 Total radioactive residue No Residues in crops
< Limit of quantification

Ll E

Setting PBls*2 Setting MRLs*?

N/

Registration

*2 Plant back intervals
*3 Maximum residue limits

Fig. 1. Decision tree of inspection for registration regarding the pesticide residue in succeeding (rotational) crops.
(A) Japan, (B) United States.



Nanopore

Nanopore diffusion

Organic matter diffusion

Fig. 2. Conceptual diagram of two models for intra-particle diffusion. Slow sorption of organic compounds
resulting from entry into the solid phase of the organic matter or entry into nanopores.
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JREEH THEE AR L TR~ - BITShA%RIEH ~0REBREIZBWT, LEPE
EOEEIZREDICBITHIBEOREELZHET S ETAARTHS. TSP EEOHHY
IZdhTco TIHMHAORVWAEREESAVWOhD Z A2, BERGRICGEHENS
HERERBIIBVNTLTE FFoF#EESAAVW O, FoRELESBEHEA TS
(BHOKEEE 2001). LAL, HBICBRELEZBED S L, H#Eboksy, bbb HEE
E~EH L EBEOLPEM~BITT A LB BESh S, EROFHERMHET
IR BE L, EPRENTERVESICOVWTHHMHLTLE > BhAH 5.
->T, MHAOENFRERE Tl - EEShBEETIILENGED~BITT 5 EBE
EX MM T WA H D.

Ziio (1990) 1E, HEPBEIEOCHED~ORBEEZREANOEDOBELANORELTE
N, TEIZMBLESC T4 AZV L DAZ VT T4 77 AR HIEES TN B K
ko THHah/-BERE L OMT, SVHMEFRETLEZLEZRELTVWS. 20
HRTHAZ VTV IFA 7 Z7ATOREREIERSATVWARWVD, HEBEEOIESH~
OBTEEZFHET 27201213, HEOKMEHESICEE T H24EEEZTRR LTS, L
L, BBACREAIZOWT, (Eriato8aho HEhRELER - 7ML 256
FHFEIZARL, £, HTHECHELEENRLSE L OBREIZ OV T HEOKMHE
PEATEZS20ETATHS. EO~OFEtELFM T X 2 L8P REOME H L FEL
Shhid, (B OFERIOBSEH» o TEEZEML, RBRERELHALNITEHZLET,
WS CHESNAEPOREREAZHET S LAEL RS,

HRICBE LA EBLEDEIC L AR ~0iF Rt & LT, 1T To DTs S E4ELL
EDOF 4N FY oRonTE I aconTiE, EEREEOREEHM O LE~0BA
(Hashimoto 2007; Murano et al. 2009; Saito et al. 2011) “>{ERIF A SLFEOF|H (Hashimoto
2007; Otani and Seike 2007) 2L ¥, BB T ABREBEZERHSE-FHALRHSH. —F,
BADOBESRGEIZIBOTIIEEDOHEG TO DT, DEENMLAL 2-TEY, DTs A% 100



HEZBZ5LDIZOWTH, RIEDRERBROER I RDLND (BHKESE 2001).
T, BEREEFEHIBEICOVWTIILEP TO DT 3EL, 100 BUTTHD Z LAZE
W, Z0 Xz, BEOZPEBNES I CHBEPTEET S Z Lirb, #EYR PBI 2%
752+ 7T, BEOTEGTOREE, SOIZREREDICBToREEZENzES L
WEREL ZEZOND.

B2ETH, FO~OrEELHMTE 5 HEPREOMHFEEZHREITT 520, 15
FOREEZKLETE FCOEROVTERMHZTo. KBHBER X UEMHRBE (ki
HEE + 7 & b HHRE) 2R, FHMHRELEDHOREREOCRELZMELL.
%7, PBIREDCOOEMOLMRZEL D, HEx— 0 VB (soil-aging period,
SAP), §abbLEREOMNENLEREE TOMMNRED LEE LUEDFOREREICK

ETREERN L.
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221 R tTEOME

B{LEMRRRD 4ABORATELFER L (Table 1). HE L7 HEREHIREREE, 2
mm O %@ L. T pH (H,0) B L UEREREIZ, ~ /L FKEH (MM-60R; DKK-TOA,
Tokyo, Japan) (ZX Y, Bt 1:5 OFEETHREL:. AEREFSEIL, CNa—F—
(MT-700; Yanaco, Kyoto, Japan)iZ X V) B RBEETEER L. BA AU ZRERIIRE 92
HiE FAIED 1992) ik Vb - BHEEEE, A F7z/ —AFREEEIC L -
THIE L. REAmIE e~y Fyif#F (DIK-2020; Daiki Rika, Saitama, Japan) (=X ¥,
Bty bE (RERESITEREZAS 1997) THE L. BB I U, B
THE5%E B3 REETIR (Bt HBESBEERS 1995) B LUEELEZSE (HERE
SITEREERS 1997) Lo THFREFRRE S LT,

Table 1. Properties of test soils

: — oc” CEC” Clay pH B
Soil Classification Texture 1 1
(%) (cmol()kg”) (%)  (H0) (mScm’)
PS1  Yellow soil light clay 1.02 114 390 53 0.09
PS2  Graylowland soil  silty clay 146 182 253 58 017
PS3  Andosol loam 521 338 10.8 55 0.15
PS4 Andosol silty loam 8.65 354 18 58 0.05

% Organic carbon content. ™ Cation exchange capacity. © Electrical conductivity.

10



222 WEANEOLED

F 7 7 )= K ERE (log Pow=0570—356) B LUV FEER RS 4BOHE S
HB XU 4BOREH 2 M L7 (Table 2). =R DM 97.5%LL £ T, Wako Pure
Chemical Industries, Ltd. (Osaka, Japan), Kanto Chemicals (Tokyo, Japan) 35 J. U Dr. Ehrenstorfer
GmbH (Augsburg, Germany) X VA L7z, SRR, siropilsiiE, BECERTS
EBOESR (KE/ o~ 77207 LEESITEH (LCMSMS) i3 A7 o< |
77 7EESTH (GCMS)ZEZEEL, 2 207 N—FIZ438 L (Table 2).

Table 2. Hydrophobicity and analytical groups of test compounds

Compound CAS no. Pesticide type” Substance group log P, Analytical group®
imidacloprid 138261413 I neonicotinoid 0.570 A
clothianidin 210880-92-5 I neonicotinoid 0.905 A
thiacloprid 111988-49-0 I neonicotinoid 1.26 A
fosthiazate 08886-44-3 I organophosphate 1.68 A
metalaxyl 57837-19-1 F phenylamide 1.75 A
flutolanil 66332-06-5 F phenylbenzamide 3.17 B
procymidone 32809-16-8 F dicarboximide 3.30 B
tetraconazole 112281-77-3 F triazole 3.56 B

% Abbreviations: (T) insecticides; (F) fungicides. ” Octanol-water partition coefficient were obtained from the Pesticide
Properties Database of TUPAC (http://sitem_herts.ac uk/aerw/iupac/). © The pesticides were divided into 2 analytical
groups on the basis of the analytical methods.

223 BERMETA FOMK
T BEAY—EFT A0, BEEfNET A FE2FR L2 (Namiki et al. 2013). &
80mg DEIEEELE 1ISLOTE M THEREL, AT ARy MIETFRE400g 0k
Z4 bk (No.545; Wako Pure Chemical Industries, Ltd.) (2% 7=, AR F 2 7 THEEE, K7
T Fx o RA—NTSEMBET ST 28R - EESEE. SllLEET4
Mo EIEBEL, 7F b THiH#%, LC-MS/MS (Table3 35 X 18 4) 35 X 18 GC-MS (Table5
BXUe) THRIELE. sEBENTEEMEIL 84137 ng/g Tho':.

11



Table 3. LC-MS/MS condifions

LC-MS/MS conditions
LC ACQUITY UPLC (Waters)
Column ACQUITY UPLC HSS T3 (Waters),
30 mm=2 1 mm 1.8 ym particle size
Guard column ACQUITY UPLC VanGuard HSS T3 (Waters),
5mm»2 1 mm 18 ym particle size
Flow rate 0.35 mL/min
Column temperature 40°C
Injection volume 5ul
Mobile phase A acetonitrile
B: 10 mM ammonium formate
Time (min) 0-1.5-7.5-9.5
A (%) 10-10-95-10
MS/MS Quattro Micro API (Waters)
Tomization Electrospray ionization (ESI+)
Ton source temperature 140°C
Desolvation gas temperature 400°C
Desolvation gas flow rate 900 L'h
Capillary voltage 1kV
Table 4. LC-MS/MS quantitative parameters
Analytical RT¥ Precursor ion Product ion
Compound )
group (mim) (m/z) (m/z)
Clothianidin 2.67 250 169
Imidacloprid 282 256 175
Thiacloprid A 34 253 126
Fosthiazate 427 284 104
Metalaxyl 438 280 220
% Retention time.
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Table 5. GC-MS conditions

GC-MS conditions
GC HP6890 (Agilent Technologies)
Column EMV-8MS (Kanto Kagal),
30 m=0.25 mm id *0.25 g film thickness
Oven temperature 50°C (1 min hold) —25°C/min —125°C
—10°C/min —300°C (10 min hold)
Inlet temperature 250°
Carrier gas Helium (1 ml/min}
Injection volume 1 pL (splitless)
MS 5973N (Agilent Technologies)
Tonization Electron impact ionization (EI)
Ion source temperature 230°C
Quad temperature 150°C

Table 6. GC-MS quantitative parameters

Analytical RTY Monitor ion
Compound _
group (min) (m/z)
Tetraconazole 16.02 336
Procymidone B 17.78 283
Flutolanil 18.13 173
? Retention time.

13



224 BENETEIZBT 5 o~ Y T OHEHAR

vV FOFEFIZIZT00mL ERY Ay FERAW-. Ay FOFRB IR THEORIREE
ZERE L TR LB (PS1:630 g; PS2:550 5 PS3 B L1 PS4:450g) 2 T FAF v 7
Ry ZRIZIET T, RELIZRH LT 100 50 1 0EEORERTMEZ A +, 2 g O{LEE
(N-0.16g, P:007g, K:014g) BLU2gDELRKEFH—IZEML, +HIZiRE L.
BEticBiT A EBEERE o X, A4 707V F:131, ZuF7r=1:133,
FTorat) F: 137, AFTF7F0:124, FAFTE—F:-133, 7V FF7=/1:106, 7
B R 08 BIOTF FFaF Y —A:110 Thot., FARLA-HEREZRY Ry b
2B, S0, BERLZEDLIEDICTHEORRBIIHSgD—F4 FEMA, BJR
Lz, EEEKICEVBEREKED 60%E 725 X 5 I HEksyE@Rl L, 24 R -
B CICRELEALREBZENTAS v Fai—Talr&#To. 2HEBRIZEEBELTET A
FOMENL T HMOA yFa— 3 VEIZ, PS2BXTUPS3 IZ2WWTH, &6IZ35H
Miltes BMOA v Fal— a8 [LHEx— 0 7V (soil-aging period, SAP) »
LT7H, 35 BBX163 B#®IE] \2=2~YF (Brassica rapa var. perviridis * £ 7> 72 32°)
PHEL, BEZERTIDICEREKED 0% S L CEEkyZ2HE Lz, BHEE
D a<YFid 13 FEHA# 25 °C OFHTET =&, LEAKSITEREKRKED 50%0 5 70%
\CHERF L7-. #ETE 10 B B DUNHERTH £ T, 50mL OEEIER (KEATAALED 2
ERGID 2M1BBEIC10EKELE. 2FRBREE LIEENS 28 AICa~wY T OXEE
A U FE L, Y2 B T RS, Grindomix GM200 (Retsch GmbH, Haan, Germany) (2
LTVERLE. S5z, B 10gE =N E—D—IZEVEY, SOomLOTE F%
% T 30 45 fI##E L 7=, Polytron® PT3100 (Kinematica AG, Lucerne, Switzerland) # F\»
TS5HMFREY =T 4 ZHZT o 7. fHEIZALED 08 pm O 5 AFRHERMEE AWV T
5| Hi@EITVY, AHIZTE R T100mLIZART v 7 L.

2.2.5 fESRE O 53 iR fE

224 BEMETRICET D 3= Y T OMERER) THRE LI fEoRE 07 & i
L, (EBEOI/N—TFZLICRRSFETHRELE. JA—7 A IS0 TIL, FEL
f210mL O 7 & b rHHEICR LT, 100mLO7 % b=k VA Z2MZ TERMLEE,
ENVI-Carb I'PSA # F v (500 mg/500 mg; Supelco, Bellefonte, USA) ~ifi F L7=. SmL D7
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th=hUATEHL, BHlZo—F ) - AKX L— 7 —TEEEg, ERART R
L7, 05SmLO7 & F=FUAGK (1:9,vv) TREHZBEEREL, LC-MSMS THIEL
7= (Table3 B LT 4). FA—F BIZ2WTIHL, S0mL @7 & ki ZoE L, NEHE
EME (YA TV d10) ZFENE, o —F ) —x AR L —F—T15SmLELTFIZR5ET
WG L7, BHEIEAE A Y7+ H F L (InertSep K-solute 20 mL; GL Sciences, Tokyo, Japan)

IZHEF L, 10 9R8EE, 120mL 0P an 22 CHEHLE. BERTa—# ) —x
AL—F—CX ViR L, EFXM T TRER, 3mLO~FH /TR, 8:2,vv) T
FLE¥ % AEAE L, ENVI-Carb IPSA 7 7 A~Jit F L7z, 10mL O~FH/FE b (8:
2,viv) THEHL, BHEIIo—2 ) —x AR L —F—B L UEERARICL V200 pL £ T
A% L, ##EIEA GC-MS THIE L7 (Table S BX1f6). LC-MSMS BLTUGC-MS (2L 5
BIEOERICIE, LBEICG U CERESEEERICESLMRAORMELZRNL TR) L~
kU w7 AEEREEEE A VT (Zrostlikova et al. 2002).

226 HEIzEBIT 5 BEOHEE

TEPEEOHRIL, EHERSXEZERIT T, 224 BROUETEIIBT a2y
FOREIEFR) L REROFE (S—F 4 bR L CEEREOREZBR) THREL
fo. THEPS1 BXU PS4 IZOVTiE, BIEQONENE 7, 14, 21 B X135 B, 1
PS2 B LU PS3 IZ2W\WTiE, BIEOMEHNG 7, 14, 21, 35 63FBLU91 HEIZK 20¢
OLEREE SR L. SRLUETERE DS bEL S g Y2 FRMHA~EL, BV oD
TR 105°C T 24 FrllRCiR T2 Z L CEARREZRE L,

227 HEOFRYHH &

SE L HEEEIEREKETE P EACTERMBEEZT 7. SOmLEED A 7 AR
ELE~EY R o/cft 5 g YO HEEE~ 25 mL OFEKEMZ (Eikk=/71:5,
wiv), 25+2°C OWEFT T T 24 KO L S 21T -72. 2,500 rpm T 30 45 OF D47 B
EiT-o7#, KE»6 15mL 2B LA LOEKMMEEE Lz, B0 08508 GkiEH
10mL+ +H5g) |2, E5IZ30mL A7 Fr2MAT, ERT20 50K 5 fHA
fT-7z. 2,500 rpm T 10 4y OF L4 BEE TV, EBAKEZEIR L. ZOREEZEHIZ2
El#ViE L T LEEBEAEEZSDEE. IHER= R L —F—tkoTI15mLUTERSE
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T#E L7

2.2.8 T O ST ERIE

TEOAKMMHERS L U7 £ F MHEOBBEROKRRIL, BEOIIN—TILIZRRD
FETITo. ZA—7 ADBREIZOWTIE, 15mL OxMEBEE X7 & F Mg
Wi E A Y o1 h T AICH T L, 10 R##ER, 1I50mL 0¥ 7 oo A % U CEH L.
BRI —2 ) —x SR — 2 — LV B L, ERANMT CHESR, 2mL o7& F=
RO R (3:1,viv) TREHZHBEAREL, PSA H 7 A (500 mg; Supelco) ~iit F L
o, 100mLOT7TE =)W/ 3:1,v) TEHL, BHETIe—2% ) —x AR L
— A — L VB, EESRTCEELE. SmLOTE F=FU K (1:9,viv) T
E % % BIEAE L, LC-MS/MS THlliE L7z (Table 3 B XU 4). F L —7 BOBEIZOVTIE,
15mL OKFHHEEIZ 15SmL LT E Tl L2 7' b oMHEEER LT, 225D
RELOSHTHRIE) & RROFETITo 7.

KFHBRE [Cw, pg/e-F+EE OW)] BLUEHMHBE (Cr, pg/eDW) i1, ThEh
TRROX1BIUK 21KV EHLE.

Cw = Caq(Vadd * Vew) Micit (D

Cr = (Caq Vatig + M) My @

ZIT, CuldkimH#iziiT 2 BERE (ng/ml), Vi lZHMLZEEKOE (L), Vi
IE1EEASE (ml), Mo BETEE (), Vi 3o B LI AKBHEORE (mL), meix7 &
P sh - BER (ug THD.

CuBLRCOHEET &R T, —KKHEFTNLTHS SFO EF /L (single first-order; =
-3) ZHWTFEBE L= (FOCUS 2006).

C(f)=Cpe™ (3)
TIT, CiXtBED b LT Cn Gt cw b LI crDERIIMMBE, kiI—K
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ICHEEEER (/day) ThH5. £/, ¥ [DTso(day)] 1T TEROAA4 LY FEH LA (FOCUs
2006).

DTso= In2/k. @

2.2.9 FEINER 5%

STEOZRYMITFMEINERRIC L VBB L. a<- YT EEFOEBRY (10g BIV
A (15mL) (2R LT, ENEFh3ngg BL W lngmL D|E LD LHIZ/N—T A
b LSIEIBOBEEBEFEREZAMLE. 18 5 ZHL TR, ZA—7 AD 5Snglg,
FN—7BH3nglg L7235 L5 ICARERERERMLE. AIROSITRIEICE-TS
MTEE (FV—7 A OKEEE L ULEREHI W TIT 4 ETER) LR, BIE
i$ 73.3-113.0%, ZEEMRE (CV) i1 144% U T Tho k.

STEOEERTIRME (LOQs) X, ISK 0312 (A AL 1999) (Z1E - THEMEILFHER
FOBONEEREICESOWTERLE., a~ Y258, BEEKBLUELENLR
¥z LOQs 1%, FhF11 094-2.09 ng/g, 0.16-1.29 ng/mL 35 X TF 0.57-3.16 ng/g O &iH % 7R
L.

2.2.10 #E AR

R ENF 3T 3 L U9 By it (ANOVA) % & ek BHEEHTIE, Microsoft Excel 2010 35 L U
SPSS Statistics 19 (IBM Corporation, Armonk, USA) # A\ TfTo 7.
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23 BBERERBIU=EE

231 HEPORIERRE L o< T EIEHOREREOREF

A YT OEFII4ABOEBIBWTHRREFTHY, N Lo~ Y TEEROER
1% 59.7-87.8 g/pot T -7=. Fig 3|2 SAP (REHAMGHLIEEE TOMM) 2 7 BMICERE
LEBHEOa~YTEEROBEREZ R L. a~<YTERHOBERE (2~ Y FH
BE) RHEECETFLTELSEAZTL, HEMOCVIZ1T6(AF T HI1)-123.5%
(FT772uFYFR) Thote. awV T HRECESHZ HEPOBIERE ICESWTRTT
Hict, WMEOHMBRAHER L. HEPREL LT, <Y FHENHMTOFERE
GRIEHMIC T 5 RIEREORSMEL I A TR L TERY) ZAVWTEROITZ{T-
7. HEhEEAYoOHSIE, BB Loy rhBEL P lRE D Lnh, F—AK
A v MIEAEMZ TEBREER L. Z0R, <Yz, SMHREIY
LkHEEE L O TEVVEBATRLE Figd4BLUS). A4 7uaF) K, 2uaFr=
Vv, ZVEF=ABI0T R a Y- LORERICEBT A L, SHMHBEITHEEREC
BItRA: IZIF—EDEZ T LIcH (Fig 4), KMHBE CIIHERRESEN L, HERE
D2 SOBARZ L PS3 B LU PS4 TEVVEMETRL, ZhiZfEna< Y i bR
FL7 Fig.5). —F, AZFFNBLURAFT7TE— MBWTIZSMHBEZ BV
FHEOREREBBENMEAIZIH -T2, Zhb 2 20BE IZ W Tida~v Y- hiED 18
MDOEEB DRI LA B (CV<30%), BRADFER L EOMODT —F KA FHEOEEF
2 REITCEIn e, RERENPEL oTcZ VR E i (Fig 4). L EEHE 25
&, AKHBEZ2MHBELV ba-YIhREOEHG-ZZ2L{KHALTEY, 1iE#E
FEEOIED ~DOrEEEZ T 2 L TKMHRBEICEBT 2 LAEELZ 0N,
#oT, BIEDIZBIT2BEREOTRICH- - T, LEOKMBEISGERO B
HEL Y LEN-FETHLI LA LN LT

vV PRE LK BEORRIZOVWT, 2fRBEOT —¥ 2F—0#HRE LIz
—FICT ey b UTHER LERER, mEoMizEWEmEZz L (Fig 6). fHEMED -
FERELT, avYFEER~OBTHIBECERICL - TR R TVD Z LHHE
Ehicizw, a=YFhiBELZ/KEHRBETRL TEY L4AYBEER BCry) LAV
TEBTEORWERN L. FBEICSOWTRD - BCFy @ HEE O EHEIE, 003 (70
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FF=A)214(F FFaFY—L) OEBETRL, FICAZTX UL, RAFTE—FE
TN FF=00 3 BEOEREN-T (Fig. 7). —#RIZ, EMIC L 5FELEHEOR
ViAZ L, (EFPEOBRAEIZ L > TREEZITS 2 LAHESN TV 5. Briges © (1982)
2 DIEFEEMER LT O-AFAINANREANAFVABLT T 2= AT LTEEK

HEGTTAA LAXHEDICRN S EZL 25, KBHE L EEHR~OBTHELETHRER
TSCF (Transpiration Stream Concentration Factor; Z& &t DL FEWE IR E 2 kB o
THRLTREH) i1, (EEHEOEKMYE - BUKEOBIETH S log Pow LHBEEZ R L, #HE#IC
TSCF, f8#iZ log P, # L > TY Z 7 %< &, logP,, 73 18 fHEZEBA LT 580 ER D
HARIZHES Z L ZRLTWA. Fi2, T4 Dettenmier 5 (2009) T KEE LV b~ F &%

S L LT, 25 EEOFMEHE AR EWE D TSCF #fE L TH Y, #EtEhic TSCF, &
IZlog Pow & & o THEWV BRI, HETR VOV 7T FRITH-EZEEZHEL TV A.
—%, BFEFRD BCFy it log P 23 18 FHEDAHRAFTE—FBXURAZ FTHRIAThHEN
fHmErL, #HRBEOPTHLE WP, ZFT57T M7 2+ — O BCFy AL A X
VMEZ R L7- (Table2 3 X UFFig 7). fif> T Briggs 535 L UF Dettenmier & DWW O
ELRLLBRTH-o. BCFyw X TSCF LT &2V, EVORBHEIZLSMIEIT- T
Wiz, L L, ARBRTIIa-YFofgs:, 2ToHRRBELREMLAELETIT-T
W5, Thbb, R—0OEPECEITIREOCBTELZLE - L TWA1®, #EDE
MOEBEOEVIZEE FEETE 5. 200, HE#hiZ BCFy, ##MiClogP,, % &>
THWEZHE#RYS, hETICHESATWSHE#E LT TSCF 2 AW=HE 0L B2
STWHEREL LT, FENECLASHEOERIIBFELRZVEOLEZONE. /2, log
P, MRIBE (logP,,=3.17-356) D7V FF=/N, I R80T h7aty/—n
DBCFwlZ#H BT 5L, 7V 5 =L@ BCFy Xt BEO P TH L/ EWEEZ T LN,

a3 FrekT b7 a2t —00 BChy it K EWEEZ T LTWE (Fig 7). iE-
T, BCFw DEEMOEEITBL T, log Po (\ZIETE LI X ~OBITHEOE D3 EHEAY
RERTIIAWZ EBRR@Eh. —F, EUERNICER VAT BIEIARIC X 0 R
BN Ensied, FREOCRBTREELZERT S5 Z LiITEDEPREOEE % AT
T5ETEETHS. Fuisawa b (2002) (1EBEEEEREOCEY ~ORERTRET VA
FLTEY, "FA—FLLTEVENICBITA2BEOYEEEEREJHATHIZLTT
Bz KERUBES RN LZHE LTS, FRBRTHIa-YFicBiT 5 BEDSy
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BEEEHEZRDTWaRVWED, Zhl oz Ty, BEOEDREECESHZ
B ERNICE T 2B BOBRP BT - BT 2 LIS BROBEL V2D, UED
ZEenb, BEMTIKMBREL 2y FhBEORRRL, EHIOBREICOVTHER
THUNERHDLEZONT.

it
=

(=]
oo
|

Soils
OP31

PS2
OPs3
PS4

[ L=
= [ ]

=
L8]

in Komatsuna shoots (zg/g FW)

Concentrations of pesticides

=
=

Fig. 3. Pesticide concentrations in Komatsuna shoots grown m soils with a 7-day soil-aging period. Colummns with
the same letter are not sigmficantly different at 7<<0.05, according to ANOVA-protected Tukey’s multiple range
testing. Error bars indicate standard deviations (n=4).
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Concentrations of pesticides in Komatsuna shoots (tg/g FW)
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Fig. 4. Linear regression analysis between pesticide concentrations in Komatsuna shoots cultivated 1 four soils
with a 7-day soil-aging period and mean concentrations of total-extracts in soils durning a 28-day period until
harvest, i.e . the period between sowing and harvest. (A) imidaclopnd. (B) clothianidin, (C) thiaclopnid, (D)
metalaxyl, (E) fosthiazate_ (F) flutolanil, (G) procymidone, (H) tetraconazole. Regression line was calculated
using data contamning the point (0, 0), ie, n=5. FW, fresh weight; DW=dry weight.
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Fig. 5. Linear regression analysis between pesticide concentrations in Komatsuna shoots cultivated i four soils
with a 7-day soil-aging period and mean concentrations of water-extracts in soils duning a 28-day peniod until
harvest, i e, the period between sowing and harvest. (A) imidaclopnd. (B) clothianidin, (C) thiaclopnid, (D)
metalaxyl, (E) fosthiazate_ (F) flutolanil, (G) procymdone, (H) tetraconazole. Regression line was calculated
using data contaming the point (0, 0), ie.. n=5. FW, fresh weight; DW, dry weight.
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Fig. 6. Linear regression analysis between pesticide concentrations in Komatsuna shoots cultivated 1 four soils
with a 7-day soil-aging period and the mean concentrations of water extracts in soils dunng a 28-day period until
harvest, i e, the peniod between sowing and harvest. The regression line was calculated usmg data containing the

] ° y=0.334x+0.109
® R2=0.228, p<0.01
)
o o (9]
% &
) 0
0.30 0.60 0.90 1.20

Mean concentrations of water-extracts in
soils during 28-day until harvest (zg/g DW)

pomt (0, 0), i.e., n=33.

. b‘b
&

Fig. 7. Comparison of the bioconcentration factor (BCFy). which was calculated by dividing the concentrations in
Komatsuna shoots by the mean concentrations of water extracts in soil dunng a 28-day peniod until harvest, i.e.,
the period between sowing and harvest. Colummns with the same letter are not sigmficantly different at p=<0.05,
according to ANOVA-protected Tukey’s multiple range testing. Error bars indicate standard deviations (n—4).
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232 oK kO T ERZ T~ 0 A TEEtE

TiEZE, ThobbEPOREREEZRET S LT, YEEHICBITAREDO
fEfH T BT ZFANCHET T 556, (EFTMOLEEZACTRIEDTRELZHEETSZ
EHRHETHD. Table 7i2iE, KMHBEL L Ta~ Y FHEHAMPOFHE, S6I124E
FEREBLUNER OBREREZAVWEHEO <Y T hiBE L OEBERERLE. 777
Y FeFuyI FreRd S oftBRICIO VW TE, wWiHhokmbRE2 vk
B{ETH R (REFRN) K2 RRohdhof. o T, ZhboEIEIZWTIE, #ERER
OO EEFERL, KMHBEZRETSZ LT, EEWPoREREOHESL X
CEM T ETOHERRIETHL EELAONE. LvL, F7/uF) FEFoi I Fr
[ZOWTIHIEE B OKMHBEZ AW HEOREREIE, NH#A OREES L UH
R OFEHEEZACTREH LERERES &S VERIZH o T,

Ty FrokmbiBEICERTS L, avYFoFER (BEOLEET7RB) ©
f&i%, PS1>PS2>PS4>PS3 DIETH-7-72%, INHME (BEONEE 35 HE) 2BV TR
PS2>PS1>PS4>PS3DIEL /2o 7-.PS1 Tt +EX W L 7o I Fro@EsiE,
INFERIZBIT A BENRPS2DERX TE-K. Fud I FrizonTa<y il L kil
HBEORMEZBAE LIy 5L, FICPS1 OKMHBESERERS > UM
hEE) > INEAOIET/HhEVEZRL, Zhilfina< Y thillE & oEE»E < 25
mARH o (Fig. 8). T4bbh, KMHREL LTHN#EROEZAWEEEIZ, 27
FTHRBEE:OHBEARLE LI EBHALNER-R. i, REROBEMIZF7T /a7
U FizBWwThiERsh-.

PELY, BEOBEEENRESSOTEH CHEEICRRIHBE, KuHBE L#
fEh o BIKREZHEET S50, F1EICH T KM BEOBIGERE 8 5 HI(C
L, EON#EHICBITSEZTFRTAILERHLLEZ LN,
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Table 7. Linear regression analysis® between pesticide concentrations in Komatsuna shoots cultivated on soils
with a 7-day SAP%ZIS:M extractable concentrations in four soils

R.&

No. Water-extracts Total-extracts
Compound )

soils 9 Conc. at Conc. at 9 Conc. at Conc. at

Mean conc. _ Mean conc. _
SoWing harvest SOWIng harvest

Imidacloprid 4 0.733 0.740 0.662 0332 0.330 0412
Clothianidin 4 0.018* 0.936%* 0.868* 0.462 0.490 0.490
Thiacloprid 4 0.075%* 0.103 0.004** 0.123 0.170 0.062
Metalaxyl 4 0.648 0.787* 0.670 0.844* 0.961*= 0.852
Fosthiazate 4 0.466 0.681 0.448 0.732 0.891* 0.750
Flutolanil 4 0.566 0.691 0.481 0.543 0511 0511
Procymidone 4 0.714 0.4902 0.018* 0.489 0.551 0.350
Tetraconazole 4 0.976%* 0.085*= 0.967** 0334 0.328 0.280

" Significant at p<0.05;  significant at p<0.01.

2 Regression lines were calculated using data containing the point (0, 0). i.e.. n=5.
*) Soil-aging period (SAP) between application of pesticides and sowing.

9 Mean values during the period between sowing and harvest.
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Fig. 8. Linear regression analysis between the concentrations of procymmdone in Komatsuna shoots cultivated on
soils with a 7-day soil aging peniod and water-extractable concentrations in four soils. Mean conc. means
“Mean values dunng the period between sowing and harvest.” The regression line was calculated using data
contaming the point (0, 0), i.e. n=5.
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233 HEx—Y L SR o= Y FEEFOBREBREICRIFTRE

THEPS2 35 LT PS3 122\ T, SAP(BIEOMHENLIEE L TOMM) L LT7 B,
35 B LUt 63 HRIZRELEHEOa v Y FHhBEOCLTEZTWE L. (Fig.9). 2+
FHBELSAP BEL RS IEYEWVEEZRL, SAPH 7B o~y hiREICHT S
63 Bl =< il EOHEIX, PS2 T 29-90% (EHIE T 50%), PS3 T 12-69% (F15
T 51%) T3 -7-. Hashimoto & (2007) ix, HEBICEER 77 7AL2EA LEHEO
FavVZBIST4NVF) VBEOCEBHRZMEL TV, LERKIZBITSFav)
REFOF 4NV FU VBER, BOLBKIZH L T2-64%ThHhol L EZREL TS, K
MERR LT D LEMICBTAEEDRIRABE THHZ L6, BERENHY,
TP TR EBAGE LR BRI OV T, IR MRS TEERSORFEM &
HALRLTYH, BUARPBIZ2RITHZ L TREOCRIEFHREEZEMT 2 Z LB AMELSE
Zohic., ¥, ARBRTIEAV Ry FE2ERAL, LEOBBIIEGHRKICEIVIToEZ
Enn, BEOBEICTABTICLSZERIIFE L TWRW. LL, EEE TRERC
EKIZLE->TREOHTREZFELIVHERRMHENE .S Z L6, BEOHIEFEE IR
BB L L#EL DI LAHEEIN S (Milleretal 2007). fif- T, SAP BEIZ L A{EH+
BEOCEEDRIIERBIBVTIRELCIIREL AL LBHFENS.

TEPS2 BLUPS3 IZHOWTHEFDRERES Table 8 (2737, =<V T PRELF
BRI, TEPOBEREICOVWTRECNER 7B HOBEICXHT S 63 BEOBREDOHLE
FRbEZD, KHBELEH LZHERIT, PS2 T 12-84% (EHE T 52%), PS3 T 17-
69% (CEEME T 43%) THY, FLEOFEHEIIa~-Y T HRBEOHELREOEEZR L.
LA L, SHEE) R LT, PS2 T 27-108% ((EXME T 80%), PS3 T 37-119%
CEEMET 90%) 2R L, <Y FhiBERL LI UKMLRE L KL TEORENEL, =
Wr— D FIC X BHEHBHREINENI EBALNE o, BEONEE T HEND 91
BEETOF—FEZRAWVWTEH L DTso iz oW TkiHEE L SmHBEE 2 L5 L,
i L b 2 EAIKMHIBEOES N E WD AR SN (Fig 10). Akl R E OR
FEHREPSTERE LT, 7T& bomHES (BT ~REICRE LZES) LY HK
HHE S OGP ED SR I T W, ThbbASFT A FEI T 1 —HREH NI LM
HEINLE. LL, PRRUZBITDAIF 707 FOFERIZERETS L, KBHBED
BRSNS, SHHBEORENTZLALYRELLT, RBUMbOMERTITIZ
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IE—ETholz. Z0fkd, MEMSBOFEIIEVWEEZ LR, —F, HEREL
TREELYRTTE b oMmHES T, BEOMEE 35 B A X TREFMHICEML TS Z L
HEERE SN Fig 11). HBERFORBFELIZOWVWTIE, 41342787 F (Coxetal
1998; 01 1999), == A /L7 11> (Regitano and Koskinen 2008) 35 L (Fi = 2’ (Regitano et
al. 2006) &\ ofoik4x RBETHEN SV, LPRFHICEMT S Z LBAERSA TV .
IO, AKiMHBEOHBEERO—oL LT, HEBRFORNFELEFSLTNDHI L
DR s hi.

SAP & LT7 Hf, 35 BB X Tr63 BMAZRET S Z LIk ¥ HIE Lic iR L
=Y FhREOHBEMFRERRELELZA, 231 HEPOBIERE L o~ Y T EE
DEIEREORR THONFER L FRICEMHBE XLV b KBHBEZAWEHEO
R M H>- 7= (Table 9).

LlELY, SEGSOBBIZEWTKMEREOBIEEZALNICL, B DK
HBELHETHZ LT, YSHEEICESEY4L PBIORE, HEWTIIEBE REE
BEZBZ TEEDIHORHBENDOEZRABICHIETE ZAEERT SR,
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Fig. 9. Effect of soil-aging peniods (SAPs) on residue concentrations of pesticides m Komatsuna shoots cultivated
m soils P52 (A) and PS3 (B). Columns with the same letter are not significantly different at p=0.05, according to
ANOVA-protected Tukey’s multiple range testing. Error bars indicate standard deviations (r—=4).
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Table 8. Concentrations of extractable pesticides in soils PS2 and P53

Concentration (pg/g DW)*
Soil Compound 7 147 219 359 637 o1
Ps2 Water-extracts
Imidaclopnid 0.647 0.638 0541 0.507 0451 0434
Clothianidin 0.834 0.833 0.634 0.652 0.636 0.565
Thiacloprid 0.400 0284 0174 0.007 0.048 0.019
Metalaxyl 0.957 1.017 0.666 0474 0.800 0.594
Fosthiazate 0.952 0985 0715 0477 0486 0244
Flutolanil 0.591 0460 0353 0274 0261 0224
Procymidone 0.465 0.379 0297 0227 0131 0.144
Tetraconazole 0.281 0211 0.159 0126 0117 0.102
Total-extracts
Imidaclopnid 1.036 1.074 1.132 1194 1.021 1.009
Clothianidin 1.061 1.170 1.118 1239 1.143 0973
Thiacloprid 0932 0.734 0.683 0.507 0.256 0134
Metalaxyl 1.005 1.210 0941 0.736 1.053 0.809
Fosthiazate 0.944 1.081 0.890 0.689 0.603 0330
Flutolanil 1.107 1.035 0959 0084 0.906 0919
Procymidone 0.797 0.740 0.657 0.655 0531 0.505
Tetraconazole 1.149 1.073 1.040 1.009 0931 1.056
P53 Water-extracts
Imidaclopnid 0.073 0.064 0.055 0.051 0.045 0.033
Clothianidin 0.112 0.107 0.087 0.083 0.077 0.067
Thiacloprid 0.029 0.026 0021 0.017 0.011 0.006
Metalaxyl 0.500 0.410 0284 0267 0251 0.188
Fosthiazate 0481 0.359 0223 0139 0.082 0.039
Flutolanil 0.004 0.064 0.042 0.033 0.029 0.024
Procymidone 0.081 0.058 0.043 0.033 0.029 0.024
Tetraconazole 0.045 0.035 0.017 0017 0.017 0.013
Total-extracts
Imidaclopnid 1.073 1.178 1.128 1.148 1.093 0028
Clothianidin 1.002 1.158 1.077 1171 1.187 0.905
Thiacloprid 1.057 1.120 1.068 1.027 0826 0.549
Metalaxyl 1.009 1.141 1.045 1.109 1.058 0.903
Fosthiazate 0.907 0.899 0.705 0.500 0335 0.197
Flutolanil 0.983 0889 0.768 0.892 0.902 0.881
Procymidone 0.716 0.675 0584 0.661 0.675 0.647
Tetraconazole 1.006 0938 0.847 0937 0938 0.905

* Mean values (n=3). ¥ Days after application of pesticide to soil.
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Fig. 10. Comparison of DTs; values between water extracts (Cyy) and total extracts (C7) from soils PS2 and PS3.

The dashed line shows the 1:1 line.
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Fig. 11. Time dependent changes of the concentrations of imidaclopnd in soal PS2.
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Table 9. Linear regression analysis” between pesticide concentrations in Komatsuna shoots cultivated in soils with
three different SAPs” and extractable concentrations in soils PS2 and PS3

R

No. Water-extracts Total-extracts
Compound _

soils Conc. at Conc. at Conc. at Conc. at

Mean conc.” ] Mean conc.” ]
soWing harvest sowing harvest

Imidacloprid 2 0.922*= 0.938* 0.882** 0172 0.151 0212
Clothianidin 2 0.781** 0.802*= 0.736* 0.227 0.150 0285
Thiacloprid 2 0.963** 0.908** 0.988** 0.003 0.045 0.004
Metalaxyl 2 0.149 0.239 0.022 0.686* 0.585* 0.545
Fosthiazate 2 0.339 0.476 0.204 0.787** 0.799*=* 0.756*
Flutolanil 2 0.936%* 0.807*= 0.988** 0.306 0293 0260
Procymidone 2 0.964** 0.868* 0.956%* 0.207 0270 0.120
Tetraconazole 2 0.931*=* 0.726* 0.977** 0379 0371 0343

" Significant at p<0.05;  significant at p<0.01.
% Regression lines were calculated using data containing the point (0, 0). i.e.. n=7.
" Soil-aging period (SAP) between application of pesticides and sowing. SAPs were set to 7 days, 35 days. and 63 days.
“ Mean values during the period between sowing and harvest.
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BIE  RRMEFR 2 HREEREE AW ICFHERBRRREOHR OHEEEDOR
B

3.1 &8

B2ETHRAL I, HEERH L TEDRICRE - BiTShEBREORE X, i
POEBBE THHE S -BEORE LY LA THHSh - BEORE (kiiHEE) &
O TEWEOHMBETTEmICHoT-. 0, AKMHEBEZHEROTBERED
BEZREBRLTVWD ZEAFRERE. £, BEOEEIC L > TIEDPBRE Lkl
HEEOMMEIZ, EHOFERLY LINEROKBHBEZRWEHEOFREVERIZ
HY, TEPBELEEE L TEREDICBITABREREZ FRT5720I121F, I
ICBITHKMHBEZHET A LAEELEL OGN, &6, BEOMENLIEREE
TOHMHBRVCIZEKPREHBESMETL, FHICECTEDDORERE LIET T 58
My ohiz. €T, #UZ PBIZRET 5 ETHLKMHIBEOHBERELATL,
FTOBEEELZHET S L0ROOND. HBIZET 2 BEOHBERMEICOWTIZZH
FTIEL OREFEFEINTEY, MEDIRE, Kok, TEREIZET DK,
TR AE, EE, ZOICRFCEKICLS TH~0OREBRT, HREKHR ke REHR
DEFET S ZEREEESh TS (Milleretal 2007). LirL, ZhbOHEOE L (3118
PoRBEEHEHENERBEICIOWTHRESNZLOTH Y, KMHIBEOHEKREEL A
B LSl TA Ao,

—J, ZERLKIZE o THEESKSBEOFIGIE, LML AKMEMIzE T2 BEDS
BRLLIZIS CCEET 5. £, KMHRBRER, FREEHHSh-HEboRERE
L AKEMOSEETT R THETAZEICLY, #HEEEZREHT L Z L BFRET
hD. E-oT, BEOERERFHFICITEREARE L UCLERERBROE RS RD LI
TWaH, ThEhoRBR LY RO o - AEERHREORIEMRE LU KX, Kl
HBEORBEAHR T 5 ECEELRMR LRV 25, HERERARIT, &A%, REMRRED
S (OECD) OFT A FHA FFA4 VICHER L TEREhTEY, RBRERO KT, B
FEFTML THHER 24 Rl OKM & HEAOMOSsE %27 LTV (OECD 2000). L
L, GORRELEZBEMHITABMTRS L, FMOEBL LLICEL DL
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B DL THE ST TVW5 (Walker 1987; Beigel et al. 1997; Cox et al. 1998; 01 1999; Roy
et al. 2000; Koskinen et al. 2001; Laabs and Amelung 2005; Regitano et al. 2006; Louchart and
Voltz 2007, Regitano and Koskinen 2008 ). it > T, Ky DIEFRFE(LEER L2V EHEICIE, K
MHRE, TobbriBRERELBRICHERELTLE S TSRS 5.

B2 EORRIL, KMHRBESFREEMHRBE LY LEEIES, £O DT80 2
EERRLTWe Lal, YERRTE, BEOAHERO HEMEHIRIL TE5T,
BIEONHEE T BALUBROT—ZEZAVT DIz ZREL TS, &6i12, BBRREICE-T
FRBHIMSEL (28 B, BERLY 7Y L EFEL DRV, Zok), YRR
R oKHBEORMIERRELRD, TOREZREICETTIZ LIIEETH-. &
ETRFIIERNCBT 2 HERERRAZERL, (1) DEEFEEL S THRENRRD
27 EOBRIE FRaA: 15HE, FEA: 128 oW TsSEOREALBIC BT A2HERELR
A LEbiz, ) KEHREOHECRELRIET K ORRELICOWTEITZ1T-
fo. &6, OBIUVQTHELAEMRICESH TKMHBEZRETSFEEZMARBL,
FOHEMEE FREBRIZ L > TRIEL .
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32 HEBRAE

321 #ERTEOME

ENRBRTIE221 R TEORE I CER L4 B0 LEIMA T, EHIC1BOBER
188 (Ls1: W ERME) 26 M L7 (Table 10). BYEFEMEO ST LUTEREOSEHFR
221 DFEICE- T, BARRIL, BERGESINVIZER (B B¥ - SAEENITR SR
HRBERETENEYL L ¥ —, KBRS Em) SHANOmES FS: BAR2 1) TiTofk.

Table 10. Properties of test soils

Soil Clasification Textue oc? CEC? Clay pH ECY
(%) (cmol()kg') (%) (H0) (mScm)
LS1  Sand-dune Regosol sand 0.06 34 24 75 0.04
Ls2?  Yellow soil lightclay ~ 1.02 114 300 53 0.09
LS3? Graylowlandsoil silty clay 146 182 253 58 0.17
Ls4?  Andosol loam 521 338 108 55 0.15
LS5  Andosol silty loam ~ 8.65 35.4 18 58 0.05
FS Andosol silty loam 493 26.0 73 63 031

* Organic carbon content. > Cation exchange capacity. © Electrical conductivity. @ Soils LS2, LS3, LS4, and LS5
correspond to Soils PS1, PS2 PS3 and P54 in Table 1, respectively.

322 HEASEOLED

BEKME (log Pow=—0549 —484) BL U FEENRELS ISEORBAB I 12 O
EHl A A S L L (Table 11). S OHME L 97%LL ET, Wako Pure Chemical
Industries, Ltd., Kanto Chemicals 35 J UF Dr. Ehrenstorfer GmbH 1 ¥ A L7-. #tEE3K T,
ST ORTLERE, BIECERTSEBEOER (LCMS/MS £72iX GC-MS)ZEREL, 3 2D
FN—T 48 L (Table 11), ZN—7 2L |27 F b HEEEEE (100 pg/mL each) % 3l
L.
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Table 11. Hydrophobicity and analytical groups of test compounds

Pesticide . Analytical group®
Compound CAS no. type) Substance group 1og Po” — ——
dinotefuran 165252-70-0 I neonicotinoid —0.549 A A
imidacloprid 138261-41-3 I neonicotinoid 0.570 A A
dimethoate 60-51-3 I organophosphate 0.704 A
clothianidin 210880-92-5 I neonicotinoid 0.905 A A
thiacloprid 111988499 I neonicotinoid 126 A A
fosthiazate 98886443 I organophosphate 1.68 A A
metalaxyl 57837-19-1 F phenylamide 1.75 A A
ethiprole 181587-019 I phenylpyrazole 199 A
azoxystrobin 131860-33-8 F methoxyacrylate 250 C
methidathion 950-37-8 I organophosphate 257 A
fenobucarb 3766-81-2 I carbamate 278 B C
boscalid 188425-85-6 F pyridinecarboxamid  2.96 B
flutolanil 66332-96-5 F phenylbenzamide 3.17 B C
procymidone 32809-16-8 F dicarboximide 3.30 B C
fenitrothion 122-14-5 I organophosphate 332 C
kresoxim-methyl  143390-89-0 F oximinoacetate 340 B
tetraconazole 112281-77-3 F triazole 3.56 C
chloroneb 2675-77-6 F chlorophenyl 3.58 B
diazinon 33341-5 I organophosphate 3.69 C
propiconazole 60207-20-1 F triazole 3n C
fipronil 120068-37-3 I phenylpyrazole 3.75 C
cadusafos 95465-90-0 I organophosphate 385 B
diclocymet 139920-32-4 F carboxamide 397 C
trifloxystrobin 141517-21-7 F oximinoacetate 450 B
tolclofos-methyl  57018-04-0 F organophosphate 456 C C
tetradifon 116-29-0 I bridged diphenyl 461 C
fenthion 55-389 I organophosphate 484 B

2 Abbreviations: (I) insecticides: (F) fimgicides. ® Octanol-water partition coefficient were obtained from the Pesticide
Properties Database of TUPAC (http-//sitem herts ac uk/aeru/iupac’) except for Py, of diclocymet, which were obtained
from The pesticide handbook (Pesticide Handbook Editorial Committee. 2011). © The pesticides were divided into 3

analytical groups on the basis of the analytical methods.
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323 BFRNICEIT 5 BRED HEREHR

Ft8gfYDEMKLTE SomL F 7 ARGEILE ~FFRL, BRREKED60%L 25 L5
(K EEEME L. 25£2°C OIERME (P T10 HMOZ LA vy Fa—i3
YEToT. BEHTED lpgg LRAHEHINCIN—TZLIZHTR LT F R EEKE
SOpL ML, AARAF a7 CL{BfLE. BILEOOEZT L IFRA N TEN, BUR25£2°C
DIERETA v Fa—T a3 r&2fTof. HEKGOFEEIL, 10 A CEBLE. B
FEOMEE 0, 2, 7, 14, 30, 60 B LT 120 B B> AZEN L, FddmHicdt L.

324 HEOFRMHE

227 HBOFIMMEE) L RROFETIT ok, 2L, KEHFOEELE 1.5 &+
Hfoiz, B 8g YO TEIZH L T40mL OFEFKEFRANTHH L. £/, KHEH
Zied, EOSBERORENSEEAO 15mL OKEE25ERE, X5i220mL OKkiEE
SEL - BEFEL, BYORE KB smL+ +E8g) 27 & b~ L7,

325 HEHIHEO AT ERIE

TEOKMHER L U7 € P oHEOBRBRORRIT, BEOIN—TFTLIZRRS
3ODFETIT2. FA—7ADBIEIZ-OWTIE, 15mL OKMHEE X 15mL ELF
T CEME LT bR AW T, 228 HERMHEOSTRIE & RROFIETT-
7=.

INn—7 B OBEIZOWTIHE, 15mL QKM E X7 & b ooz L
THHEEME (7= FF2-d6) ZFME, 74 Y7105 A (InertSep K-solute 20 mL)
IZHE T L7, 10 7R, 120mL @ n~FH 2 THEHLE., EEKTo—4F7 ) —xs
AL—F—ZHWTH 2mL £ Til#E L, BHEK%E Accell CM 7 7 A (500 mg; Waters,
Milford, USA) ~#i F L7=. 10mL O~FH /7 b (9: 1, vv) TEHL, BEHiEze
—H ) —x AR L —F—B L UEELAMIC LV 200 0L £ TlME L, BFEIKE GCMS T
HIE L.

IN—7 CDREICHOWTIE, 15SmL OKMHEEIZ1SmL U TETRE LT E
U L THEMEEDE (X4 TP »-d10) 2EmME, ¥4 Yo Eh 5 A
(InertSep K-solute 20 mL) (Z# F L7=. 10 45 EE, 120mL O Y7 un A X o TEHL
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fo. BEEIZO—FZ ) —x AR L—F—IC LV BHEL, EFTAMT CREBE &%, 3mL
D~FYA/TE R (8:2,viv) THEMEZBEMEL, ENVICarbIUPSA I 7 LA~Ji F L
fo. 10mL O~FH/7TE b (8:2,vh) TEHL, BHERo—% ) —x AR L —F—
BIUEFEIMIZL YK 200 pL £ Tl L, BHEEZ GCMS THIE L.

LC-MS/MS ¥ L Uf GC-MS DO#ITEIL, £ EIEER D Table 3 35 L Uf Table 5 DEHTIT-
f=. £z, LCMS/MS B LT GC-MS OHEIETHW-EREDERA 4%, ThEh Table
RBLITRIBIZRLE. GCMS IZ L5 BEOERIT, SLEICE U CEEEEERICE5R
REORMEETMLUTER LTe= b v 7 ABERE AV TIT 272 (Zrostlikova et al.
2002).

KMHBE (Cw, pg/g-DW) F3-1 12> TRH L. 7o, £HMBHRE (Cr pg/sg-DW)
2 O—8ERELEXSICLVEHLE.

Cr= (Caq(Ifahq + Fise) + M) Mo (5)

TIT, Vac lXEIFELAMHEORE (mL) THA.
KiGHBER L UCeHHBEORE o 23, 3 O SFOEFABLIUTREOR -6 TH
=5 8% DFOP €7 /L (double first-order in parallel) % F\CEH L.

) = Cp [ +(1 — fe ™) (6)

ZIT, fRB 1T S EIEDOHE (dimensionless), k (X8 1 BIZI1T D BEEHEEE
¥ (U/day), RIZFE2MICEIT5RIESEEER (/day) THS.
DTso DEEIL, SFO EF /L Tii#4, DFOP 5 /L Tt Microsoft Excel () =— /L3 — 7
BIZLhiToT.

SfhHBE L kHBEOZS kiiHEOTEN T F it k- T Shi- B3
MREE) & HEIA~H L7 BRI L R LCRE L R O ERE R (K, mL/g)
i, FTROXTIZEVEREH LA (Regitano et al. 2006).

-Kd,app = Csmh"'rcaq =(Cr— CW)"'rcaq (7
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ZIZT, CopldtERIFIZRE LI BIERE (ug/gDW) THD.

Table 12. LC-MS/MS quantitative parameters

Compound RT¥ Precursor ion Product ion Analytical group
(min) (m) (m*) Tab test  Field test

dinotefuran 0.81 203 114 A A
clothianidin 2.67 250 250 A A
imidacloprid 2.82 256 175 A A
dimethoate 291 230 125 A

thiacloprid iy 253 126 A A
fosthiazate 427 284 104 A A
metalaxyl 438 280 220 A A
methidathion 493 303 145 A

ethiprole 494 397 255 A

% Retention time.
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Table 13. GC-MS quantitative parameters

Compound RT?Y Monitor ion Analytical group
(tmin) (m5) Tabtest  Ficld test
chloroneb 10.70 193 B
fenobucarb 11.88 121 B C
cadusafos 12.67 270 B
fenthion 16.11 278 B
kresoxim-methyl 17.69 116 B
procymidone 17.78 283 B C
flutolanil 18.13 173 B C
tnifloxystrobin 18.76 131 B
boscalid 2450 344 B
diazinon 13.27 304 C
tolclofos-methyl 15.02 265 C C
fenitrothion 1573 277 C
diclocymet (isomer 1) 17.04 277 C
diclocymet (isomer 2) 1742 277 C
fipromnil 17.16 367 C
tetraconazole 16.02 336 C
propiconazole (isomer 1) 19.30 250 C
propiconazole (isomer 2) 19.50 250 C
tetradifon 21.45 356 C
aroxystrobin 26.72 344 C
% Retention time.
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326 B CHIT 2 BEO HERERR

RS H TR AT S N O @3 (Table 10) A L, HERERBREZEHE L (2015
#£5 A 12 B4, RBRBIRICHKIT 2 B FHRIRIL 16 30°C (¥ T 23°C) Th-oTo. &
HENRRED 10 EOBIE KfnFlb L <I3HHE, log Pow=—0.549 —4.56; Table 11) # &l
K (I m¥E#E, 38) [2¥a—aTHAL, o—Z U548 20m DESETE
L. (REE (045gem) L W HE L-ES 20em 2817 2B HEpBAER, 22
pg/eDW Thofz. BIEHAMI S 0 (REHAB), 2 8%, 1, 2, 3, 4,5, 6, 7, 8, 9,
10, 11, 12 BMFICHAESR (NESemxE X 10cm) ZAWVTERB 10em O HEEZEEL 4
FURE), KEEC XL REG L. HEEEHIB324 HEoFRRMHE B X325 18
HE O RIE) & RO FETHEE LTS 2Ty, KEHRE, 2MHBERL LU
K ZHEHLE.

327 EMEIRFER

SIPTIEDZ YL 12.2.9 FMNEINEER ) & FERICHRMENEERIC LV RIE L. 8K
(15mL) IZ& L Tik, £THOIN—T7TlngmL L7425 X5 ICBEEREFELZFML:E.
i, £ S L TiE, YA—7 AN Snglg, YL—7FBEITVCH 3Ingg b7
DI ICBREREREEERM L. 325 OGHREZE-TI/N—7T A48T, /1 —
TBELUCIESETERLE. BoNEIREIL 73.2-117.0%, CV L 19.0%LL FTH-
7=.

229 L RERICEE KRS L UM% 15 R b 7= LOQs 1, £ 0.14-1.29 ng/mL 35 L T}
0.23-5.93 ng/g OHEEFAZ T L 7.
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33 EBRERBLUEE

33.1 T BRI Sh 5 BIEOHMIERE

BEAKLETE FrEAOVERRBEEORYUMEZHEET S0, BIENER OLHHR
EZHERBECRTS L THEICEZEHLE. Z0RR, 2 0RBREOHEN
i 80%LL EDEE R L TH Y, 24 Rl oK PICBEDO S REENRRh o2 2 L HRER
ahi ((HgEA). LixL, HELSS o—oEE IS\ TiE 70%% TERAENEDH Hh
fo. 1327 FOhEMLEER) Tr Uiz X 512, BEKEB X UHEEZ AV TFEE L-FnE
INABROELEL 732-117.0% Th 7= 2 L2 b, HENESYFEINRE TE S HE
24 R DK H ORI A S RECMAK G RIC L > TREREE LI Z LRSI
#-T, BENEN 70%% FELSBRBEOBRIC OV TIZLIREO/ENTH &R L.

RS EE D DTso, HEBNZ ETMHBED DT, Z Lo TlHF LB L L Z 5,
LS1 ZpR< 4 HEICHE VT, £MHRE LY LKMHRBED DT AV EWEEZR L
(Fig. 12). DTsp @EEIL SFO B LT DFOP M 2 2DEFNAEZRWVTIT, EFL~DES
EORETHIIA _FEILRH LT —L~L (%) BNEVWEFLVOEZEALE
(FOCUS 2006). METFNDTFT— L&+ 5L, SMHBEIESE AR CEE
T LTV, AHHBEIZSWTIX SFOEF /LY & DFOP EF /AN T 5 — LU i¥E
VMEZ R L, AMHESICHEITSBEOHEEN _MAEEZ R T ZEPRALNE 2o (R
FA). Carter 5 (2014) i1, BELFLARLEVE CTHLIEELHOLEI TORTL N
ELTEY, FICHEERICET 52EESH, SFOET /LY 1 DFOP X FOMC
(first-order multicompartment) &\ o7z 2 FfEEFTL~B<{BE LI LZHEL TV A.
ZheORERIT, HEOKMEBESH 5 WIKEHES BT 5 ERLEHEOEEN 2
HEETMACHES Z L 2R LTINS,

SHHBED DT IZF BT 5 & (Fig 12 Oft#), HFELEHOP THLRER OB L
BHEL, BICAZTX N, FABVF, a3 Ry, Tr7atb/—ABLU0Y”
B Ay FOEIRETOLER T 120 BUEOEZ T L. BEAORET— 713, B8N
TERFHRBTHOLEARRADY FBIXUY /70 Ay FODT#3 100 BLLETHAH Z &
ERLTEY, AEREZIFLTVWS (BKEERZ2HNE 7 — 2017). EEAO
R IIEmIL, YA —, ZAFTE—F, AFFFF, Tx=baFitr,
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ATy, PO RARAFABIO 7z rFFrbnocZ2l{ 0FHK) v REBED
DTso I, HBRVNSWEZRLE (Fig 12). FA4 7Y/ v, VA rx—FrBXIUZ7==}
BFF AT ONWTIH BRI TERICHESH, TODT5 2341 BT THDH Z LGS
A TW% (Singh and Walker 2006). DTsp D3\ 2 HIBREM THET 5 &, FiZ LSS OfEA
MEL, SEOENER) CRBECRLOTHORL RRETEWMERZ R L. BIED
TEhToOEER, HERmEICET DX, pH ICERTFRRINAK 8RR L UREY RS
ICEVREBEZITHZLEHARBRENTVASD, RRBROPHEAT T CEME=4, LS5 @ pH A3
LS3 BLULS4 LBIRF CETHLH BT 2D L, LSSITfho WL L EmIZ LS
BEOSREIEERB W ERHERIRE.

—F, KIHIBED DT iIcE B35 & (Fig. 12 O#Eh), £ < OEIED DTs lE LS1>1LS2
>LS3>LS5>1LS4 DIET/hSVMEZRZ T L. AERESEIED T2 LS1 @ DTs b
TEROPTHLRELEIRELS, 2HHBELBRRICEELZRLEOIIHL, F#RES
ENZN2OORR 7+ (LS4 B LTLSS) @ DT idfho L v /iR R L.
AHRESEIITETOMEDFES L E0MMEERL, TERENRE A FT AT
VT 4 —HEVEBEOEEL AERFSESSVIBIIEI LS LARESRATY
% (Ghafoor etal 2011). 7KifiHHI#E D DTso B EERESEOZ W HEIF VEVVEBMEZTL
ERO—2L LT, R AT_A TN T 4 =A@V AKMHES OREFFRIREESR
[CETFR A RO EEZT T REL LR, LivL, LS4 L LSS OfERICH
B+5L, ARRESGENSELZ VLSS LV b LS4 (23517 5 7k B EE Rz H i VB
iCdhotz. BRLEL S IcEMHBEOBIET LSS TRL#EL, TOERE LTLSS O
EMEERBNZEREREENDS. 20k, TEOMEDEEROLRLG, KEHIBED
BEMFELRENT T LIEETHS L ICEBA OGN, —F, THOFRREEEIIE
W+ L O LW EOHEMATRT Z LA 5 (Wauchope et al. 2002), 7kifiHEEE
ORWFGEE OB TR EHIE L TEELHRTE 2. 22T, BEOLE~0D
e R, FRIC LR ORBE(LOB AL, AIHBEORMBELEITTAZ L L L.
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Fig. 12. Comparison of DTs; values between water extracts (Cyy) and total extracts (C7) from soil. (o)
neomcotinoids; (o) organophosphates; (&) fungicides; (%) others. The dashed line shows the 1:1 line.
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332 +HEE OREREL

K DREFFELICERE T2 L, Z OBETHEORB L L bITHENT2EHAIED 5
hiz. KORRFHAREMNLAZOMRTHLRESNTEY, BBRHOFLFRICH L THE
BEICHMT 5 Z LR ENTNS. $E-T, KA BIZLVFEENS (Walker 1987; Beigel
et al. 1997).

Ky app =a + bt (8)

ZIT, aBXUbhIIRBRAIR AT A—ETHY, TRENORATORER LD Kip EE
S Ky, DRIMEE 2 %Y. (IHRBEKTHD. X8 ITOWTT FFaF Y —Aof%
T (Fig 13). N A—F aB L b, EHICRRETEOEEIZL - TRABEERLE
B3, Kaapp DIEFFELIIHRAS IZHE- 7. BIED T E ORI REMERO—D L L
T, BEOBEENEZ VLT WL FRED, RENEZVIZWIHEEFRER (M
L HEEEYNE) ~OEEDEN S T\ 5 (Alexander 2000). — ¥ (2R FPILEIZ
HT 5 LFEHEOREROHEMT, FMOFHIRELEQLFIBMRICHSD Z LA ERAIZHE
ATV 5 (Kookana et al. 1992). THEE~DWEE TITMR < Ky PERE(LEZ T LEAS
B L FEMN R EREZ R R ERTIERWVD, Kig, b EEMOESFRICHH L TER
BNCHEMT 52 2L E2RLTEY, BEORFBE~KFRILBDEE Lz &7 LT
W5,

LRBEXOFR (FEEB) 288+ 5 &, 2EFMICLS1 Zk< 4 SO LBIZHWTIT,
Kigp & BB BFEOFHFBROMICEELR (<0.05) EOHMBEIAHEREN:. LirL, &
HBRESEIDRV LS OHE, Kip ORBEEIVNEL, BRU/NESWVERICH 7. R
8D aBLbiE, Kiy PDRERFELETFRHT S LTEERASATA—FTHDHH:, A8~
D74 v T AV THRBOVERE, aBXUbOEIIEBEOFRREEENZ BIED log P,
BEWELE, ThOLIEASAF U EEBED HBRENE RIEEFETREWERICH- T
(ft8&F B). £/, aB LT b DEL EIEFMO0 B BORE L VRO T- Ky DERIE
[Kaapp(t)] & DRHFREZRET T 5 L, ald Kipo) EERFE CEEZT L, b & Kigp)PMicit
EWIEDERBE (R7=0.838, p<0.001, n=116) A3RESL L7= (Fig. 14). ff- T, b{ENES)L
w9z vERENIE.
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logh= — 0532+ 1.005 lugk'iam(ro) (9)

RO F Kt ZFEE L TH L TATA—F bOTRINAETHHZ L ETHELTNA.
Li 5 (1996) v/ n7 4 bb—Ya rBFEilEs o~ 7778y FEEEE
MAEDELZLTT FFVrOLBREEZEITL, 7 87 P00 EEFR~OILEH
L HERE~OREE (HEE) LOMICEDLFIBEESREIT S Z L 2RELTWA.
FRBICBWTREOR FRILENL, HEOA Fa—a VHIZRG T, 24 RO
KA IC S HABRERETT S 2 L BEZ LA D, BB Kyt TR T REO
H~DRFEZRTHOTIRARW. LL, FIBREOCERELRT Kin(t) & Ko DHIINE
EZFRT b EOMEBBRIL, Kip ORRREMIAKEFATEICER T2 Z L 2RM LT
W5,

—%, ZfBRED DT I AFFFAy, Zz=buFty, 7L 7%y
LAFNBIVT7 2 FAVORRIZEBTD L, K o) AEREOHMOBIELY LEN
bEZTRLTEY, SEINEEIEL K, DEIEESKE W EAR®R IR ((H8FE
B). T ERIKIT LR T CRE LB Tz <, ECTER 0 118
P~ L BER RIS, E-oT, BEOSENES, HBEKIZHT 556
FEEE D TR T O OBLAEEE & ERISHE 1L, HEEER O BIEDSRE - BEIKTF
LT Ky TEBEN L, BEPEVEE Ky PHEMEESRE RS LEZLNR TS (Cox
et al. 1998; Koskinen et al. 2001). =D X 3|2, Ky, PEEREHREMER L LT, BEOR T
PIEBICINZ T, HEEEICBIT 520y E L LRSI .

P EDRREBEE 2 T Kt 2 X8 D87 A— % a BL U b EOBIRZEET S &,
A8 TR0 IZEREND.

K app = Ka app(t0) + 0.294K3 g (10) 7010 (10)

ZDX I, K DERFEGIT Kiapp(t)IZFESWTHEE T S AMEERE R ST
AR TR X9, ARMHBEOHEIEL, TBEOFEBREEENS LBREFIEN
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BRI L TECEBICH o2, T, FIETIE Ko HEREFEICHIIN L, TOREE LY
MM ERET K EREVBEICRELL LA ZEBHLN L 2T, ZhEDORBREZR
Fx5L, HEERENEOERS LTI K ) PERE L, Ky, PHEIGEE L KE
W, fERELTKMHBEOBENE Lot t#HEINE. E-T, EMARINATEER
R EEORESZ FHT 50101, Kip, PBRFELZZEFETILERHLEE 260
7=

400 Soils

X LS1
y=0.0340x+ 0.746

A =0.692

ALS2
y=1.15x+ 145

A =0.923

OLS3
y=25Tx+285

A =0.891

A LS4
y=27.8x+757

A =08975

e LSS
y=6.T4x+34.9

A—A—2A
R H )Kl T R =0.954
3

6 9 12

Tetraconazole

300

{05(days)

Fig. 13. Time-dependent changes in apparent sorption coefficient (K o) of tetraconazole mn laboratory study.
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Fig. 14. Fitted parameter & for equation (8) plotted as function of apparent sorption coefficient at 0-day incubation
[(Kaapp(to)].
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333 £8EH bk S h 5 BRIEOBIEBROMETE & @HIZH T DRI

BRNRBROGREBIET5T-OESFARLER L. AHEBRL VRO Kt &
PP RER & FRRIC8 (2> TRRAICHEM L. Fg 15127 eF 7=V roflZr LIk,
A8 D/IRFA—F DIZHNT, ERELRINOROEHEEERIEBTI LT THN
TEIUVTu LI Fr2il sEOBE W TIERRF CE4LR L (Fig. 16). #E- T,
X9 DFBERERBICB VW TRIESNLE. L, 7=/ 7 HIALTBIV Ty I Fr
DEREIL, HEBELY b 10FLUEREREEZRLE. 7=/ THIAVTBLIVOTr VI F
SZOWTIE, ZhEh 14 BUFBEBS XU 49 BERED K, RIS WEZTLTEY,
ZOEB L LTKHEOKEICEITSRERE (70 Gy BERTIREMNEI: THE
LieZénEBEZ b,

331 L£EH okiHEh2BEORBERIE TR X5z, £MmEEE L KR
EORBEFEIRR->TRY, 2MHBEOHIERRIL SFO 7 MIBET 523, Kl
BEIZOWTIESFOEF ALV L ZHEE2RHET 5 DFOP 7 V~RBE L. ZOH
BIZ2OWTIE, 332 HEWREORIEL] ORRY O KRMHEEOREEC T 5K EDOR
FELPEEBLTWS LR ERESNE. o T, £HHREOHIEHhE L FFIEFIIC
AT D Koy CHETHZ LIC XD, AihHBREOHBEMBOHEEZHRAL FH-1D).

Cw=0Cr (11)

r
(r+ Kg app)

Z I, rikiiHEOBKE mlp) THLH. HEICHE-T, Crik SFOEF L (R3) &
DR LEHERE riXEHHRRICE T 2B OFHE (5.6 mL/g), KipplZ2WT
i1, BRELEZEETSHGIIA-10 LR LAHEE, SELAVEHEIE Kip)Ex
A, K11 ok EFRECEME~OBESER, AX-2BXTBICLVRERD
RMSE (root mean square error) 33 X UF NSE (Nash—Sutcliffe model efficiency ) 2 X ¥ 5l L 7=
(Nash and Sutchiffe 1970; Karpouzas et al. 2006; Andersen et al. 2006).

100 1L o
RMSE = — JH;(P, 0) 12)
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/ Yo-or 1
i=1

NSE = [Z ©;—0) — Z (0, —P)

ZIT, B G, OBXUniL, ThEHh, THIE SEE SRFESESZUERT—#
HThHD.

F11 KO KHBEOTREZEH U, EHME L 8 Le#RE Fig. 17 1277, Kyapp(to)
B 1mLg Kl THDY /) T77, AZTFINEBITRAFTE— MIOWTI, Kiap
ORFELOERHY, EELZLTRHLETFREICRE2ZIRDOIT, ETHIEE
EREORFEMFRIIMR—F LT-. —F, Kigp(to)?d 6mL/g LY K VEEOEE,
Kaapp(to) X 0 BH Lo kKimHBE O FREIIEMEZ BRFEMT 2EMICHY, FicroF
T=Ur, A3 a7 FBIUTAFFT=2VOTFREIREIES KX < EB->T:.
LinL, K10 ZAVDZLIZLY, Kig OBRRFE(LZEE L TRE LIoKBIHBREDT
BIfEIE, EBfELE B<@ES L. Table 14 {Z RMSE B L UINSE DEHEREZTT. LA
|2 Ky DREREE(LZ EE LT=HE O RMSE 2V &<, NSE 2 1TSS R L 2oz,
BliczaF7=Ur, A3 a7) FBIUTTZAV FF =4O NSE iTKEBIZHEEZhTE
D, AKMHBED 2 AEOEBEHRERR TS LAEREIRE. b 3BOEIEIC
DT EMHRED DT, ZHRBT 5L, WThoEEL 70 BLU EOBEZTLTEY, #
REEOPTLEWERMIZH -7 (Fig 17). T2 T, Kagp()PEN 1mL/g LW L KEL,
SR EOBEIBOVREICE, AHMHBEOTFRIZHTZ > T K ORERELEZEZRT
HILPEBELEZONT:.

PLEORR LY, 2fhHBE, Tobbt@EnoAMEiitic v ERSh - EBIER
BEORHBERALNELRoTVAHE, R-10 L0 K, OBRBEELEHEL, YiHEEZ
o TEMHBREORBIHREZMEST S 2 L T, AWMHBEORTEZ TR TE 5 THEME
G ¢l
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Fig. 15. Time-dependent changes in apparent sorption coefficient (Kj o) of clothiamidin mn field study.

1000 E R X Dinotefuran
] ’ O Imidacloprid
100 - ,z’/ X Clothianidin
o E /,* A Thiacloprid
o i - .
2 o o O Fosthiazate
= 10 - P ‘
3 ] - = Metalaxyl
8 ] e
- . X . A Fenobucarb
! E A # Flutolanil
i 6 ® Procymidone
ﬂ-1 T T T I“‘I‘,Illl T T T TTTITI T T T TTTTIT T T TTTTITT +Tdclnrns—me"hyl
0.1 1 10 100 1000
Measured b

Fig. 16. Comparison between measured and calculated b values for equation (9). The solid line shows the 1:1 line
and the dashed lines show the 1:5 and 5:1 lines.
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1.2

Flutolanil
09 - DT.,=85

Concentrations of water extracts (pg/g DW)

0.6

0.3
0.0 T T T T T
0 15 30 45 60 75 90
0.5
Tolclofos-methyl
0.42 4 DT=18
0.09 Ky app 5)=170

Time after application (days)

Fig. 17. Comparisons between calculated and measured concentrations of water extracts from soil. (®) measured
values, (—) values predicted using apparent sorption coefficients calculated by equation (10) and (—-) values
predicted using apparent sorption coefficient at 0-day mncubation (K 4,(f5) (mL/g)). DT, (days) indicates the
values of total extracts from soil calculated by equation (4). Emor bars indicate the standard error. The measured
values of fenobucarb were less than 1.OQ on and after 28 days.
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Table 14. Statistical analysis of the measured and predicted concentrations of water extracts from soil.

Uniform sorption” TM&TTM
sorption
Soil Compound RMSE”  NSE” RMSE”’  NSE”
FS dinotefuran 588 0.78 531 0.97
imidacloprid 80.7 0.05 525 0.88
clothianidin 711 0.20 51.0 0.20
thiacloprid 704 0.82 644 0.87
fosthiazate 4458 0.92 36.0 0.97
metalaxyl 60.0 0.82 513 0.95
fenobucarb 15.7 0.97 145 0.95
flutolanil 879 —021 512 088
procymidone 826 0.71 62.9 0.87
tolclofos-methyl 4.7 0.73 63.9 0.84

¥ Prediction using apparent sorption coefficient of 0-day incubation.

® Prediction using apparent sorption coefficients calculated by equation (10).
“ Root mean square error (Vo).

9 Nash—Sutcliffe model efficiency.
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B4E RESLBMOBCERIZESW I LRRERBOBEEIZOVTD
wE

41 WE

HEPOBEBREICESWTERIEDICBIT AREBBRELZHEET 235001, LG
DEFHERERE, TobbBOKMHREOHBEZALNIITILERHD. F3E
T2t X 9z, SHMHBEORES X T K OREBEELSH LRSS, KinHRED
BEZTRTLZLNRFAETHSH. —F, Kip ORBELEHET SO0 I2 BRI
Wi & 32T Kaapp(to)ZBIET ALERH DD, Kipplte): OECD DF A R HA KA > 106
(OECD 2000) (U TR® = K OREAFREZHERT 5 &, mFIIHARF CEEZ R LE (Fig 18).
#€-> T, OECD#THIE SN Kaid, KHBEORELZ THIT 5 BRI Kap(t) DI L
LTRIATAZ L0iliffshs.

1000

100 -

K, (OECD106)

0.1 1 10 100 1000

K app(b)

Fig. 18. Companison between the apparent sorption coefficient of a 0 day mncubation [Ej xpp(fp)] and the soil
sorption coefficient (K;) measured by OECD test gmdeline 106. Both K ., (f) and K; were measured at
soil/water ratio of 1/5. If the amounts of pesticides sorbed to soils are zero, the nominal concentrations of
pesticides m hiquid pase are 0.2 pg/mL for Ky op(fo) and 0.1 pg/mL for Ky, respectively. The solid line shows the
1:1 line and the dashed lines show the 1:3 and 3:1 lines.
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OECD EICHEHL L TEE SN LEREFRBRII N ETICHS 0BERH Y, YFER
BIVROONT: GOEEICHOVWTIEHLEL LUVBEOB(LFEOBR AN CEBITHITH
hTwas., ZhoDmMmRIE, FCHEA A AEREOTEOEECE L THEOFHRES
EBIUVBED ogPNEETHLHZ L ERLTVSH (Wauchope etal 2002). Z D=8 Ky
FARREEETCHRLTHEL - EEEER (K 11, K &Y b HEROEE» /&L,
BEEAOEHRE LTRHAShS Z 28 E 0. £, K ZEED log P, I2EF L TE{L
TAHZLEDD, logPe #FE L Lz K OFERLIREEZN TV S (Chiou et al. 1983; Gerstl
and Mingelgrin 1984). f£- T, HHEOFHRKFEET RIS L UEHED log P, L Y Ks DEEEE
FHL, SOICYBEEEICESW OKMBRELZ TRT2 Z L AER EIETHD.
LasL, EEo+-HERFICE+TsmEiE, 197080 ERZPOLICHN TEBEhELOT
BV, logPy, RV K, OMEXN D YURFERE L TWEBEOCHRBRERIZESHTEES
NEboTHD, HHBETIREE 10 205 20 EOFRLEHHLMETR - BEShTEY, #
EOBEL IS THESLVHELERLERS D, BEOMRZZOITERATE S,
FHATHS. b, HRAFHOXNUETHIEBEOLEL, EICKURERHETS
BAR7 RO S BESD TS (HBEREFEFE2EHGHRS 1991). BAZ7 1T
FHRREEFSENZ VD, BARLTEIZL O LB THEERESEDOHHIENE
VY (DR 2000). E- T, BATEIZBITSEEOREREIIEN LEE L IR 5 e
Bd Y, Ke DEENE LU log Pow & A2 K DMEEFEICOWTIZTARTETEZ AV THE
[CRAET 2 ERH .

—7%, A TBIZBWTIE, RASHBTHESNF—BED K., CV T40-60%
BEOIELOZ 27T LAHE I TS (Wauchope et al. 2002). = ? K, DEBHZ-D
T, 4, HEAFEREORICEE LB Thbh T Y, B c BiE % (NMR)
B L VRS s HEEF R EOFEHEMR & BED K, OMICEE L HEBEEMRI LT
HZEHBRENTVS (Ahmad et al. 2001; Ahangar et al. 2008; Mitchell and Simpson 2013). L
L, BARLEICIETSBREOREIZSOVT, FREECEEROBAIORNLES
Bz, e, HEFEDOPIZIIROEL VWo o RAKSE (Black carbon, BC) A E %
NTWHZEFALRIZEN TS (HALEIEESES 2013). —&ICBCIiL, BELZZID
FRLEHEORFESBD TEV I EAMONTWAS, HEBIZEEFD BC 3 BED
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TEEEFICRITERCIOVWTRIhETHEEShATWRY. 2o ki, BIED SR
HFEx NI THEB SN TIRPo L IEARERFO T OBRALVEINTHZLT, HL
WKy DHEEFEOREBHREL 255 Ltz

FETHE, AKHREOBETRICLNER K 2 BESCHROBLFEEICE SOV THET
LHicw, 1TEOBESIVIEOHALTEIAVWT KBLIUK. % OECDETHEIEL, £
DOEBERZET L. BRALBIIB TS L. OEL T EZHONITHIE LI, BE
D log Pow ZFEIE L LT Koe DEEFIEICOWT, TORYUMEEZHRIELT. /-, A1
ORFEMERZEE PCNMR ICEVBIEL, HEREOCEESHER 2 FHERKEO(LEEROE
REVBNEZIT-oE. 0I5, BCOETAHEL TEERBIVGSZ 774 FEAWTE
FEOMERREZITV, BC L HEORBEREL LTS5 Z L TBCHLERE~RIZTTEE
EREAT LT,
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42 HEHFE

421 fitE =
321 e HEOME | cRB L -sBoHE oMz T, 253 BORALELRERL
7= (Table 15). BM{bFEHOHiTE LU HEEOSESIZ221 A HEOME ) 0 FEICHE

- 7.

Table 15. Properties of test soils

_ o ocY CEC” Clay pH ECY

Soil Classification Texture 1 1
(o) (cmol(+)kg™) (%)  (H0) (mScm™)

S19  Sand-dune Regosol sand 0.06 34 24 75 0.04
$2  Graylowlandsoil  sandyloam 085 12.2 14.6 48 026
$3Y  Yellow soil lightclay ~ 1.02 114 39.0 53 0.09
S4  Brown forestsoil  lightclay  1.15 172 35.5 47 0.09
$5Y Graylowlandsoil  silty clay 146 182 253 58 0.17
S6  Andosol loam 432 26.3 113 6.4 028
$7¥  Andosol loam 521 33.8 10.8 55 0.15
$89  Andosol siltyloam ~ 8.65 35.4 18 58 0.05

% Organic carbon content. ” Cation exchange capacity. © Electrical conductivity. @ Soils S1, $3, §5, $7 and 58
correspond to Soils 151, 1.52 153 1.54 and LS5 in Table 10, respectively.

422 WEHBEOED

Bk (log Pow=0570—461) BX UG F@ENRELS NEBEOFRBRAB L6 BOEE
HZHERSR L L (Table 16). {Z#E S OHEE L 97%LL T, Wako Pure Chemical Industries,
Ltd., Kanto Chemicals 35 X 1% Dr. Ehrenstorfer GmbH X ¥ B A L7-=. HERUEIEIT, Sriroain
it BECEATHEBOEE (LCMS/MS £72i12 GCMS)ZEEL, 3 2D —FIC
S LT (Table 16). Y N—T7 L Z7 & b AZHEREHE (100 pg/mL each) #FHH L 7=,
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Table 16. Hydrophobicity, chemical sructures and analytical groups of test compounds

Pesticide Analytical
Compound Chemical structure 3 Substance group  log P o
type group
imidacloprid ‘m I neonicotinoid 0.570
 H O A
)
dimethoate A— I organophosphate 0.704
5
\n_!_/_<. A
|
-.'_‘_,D
clothianidin S I neonicotinoid 0.005
A AL~ .
-_____.N
thiacloprid — I neonicotinoid 1.26
ik
~ )\ - N
fosthiazate Y I organophosphate 1.68
SOl '
metalaxyl } F phenylamide 1.75
b
o A
sy
~
methidathion L\ i I organophosphate 257
j';ﬁnh A
' M
—
fenobucarb J\ I carbamate 278
"y B
flutolanil []f"“% F phenylbenzamide 317
ageat B
F I. F
procymidone g % F dicarboximide 330
B
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) Pesticide 5 Analytical
Compound Chemical structure type? Substance group  log Py 9
group
fenifrothion T I organophosphate 332
o\
g
tetraconazole ; F triazole 3.56
g A
.T_li;_l C
{.._r...- L]
chloroneb F chlorophenyl 358
» / B
€l
diazinon A I organophosphate 3.69
D\\P,f’“ h“%) .
)’"*& \%,a c
cadusafos A I organophosphate 385
\ s
g‘ﬁ/\ B
tolclofos-methyl q F organophosphate 456
Lq“ ¢
T
tetradifon I bridged diphenyl 461
C

% Abbreviations: (T) insecticides; (F) fungicides. ™ Octanol-water partition coefficient were obtained from the Pesticide
Properties Database of TUPAC (http://sitem_herts.ac uk/aerw/iupac/). ¥ The pesticides were divided into 3 analytical
groups on the basis of the analytical methods.
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423 TR ERR
T BRI, OECD DT A A A K741 106 IZHEHM L T 2 TfTo7/. S0mL D

H7ABGBLEICRE L SgHUORELEZEY 20, 001 M OE(LI T LKEEHEE 25
mL A% 7= (BEi#kt=1: 5, wiv). 25+2°C T 16 RfiR & 5 L7, KHEOBIERED 0.1 pg/mL
ERDBIEINCEIN—T DT & b AEEER (100 pg/mL) % 25 pL FI0 L7, B 25£2°C
T24BERIR L 5 L=, 2,500 pm T 30 SMOELSBEEER T o2, B O4EERE, 15mL O
KHEEZSERL, AHEOBREREZ 325 HEHEOSITERIE] ICE->TEELE. KK
4B IS IRV Ky (ml/g) ERELE.

E=Cu/C, (15)

ZIT, G EOMBAKARE (ng/ml), C I3REFFEEOKHERE (nmL), Vit
EMLE{E IV T LKEBEOE (mL) TH5H. £, K. (mllp) 1%, KLEZAERES
B (%0C) TlLTREHLE (-16).

Koo =Ky~ (100/%0C) (16)

4.2.4 REVEIIKT 2 BEORERR

77w H—Rr (BC) IZxT HBREOREFELRNT S0, BCOETAMEL L
TiEMR (AC) BLU/ 7774 F (GP) ZAVTEEORERBREZEBKL:L. 10mL O
HZ ABLGRILE |2 50 mg @ AC (SS1; Ajinomoto Fine-Techno Company, Kanagawa, Japan) 35 X
% 500mg > GP (ENVI-Carb; Supelco) # &Y & 0, T -~ FHEENRERS 3EORE (b
AYHRA, /a7 BLIU0TayI FY) 2807 F B (1 pg/mLeach) % SmL
Mz fz. 25+2°C T 24 BERIR & 5 L7=#, 2,500 ipm T 30 43 0E L4 BER 1T - 7. 500 uL
DB ESRL, T Z~NEEENE (7 = FF-d6) ZFHEME, FLE 045 pm D PTFE
TANT—TAHBLE. AP OBRERE% GC-MS (Table 5 8L 10 13) THIEL, K & F
BRICE- 14 BX0N1S5 L0, ACT & b ERE (Kac, mL/g) 35X UGP-7T+t F 4Bl R
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(Kep, mL/g) ZRH L.

4.2.5 [EfE "CNMR |z L % 54517

HERESEIEEIZRS1 2R TEOLEHICIOWT, Bk "CNMR I X A5
EiToT. #if0ihEL LRS5BT HEREL, FBREFOBEZITHI D, THEZT v
{b7k EBETHMEL L7-. Rumbel & (2006) 1%, 138% 10%0 7 v {bLKEEECTLE LRI
BWTH, AERECLFEMIZELRRON Aot 2@MELTWVWA. 02 mm O
FEL-EEL 10g 23 LT, 8% ww) D7 v bkEEEZ30mLINAT2KME: S L
f=. 4500 pm T 15 M OFELSEEZITV, LBAEZREFELE. ZOREEZ, RE S
E-WHEELTSOLICTEREVIELE QFFM XS5 ER LT 16 Rl X2 E). 7 v bKERE
MEHOTEIZ, 30mL OFEEAKEMZ T30 45MIEL 5 L, 4,500 mpm T 15 M OEFELS
BEfE, LBAZEREL. ZOBEZEHICTERV IR L, FEEARE® O HERET 50°C
T2 B S, TV &E AW THRRIC L. 2EOMB#EHT, Hiradate & (2006)
DEfEIZFEVY, FT NMR (Alpha 300; JEOL, Tokyo, Japan) # A\ TR X4HE « =2 v 7 fa[a]
& (CPMS) BETHIELE. Boii PCcoR~L7 b id, 4 O, +72bH 045 ppm
(7 3V C), 45-110 ppm (O-7 /LF /L C), 110-160 ppm (B FEE C) 3+ LT 160-190 pm (H
NARF N C) 12471, BREIEO AT FAVOFESEEZ 28 (0-190 pm) OFF45E T
HZEICXY, REMREZRHLE.

426 FETI UV
3L D 4y T-HETE D B8 (k12 MOPAC 2012 package (MOPAC 2016) %M L, PM7 3L
k=7 & B ER%R09 4 FEEEE (keywords: EF, PRECISE, GNORM=0.05, GRAPHF,
MMOK) Z LD fTolz.
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413 BEBRERBLUEER

431 TEEOE{LENE L LETERE (K) ORF

Ky & TEOFRLFEMSE L OM CRERBINEITo L 25, LEOKLTEE, pH,
RUCHEE L OEBITED o 72, AHREESER XU CEC L OMBIXHEN & WVEmIZH
Y, BEOBRECOWTITRHMIZAE (p<0.05) 2HEELED LM (Table 17). EIED
% <13, LD pH45-75 WA TIIHEA AL BE LTHFEL TS, 1EhD
ARRFICH L TEKEHEERICLYVRELEZEPRRENE. —F, CECIZA A~
HEED HEREICEBERIZITZLEIMONTVAR, A A HREOLERE L O
BIRIZ OV TIREERIA A2V, CEC MMFIEHBOFHRESES LUK LEHOEE
LEDZRIZL-TERL, HCABRESEOFELRREVZEFBRESATWD
(Syersetal 1970). BiELtIIZOW\T CEC L ARREEGROMFREZER TS L, @MEOM
IZIZTEWIEOHEBBE =093, p<0.01) BRI L. ZdOfwh, CEC & Ky ORIC L
BIC B\ VFEBEBIR S I LT b D LB ST,

FA A AEBRED K L ABREFESEOMEMIL, LEOMOBILEME L HANEE B
iZHY, AERESBEOTEREF IS TEELREFIZR L TWAZ LABARLET
LEBEhE. LL, R 17TEOBRED S L 11 B CHEEHS 072 TE-TE
D, ARRFESENOKREEETAZLIIHELEZ O, 612, LEFERESE
THRTHZILETEZRHL, TOEHEZHBLIZL IS, K 3B TRERELSZ
R LT- (FBIED CV=36.6-173%, Fig. 19). A#RESEIED TEWTE (0.5%FiH)
DFE, K PHEROIZEVELZ R LI OHENH D (Gerstl and Mingelgrin 1984; Gerstl
1990). L#:L, 10 5 HbERRESEN 0.5%KRiHD S1 DEZRWEHEIZE T
ty, Koo D CV [ 29.5-125% &0 (11 BIEN 60%LLE) (=& 0, SO CEME (CV=40-60%:
Wauchope etal. 2002) *H#: L TH BATEO K, OFBIRE VW EARHEALN L 2T,

UbEZzEEE25L, BALBIIBT2REOCESERZ, ARREOE OHPLHAT
HZLIZHETHY, FHEREFOE, THbLLEFESECEFETOILENDDLLEZD
hi-.
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Table 17. Correlation coefficients () between the K values of pesticides and soil properties

Compound NF' i

soils ocC CEC Clay pH EC
Imidacloprid 8 0.69 0.77* —030 —0.06 —0.10
Dimethoate 4 039 0.70 —0.46 0.11 —0.05
Clothianidin 7 0.77" 0.87* —0.63 027 —-0.29
Thiacloprid 7 0.73 0.85* —0.61 0.26 026
Metalaxyl 7 0.53 0.68 —0.20 -0.08 —-0.08
Fosthiazate 6 0.59 0.80 —0.46 0.26 026
Methidathion 8 0.92" 0.87" —0.52 -0.02 024
Fenobucarb 5 0.52 0.75 —0.57 -0.14 —0.05
Flutolanil 7 0.56 0.74 —0.52 027 —0.04
Procymidone 7 0.52 0.72 047 025 —0.05
Fenitrothion 8 0.73" 082" 041 —0.06 —0.01
Tetraconazole 8 0.69 083" —0.32 —0.05 0.07
Chloroneb 7 0.60 0.77" —0.52 021 —-0.17
Diazinon 7 0.72 0.88 —0.70 038 0.02
Cadusafos 7 0.57 0.76" —0.52 031 —0.03
Tolclofos-methyl 8 0.68 081 —0.35 -0.07 0.11
Tetradifon 8 081 0.017 —0.36 -0.06 0.23

" Significant at p < 0.05;  significant at p < 0.01.
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432 BIED log Py, & TETHEH (KD DOBEFE

TEGEOREMOES Z AT T 570, BIED log Pow & K. DBMFEZHE L - (Fig.
19). K, 1ZE23ED log P, (Table 16) H3E < AT X REVEZ R TEMICH D, BKMEDS
BWRAZBRAAFIV (log Pm=4.56) 3L T TV H Y (log Pew=4.61) O K, i3
BIELDLREXWEEZRELE. LL, 3X¥FRR, KRFTP—FBLUTRA bxz—F
DEDIZ, HTFBECFEREFLLRVIED K 1T, log P KRIBEOHMOBEELY &
NEWERIZH T, F—FEHD A0 81 HEEEF R T log Ko & log P, DFERE % 158
BINCERT T B L, THEOTED 5 LRGN 07 282 L0IE 28XV S4 D 2 EDOH
Td -7z (Table 18). BA 7 +TH 5 STH LSS IZ W Tid, MHBFHREN 0S5 Kl TH Y,
AELHEEIITEONR 2. A TEIZ OV T log P ZIRIE L LT K OHEEFEMN
HE XN TV 5% (Chiou et al. 1983; Gerstl and Mingelgrin 1984), B 7A@ E 8 /2 i+ ¢
HHBR7 HIZOWTZhEZERATAZLIIEEL E2 00 LEOKR LY, K 1T log
P ICETFE L CESTAEmICH -0, 2 o0REs +CIIAEEOMEBITELS, F0ER
ELTREOHFTFBENFTBEREICREL WA Z LTI,
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Fig. 19. Varability of the log K. values of test soils
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Table 18. Correlation coefficients () between the log K, values and the log Py, values of pesticides

Soil r

52 0.71%*
53 0.64*
54 0.78%*
55 0.52%
56 0.66%*
57 0.47
58 0.40

" Significant at p < 0.05;  significant at p < 0.01.

433 TEERERREOMFMBLOE D TREEOESIC RITTRE

R EOEE CNMR 222 FAB LIRS FAOFRSELVEH L REMERE
FNENFig. 20 B X T Table 19 (277, REMMIT HBOBEICL - TREAESEEZRLE
5, BLREABEEEDTVWEOBROTAFACTHY, Era—R~Itrn—2
EVoEEEMERZEEERTWAZ L BEEShE. —F, HEATRbLARERE
LOEERLERERSVEEFRC THY, TOFEIT126413%0&EETH- 7. FiC
2EOER Y +THEFECOFIENE L (S7:41.3%3 L1S8:339%), L T@HEENT
WABERHCY v KT 28t it ROEEV HE S8 5 5172311 HHEOE (6.8-44.5%,
EHET 200%) & 8 L THLEVERAIZH - 7= (Mahieu et al. 1999). —f¥iZ HIBh O F#
Wi, MEYSRCIKSBOREELZ T, sEEEFEDIZE, Batto oTrxn
COFEIEHEL L, BRMitn ) V=008 = tBETHEER C OFEHHENT 5
ZEDB@MESINTVWS (Inbaretal 1989). —F, HEHR C OFIGIIEIHO K ANDOFKE
bR, EERARAANIC LY REHER - TEINWTEEEHOLET, KAhEZETIC
HHA~EBE LETEHOTEE Y L EFECOFIESHE N LB FREN TS (Golchin et
al. 1997). HEHIZIIRDCEL VWS BCHFET D ZEPHLNICENTEY, BRDRE
A7 1o b HESEEICLY SRS EYR{IEY S, LEPOLFRRFIIHLT
34-33%DFNEEEHED TV L OBENH S (Shindoetal 2004). =512, RHAFETERZ
TE Y SEEESh-EDR{EDEEE SCNMR THIE L& 25, REHERO 61-714%713%
FREC TholZ LAFREN TS (Sultana et al. 2010). AHER 18755 L TAANDE
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iz Ty, UL, BR7 L0AGERIZIE, &LV ABHRAANIZE -
TEHENTEEAAZEROBEN BRI TS (LR 1973). ZhoomRix, 2/
DRR7 L THEER COBENEP->TEAD—2 L LT, KANIZLY £ LK BCHF
B LIS ESR LTS,
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Fig. 20. Solid-state *C NMR spectra of the soils
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Table 19. Proportions of each carbon region in NMR spectra (%)

Alkyl 0-Alkyl Aromatic Carboxyl
(045 ppm) (45-110 ppm) (110-160 ppm) (160—190 ppm)
S2 287 16.0 152 10.1
S3 26.0 480 17.3 8.7
S4 274 408 12.6 10.2
S5 248 447 18.6 118
S6 238 474 18.2 10.5
S7 16.9 273 413 14.5
S8 19.7 33.7 33.9 12.7

K, & TEOFREMT OB SIZOWTHERERZHEE LR, K 31E0 o7 1%
NC EOMTADHEMAERL, ¥$EFKC LOMTIZIEEOHEB AR LT (Table 20). 1HRIE
HOMEFEIL Koe D CVBREVEETEVVEMIZH Y, Ko DEENZ T ORI D
BOPKEBLELOL#EREIRE. ZhETIS, Kk O-7TAFNCOAORBIX, 7k
FY, AR N, Vyn Bttt ot BETHESIN TS (Ahmad et al.
2001; Ahangar et al. 2008; Mitchell and Simpson 2013). & & |Z Mitchell & (2013) (%, +Hir
DO-TNAFNCEBMASRILVBRELEER, TP 0rBlRYvn 0K 0RH
BICEL o2 EEFLTWS. DLELY, BEEHEICERKT S O-TAF/L CHREN
TETIE, BEORENFRDLHRRBEINT. —F, O-TAFNAC LITREMIZ,
K b EFRCOEOHMLECZNOOBIETHER N TS (Ahmad et al 2001;
Ahangar et al. 2008; Mitchell and Simpson 2013). BlE® X 51z, R THEOIES-= 1%
bAREDSTERER DDV EEFRCTHY, TOEHERO—DIIBCOEENREZLLNS.
—f¥IZ BC I3, BEZESUABLLEDEOREEIED TH N EBMER TS,
Loganathan & (2009) X/\#b & OBERIK O LE~OEAR, 7o o0 HE~ORERFE
ICERETRELWELTREY, LB 2BAKOEEN 0.05%% ERIZHE, YUn
YOTERFENREHROERIEFLTERLEZILZRLTNS. Z0kd, Kk
D Koe DEMIZONWTE BCHRE LIRSS E W LR SR,

68



Table 20. Coefficients of vaniation (CV) of K, values and correlation coefficients () between the log K, values
of pesticides and proportions of each carbon type

No. CV (%) of r
Compound ) _

soils Ky values alkyl O-allcyl aromatic carboxyl
Imidacloprid 7 12490 —091" —095" 093" 097
Dimethoate 4 824 —0.57 —0.63 0.60 0.73
Clothianidin 7 1138 —0.997 —0.04” 097" 001"
Thiacloprid 7 1154 —-0.027 —0.95" 0.94” 097"
Metalaxyl 6 702 -0.28 -0.32 028 0.54
Fosthiazate 6 46.9 —0.05 —-0.12 0.07 027
Methidathion 7 038 —0.97" —0.97" 0.08" 001"
Fenobucarb 5 022 —0.80 —0.73 0.76 0.67
Flutolanil 7 65.9 030 —041 039 0.29
Procymidone 7 840 —0.58 —0.55 057 0.52
Fenitrothion 7 76.3 —0.66 —0.80° 0.75 0.78°
Tetraconazole 7 502 042 —0.25 0.30 0.30
Chloroneb 7 117.0 —0.86" —-0.01" 0.89" 0.02"
Diazinon 7 487 0.51 0.31 -0.40 —0.23
Cadusafos 7 500 —0.38 —041 0.40 0.40
Tolclofos-methyl 7 458 —-0.19 030 0.26 0.28
Tetradifon 7 205 0.40 034 -036 -037

" Significant at p < 0.05;  significant at p < 0.01.
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434 BEOHTHEOR VG HEREOEE- RIFTHE

AR T2 L 92, BED K. OEBHERO—>o ¢ LTLHEFO BC A5 Lz &0
HEEmE . —F, BC ~ORBEEDE O IZIL, MEOBKEOHM, & FEEDE,
THOLEFROAELHFOLEELEE TS Z LS TVW% (Bucheli and
Gustafsson 2003; JI[UEIZ7> 2009; Sobek et al. 2009). 72 H, log P AARIREOHE,
PHE LV LEBREZAETIHEORENM. £, FERZATHIHER L HET
Hl, FEEER LY S SHEORENHE. KUY 7 =/ (PCB) OiFHERE LW
Wioxt+ 2 mE L, FEESE2 LI\ ortho KX 0 L EHEEES L Y 7\ non-ortho
EDF RN L HEE S Tv5 (Bucheli and Gustafsson 2003; JI|6&1F7A> 2009). BC iZ
T HBREORFHEEETTA0,BCOETAHE L LTHEERBLOGYF 774 b
H—RrERAWTREOHRERBLER L. BAKEPRBE T FESENERSIED
BIE, H XVERA (logPe=385), 71 uFT (log Prm=358) BLU7r+3I K (log
P,=330) #HHR LI 2 A, MREDEICHTIHELEL, SRBETHL D XHER R,
SERDE CHIVIFEED T u v I Fr, EFEEDETHY, OFREEEZETS
uunR7OIBIZEVEBICH T (Fig. 21 BXUR22). BERE ST 774 M I—FR i3,
REHE, AMESIUVBMEEREOARL Y OATRESIMHEL T, WEOEHE
WLLTYF7=BRALTWA. Z0kd, 3 BEORFEORE VL, FREMED
EABETHL77 7= BLEREOCHFFRLEOMTELS nafBEERDM IS OEZ
kAt mE#HE S (Ortmann et al. 2005; Grimme 2008). Zh & DOFER L, R +THEoH
TRL>EEFEC OFEREN-T-BR 7 + 87T ORBFRBOBRAL®TH L, 3 BEOR
FHOMBITEREYE L RROFME2T LTV (Fig. 22). fE-T, ¥F R COFERE
<, log Koo & log P, DR THELHENE N 2H -2 BA 7 £ 87 (Table 18) (23T,
Koe DEENZ TP O BC 12T 5 RBEORERFELFE LTSN H Y, K OFHIC
BhlcoTlog P UHDER, +bbHFROFE, FEMEL VW o BEO G TFEELE
BTa0LERHDEEZON.

PlEd X 5z, BATEIC KT 2 BEORE L, HEOFHREESRL L URED log Pe
I L CESTAEMII RN 00, WEOEICE SN T K d 5\ T K ZHEEIC
TFRITHZLIIEELZ 2 G-, AR TIE, FRREOLEEHEMB X EEDS T
WICEHTHZ LT, HEPOEERC, HFICBCHLEREOEEIHE L TWDHAHE
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%R L7, Gustafsson & (1996) Ix, THETIZHWE, BBOEEICSEhsEOEEE
EEL, Z6ICHIZHT S PAH OB EHEZROHAH LT, FTEOR-17TIZLVEEICE
75 PAH O EFRFEZBE L FRITAZLICHRILTWA.

Ky = foo Koot fic " Ksc (17

IIT BT ENSFRREOFE (g, flZEEIIETETNIEOTFE (g,
K 3 REER (ml/g) THD.

HEFA T, HEFOBCEZEETSHDHOEREIR I TELT (BALTEHEE
F22013), EEPOROEEENTEIOBC ~FTOEEFEATEIbIT TV, &
7z, BIED BC ~OWF LT SIZ20 T, BCOETTFAPEEZAWTERNT S, Bl
fbehi-BEOSFEEL D LITREMICHE T2 L. 4%, H#EIcExh BC
DFEE (fae) ZEERT HFEFEELIN, ZLICHFRLETFEZAWEERNEEEIEHER
RRyFSrialb—a EOFEERATAZLT, BEOSTHEENS BC RF
EHW Keo) 2TFHIT L2208 TENE, ThoDFRICESHWTHEERLBEBICBIT S K28
BUCHEET S Z L RFREL D Lz,
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Cadusafos

Procymidone

Fig. 21. Molecular structures of pesticides optinmzed according to the PM7 semi-empirical Hamiltomian method
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Fig. 22. (A) Soil-water distnbution coefficients (K;) for soil 57, (B) activated carbon (AC)-acetone distnbution
coefficients (Kuc). (C) graphite (GP)-acetone distribution coefficients (Kgp). Colummns with the same letter are not
significantly different at p < 0.05 by ANOVA with Tukey’s multiple range test for (A) and (B) and unpaired
2-sided t-tests for (C). Emror bars indicate standard deviations (n = 3). ND: not detectable.
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BSE KREEER

AT, BIEDICBT2BEOREEZRARIBIET S0, HEPORERENL
BIEMIIBIT5RBBELHET S FEORBLEA. TBIIRE LEBEDL, LEP
DK T HLBERZIT L TEDE~BRVATNDZEHABEESND. Z0k), B2
BECRIENOKICL - TR Sh 2 BES RHRE) (CEE L, HEH»SEDICR
I BITEN-BEELORMEREZFAE L. EENELRS SEOFRA - BEHEZRHWT
BB LE-E 25, 2 0BEOEHTIRER, KMHBE L OMTHVWECHEMEEZTRLE.
T, BRIEMOFEENFESNSEH O LBEAER L, KHBELZRETSZ LT,
BIEMICBT AREREZHETE 2EESTESRE. LL, EPRE L kbR
EORRIZOWT, 8BLTOREDT —F 2> THRERBROTEToREZA, BE
OFEBITEVERICH -T2, ZOEBIZOVWTIHE, (EBENIZE T 5108 AR 5 B3
MTRELHDZZEPFELTVWAILOLEEINE. Z0kd, FREORBHAHEELH
WTAMHBEEZMET 5224 T, (EOHFOREBREOCHENFIELLDEEZ LN,
LasL, BEOCHEDABERIZOVWTIY, XKETIZEREDORGH HRFICHBIEORLY
BERENRTWALO® (US.EPA1996), BATIRROH LN TELT, IR LEEDT
AAENTHATX AMRIIFEFICELATWS. HEM T, BRER, TihbbiEmp
e Lk EEORBRRIZENOBEICOWTER - BRTALERS Y, HEHEAED
e hBEL 1 SOREBB TTFRITAZ LZEELE2 60, £, FEOEREK OV
TERAZER LIEHEICENTY, KHRBEL L THEEROEZACS L, PR
ELOMHBAME 2SBENBEDHONE. ZhoDBIEIZOWTIE, [NHERFO K HIBE
FRWEZ L CERRO R EgES i Z &b, AHIEBEOHIES THEIL, DUHTIC
Bl SKMHBEZHETS2LENRSHD LEZLONE.

SIHIZE2ETIHE, SAP OBVWAEEO LEGREL JIUEHPRECRIZTTRELR
L. SAPHRLAZZIFLEKMHBREFETL, ZhZBE L THEDPRELET TS
EHHERENE. 892y AMO SAP 2BET S Z L TE®H T O BIERE 5 L UVKMHBE
BEETHSORETTAZERHALM LR, FERRIIZENTERLTWSEH, EN
L0 b EEPBIEOHEFECERBIZB T HEEDRIIEOIIREL RDILEPHES
iz, SAP(EEOAERSIZEVTIIPB) OREIZ L SEFWHREDEBREHET
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HeHizy, HBREHBICBITLIKEHBEOHELZ TFRTLILNERHD LELON.

B2 EOBERLZZTT, B3 ETIKMHBEOBIEREIC OV TRET 21TV, A
BEORBHMBREZHEET S FHEORBELERA. P, ABHBEORBERELAETTS
fedh, B2EIVLEL OBE Fhf 15, FFEH: 128 20RL L-ERATER
R A EHE Uiz, KihH IR E O DTs & 2HHIBE FREERH Sh- BEREIZEY)
D DTso 28T 5 &, 2FEMIIKMERED DT AV ESVERZTR L. i, 2fbHR
B ORI — A2 SFO EFNA~EE L2, KibHBEOEIEd#IL SFO €5
X0y THEEEEBR TS DFOP £7F V~B{#EH L. 612, KiBHEBED DTs, % 118
BICHERT AL FRRESEN SV I L/ NIWHRZTR LA, 2HMHIRED DT
ICBWTZoEmRR ool 2MHRE, SV AEEEIC L - Tl - EES
N IR E OREEER L UF O DT o2V T, BERGEOF—¥ 25D TiBEICE
K OMBHEEENTWS. LL, KHIREL SfMHBEORIEFEIRE I BRD
ZEnb, £MERECHMREZZOFIEEMAL OUKMHBEORENREHEET I LI
HEgELr £z bhi-. —F, A BEOTERFIZIE, HEPORBRENEELHE
FEH-TWVD. Zofkd, HBOFHREES RIS U TER LiKhHRE OB IOEE
2, TE~ORFFEIPFELLPARBINE. ERNIEREEROBRE L LIC
TR EORFELERITLIZL 25, Kig 1 1FR8 B FOFHRIZHF L TERAIZHIM
THZENHERENT. £, Kigp, OHEIEEL, HEOFERREZENEL, BED log
Po REWEMYE, THDLHA A AEREOREN B R DHRETREL RDBEAIED L
hiz. #-T, FERREEEOZVIEIZE WV TKMEIRE D DTs H3/h & < Ao mEEIZ
DNTIE, Y% HE T Ky, PHMEENAE <, 07 bAdmHBE R ECHICHIEL
FebDEEBZONT. —F, Ky OHEINERE L BREOFHEE OREZ T T Kaapp(to) DB
REEFT AL, MEOMIZIIEVWEOHEMARR I, Z0fk®), Kip)ZHEiEL+
B I LT Ky DERELEZHEETE DM REINE.

SHHBEORMBEMRE Ko THETAZLICLD, E@EH (BAR7 1) 26T 5kH
HBEORIMBOMEE LRS-, KMHREIZOWT, Ky ORFELLEZZEEL-HE
EEBLAEDSTEHEOENENTHEEZFH L, ERHE L 8 L7z, TOREE, Kaap(t)
pemL/g LV HREL, 2MHRBREOHIENEV (DTso>70 B) BEZIOWTIE, Kig
ORFELEZERETICREH LR EERIIEREZ KE LRLER o7, LL,
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Kaapp(tWZED T Ko PREFRFE(LZTHIL, ZOTFHEHEZ AW TKMEHBEEZHEE L
LA, WHEMFEITEME:L:B<EEG L. REEFEIL, SEBR7 LUAORSE THRIE
THOMERHDLDD, Kyip(h) & FRELMH S h /- BEREOHEIGERE A LRHE,
WHFHEICL D AKMHBEORENR, EVTHEEDICBTIREREZHETEZ AT
SR ENhE (Fig 23).

Kiap(t)) & —ixE8Y72 OECD IE TR KA T2 &, MERIMARCEZRLE. Z
D, Kigpt)PfH V2 OECD O Ky # AV 5 Z & ThRBHBEOHENRHEETESL L
Zzbhiz. B4 ¥ T|E, OCED ® Ky OEBERIZHOWT 1R X TEBEOB(LFEEOE
G 2To0. 1THEOME @GEA: 178 FEH- 6% BLUsEn B4
DONWTRO KiE, TEOTEE, pH B L UVEREEE L ofliE -7, —7F,
K L ABRESEOHEMIILENEVVEMICHY, LOEESICHERRENELS LTS
ERRME I, LA L, MHBEEREES 07 2 BA-OR1ITEORED S L 6EICLEEY,
FERESEICESVWTKERBICHEETAZLIIRE L E2x M. £, K EFA#ER
FEETHRLTHELE: K. OES % HIBCHRET S £, CVOE (CV=36.6-173%) |1iF
SO ICEE (CV=40-60%; Wauchope etal 2002) LV L K& dofc. Zofw, HAEALEZ
BiTD K DIELHOZTEENT HOI2IT, FBRFOE LT TRE, THhbLEFE
BECEETHALERHLLEZON:. —F, L. OEHZBEMTHETS L, logPw
BEWVEED K AREWEAIZH 7. LavL, ERECHEFOHMBEREZRHETS L,
HEFED 07 Z ER->T-DR TEOLBEO I L 2BDOATHY, HIZ2OORKI/£T
1205% FEIBELZT L. K & log Poy DIEDOHEBIZ DWW TIHBEIZEE L OBRENRDH Y,
log P, # i\ - K, OEXLIEEIN TS (Chiou et al. 1983; Gerstl and Mingelgrin
1984). L#:L, BALTE, HIZER7 HicBWTiEE OMEBIXEVEEIZH Y, log Po
ICESWT K EMET HHEICIIEREEET S L E A 0Nk. log P DRIRE THr 18
ERERIBEDKNFERTIL, FEREFLLRVWEHEHRDELSTEFRIELEY LV HIE
WE R LD, BEOSTHBEOREV N KL OEECEELELDL#EEILT.

Ko DEENVE HEAEBREO(CEFBEOB A L VT 21T 7. & LBoREMME B
PCNMREIZEVHEIELEZA, HEMTL- L b REREHERLEOBEEFHKRC T
B (CV=48.0%), KEK C OHIEG L K OMICIZTEOHBERED Shi-. R EE
DREFEICL TR RHEERLER, K DEL T HRREVEREIZEHBREIIE 25
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HEARDoni/e®d, K DELOZIHFRCOFIGHEER L LRI, F
FRCIZIZ) V=007 =i EORGOE D, BHHOKANEFICIL>TELEBC
NEEFNSZ EAFEME N TV 5 (Shindo et al. 2004; Sultana et al. 2010). BC (T —fik |- 3
EEUAREEDEOREN S, HEPTOFEENR LT, HELEORERIC
B RIFTTAREMN H D (Loganathan et al. 2009). F D=, BC DEFNAHEL LTHE
HERBLVS 774 FEERLT, BIEOBC ~ORFR/FELHTE L. log P HFRITRE
ETHFHRENRRLIBOBELHR L L 25, MREDEICHT 2REIL, HER
ERRVWERDE, HEEEEOFEFRILEY, FRiBELZH T 55 ERILEHOIATE
WEMIZH o7, MREVEOGBBETHDHS 77 = VRBIZHT 5 nan HEEROMRTS
BRFIIEBELEZ LA RRINE. #RTBOP TR LEEER C ORIEHEN-TER
7roBRIEET S L, 3BEOREOHBIIFKENE L REOBEMETRLTVE.
#-T, HFEERCHSVLETIEZ, BEOLIBRE OIS XIZ BC IR 2 REFHEH
TELEEZEpFRENT. ERLELSIZHFFKRCHEVERRZ LT, K & logP,
DOFEIMEL, log P 218 L L K. OTFRIIHRETH 7. L L, FHFRREE,
TEICBITSBCOEFREBLUBCIZHT HBEOCREREZALNITHILT, KD
LV IERAR TR AEBIZARSZLE2RLTWS. BCREEPFCEHMEETHD, REL
L TOFERMBREV. £07), #ERER{AROB A, L, BC OBE L EEEIZH
TAHHREIR, HRANICRELREEEZEDTWD (BATEEEFES 2013). 4%, LHHE$
D BC ZHEE - EETAIFENEIESIAE, THOFERESRIIMNZ T, BCEELE
BET5ZLT, BEOTERELTHTHIZLAMREBIZARD LEZZLND (Fig 23).
BE, BROBRERGIZBWVIL, HHPO DT, , TobbEEEREIZESWTRERED
IZHBITHBREENFEMEIATEY, tEPOREECTELOIED~OBITERICESWE
EENZEMIZTbh T, RBFFEIE, OECD EIC L VR bl Kb L UE AL
LV - EEESN LSS ERED DT AL ARHE, hooF—2ZFBALTHE
PRI FTREZ2 KA B DOEROHEELZ FIRE L LTz (Fig 23). MAEOFHEEDO B
RIREFIZIL, 4O TEERAWELERERRE LU 2 2 ORBIZE T 5 HEREERO
ERIPBHE ST TS, #-T, ThThORBRERTHS KiBI VDT AT
RO T A BEOREBICE SO TRIEDIZEIT ARARERE (V- Mr—2X) %
THL, Zh2REEEELEBRT LI LT, EENGHESEZHA LR LW ERIEDERE
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OFHBAFAIEEIC 2D LEZ OGNS, £, BEAERSBICEVTL, KHREOHEERE
ICESWTETRPBIZRIET HZ LT, REOREMEREZRARITPHIET H Z L 3AT6E
Ehd. L L, EREOAERHTHE, EHEEMTTCELVWERARITRIZEWVIZE,
BEERNLRRERLRE RS, E-oT, XEHBICBT SRIFDRERECHEL, V-2
Fr—2REZBELELOTIERL, AHOLESELZZE L TLVREIZITbh 2 LER
H5H. BABRTHLRAIICARERIBIT 2 LOEL2EEIKREL, BCH K DOHESL
DEAFELTWAAERIITREN L0, BRAT KL ZTRT5D0FDRFEID
ML EIh T, Zoksd, KiHBEZ X0 ERICTEF 20030 R@R0 K %
ERF HMENHSH. Watanabe & (2016) 1, K DRIEIZH - - TEESERERE (ELISA)
HEEHAL, BEHOREIZKLERDDSZLICHIHIL TS, ELSAETREXNE K
i1, BRI THESIE K EZERFOELTLTEY, KBHBEOHEICHI-T
AMEREShD ZLABfFENS. £, TEPO DTy ITIXHEBEHOFEESRE LE
B2 RIFT L5 (Ghafooretal 2011), RIU T TH-o THER « fEKE, HIEOEA
B, FH (RE) 2EOFEIC L > THMAEDEENAZELL, DT bR SEEZRTZ LN
HEINS. HEMAEPREEIZONTY, TOMSEEEFBREENA TS (Filixs
2005). ZD7=®, XHEES TERINIMEDBEEIZE ST DT 2MET D Z LA H
¥hid, AHBEOHEREOR EIC2 235 b0EEL6R. REBICRDH, B
RTHRECTERREICBIT S AREREOCSEAEITZITV, TOHEEZHEET S FEOMH
BET-oT. L L, BREOLEEE:CIEY~ORMVAETNT S, EOENIZEITS
KB RIIBEOERIZL-TRELRD. ZhoOFHMICEREZEBEW-EHIBT 5 BED
RN S SBROEELRRELEA LS.
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FRLOERRICH TV, ZRETHE, ZHELRLPCIGMEZBY ELEERBEIR
FRERBFFESRERFFROESHMERICOLVESHE L EFET.

B LOERIZSHT=Y, TS L IEMEEY £ LEARAERENISREBERO
BHAEERE, ErERIAEAERBERERADTERZTMOE B BeEdE, Eai
TREBZFHHIRERE S AT AZROFBLEHE, FHEAZESFTRERRETERO
KigfEvEEERIC R  EBe L EiFEd.

FHFFEOHEE L AR ILOIERIZH T > T, HREOFR ST H0mICAEIZES F TIL
RZHEEE ZEERBY, ChETFREMERToTTFEWE LM fTEENBERE
BT (- BB ENEYE - AR EERIFR O AR ERERE LML
2 —) OBFhERL, NERELAZLZESFEROSREMTICO L V@R LET
7.

Aaw ST ATEOE N B ERE IR THONEHREMREZ L VX 2D
DTHYET. FMROWEIZHY, ZRETHE, ZBHELROWBICIHHEZBYVEL
Te S ATEE N BERREHIFHREFTOREEM L, MAeEREL, YA EEHLT, &Y
EAEL GR-AERFEMRER) CEE@LR L EFET.

FHEOZITICH-T, BHWIHAHE ZZEZB Y £ LIMSfTEE N EHKEH
BELHIRE 7 —ORFEFEEL, IUERRICESE#H - LET.

B&IZ, ARREEZT T~ TAFENOXA T TFE-EFRICH L TO LY E
#oOBERLET.

EHFEO—ERIL, BREEOREMTLRSHESE NBEULEBECRIEDBREY X 7 Mz
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fEOHFICER SN - BESNEZ L TE~REL, TORICEMTESNEY (#
B OREEBEELZBA TRHENATHSBESI TS, BIEDICBITSBED
BREEZRARIGLET 501, BIEVPOREBRELZEFTRNCHEEL, TOHEREICE
ST EEHOERITEEIEIAR (plant-back interval, PBI) # 8% (1 5 72 ¥ Om@Ee) /et W 2 5%
CHUENRDHD. TITHEMRETIE, HEPOBERELEEL L TERIEDICKITHIRE
BEZEETHSFEOMBLRAL. Thbb, () LEICEY LIEYr RN FTeE 4 B
I (FIARREREE) ohil - ERE, (2) RMEFR L DGR REE AV AT ERIEDH
ROHERE, Q) BECTHBEOB(LFEEIZE SV HBERERBOMEEEICIOWVTHRNE
1T-7=.

() HBZRE L3RI rTER BIE (FIARERE) ofl - EREORE

Z 2T, ECEBEPRECED~ORGHELFEME TS0, BRI Lok E
Tol. SEOBELSIVABOREOTBEAVWTCav Y FOHERBREZITo-. BE
ALE TR CHE Lo Y o RERE (FHHRE) X, THEOBRICETFLTES
L, FEREFSENE LERENECBER7 L TIHEVEZTLE. ZoEHDBRED
EENERERZ TP REICESOTRTT 5720, TEPOBELZKLETE R TERMHIZ
i 21TV, AKfHERES XU EmmHRE kMmHRE+ 7 & b oRmHRE) 2RHLx.
ERHIBEE L EhRE L OERBERR AR LR, EHhREL, 2MERELY L
RMHRE L O TCEWEOHBEZTRT Z BB GhERok. ZOZ G, HEhE
FEOKMHBEZHBEL L TEREDDTRELZHETE HAEBEI RSN, £, BEL
A H3ERE E COMM (soil-aging period, SAP) OEHEH +H8k L OMEM b O BB IR
FTRELIRN LR, SAP ARTHLEEVIZE AMHBERETL, ZhICECTHE
HPHBELETIAEAARDONTE. 20k, EEOEAEREIZEVWTH, PBI 2R
FCHBEhORRERBEREZEBRESES 2 L CTHERERBEIC L SBEHOFLREHIE
THILARFEEEEAONE. LEXY, tEPORERENCIIEMPORERE L TR
L, Y2 PBIZRET H7-0ICiE, SHMHRE TR KMHREICER L, TOHEE
FEEAOCHCTHILERDL LEZ LN,
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(2) BRREIFRY: LS R A AW - SRR EOBEE O EEOBRE

T, HEREORRELS ATHRERREOBEICRITTREBICOVWTHELL. 7
WRREBREOTEDRE KHBE) OBERELEATIED, 27BOBESIUSHE
DARAAFEOTBEEAVTERNERERBEZER L. AHHBEL L USMHBED
DTs Z:Rt, WEZHELE/ER, 2E0ICSHHBE XY LAmBBEORE ®<
DTsoid/hSVMEZR L. F/z, AMHBERED DT i, THEOFHREFSRICEKFLTE
B, AERESENE BEOTEHEREER S HIFENSWEBICH T L
L, SHHBED DT 2\ TR ZOBAAR N -T-. —F, 2 & ki
BEOZES KMHBEOLEN LT P itk THHEN - BERE) £+ HE~REL
TeBIERE L R LTEHLULERNT O LERERER Kip) OBRREEEILZLZ
A, Kaapp 12728 B HOFEHFBIZHA] L CEMBAIZHIN L. Kig OHMEEL, FH#RE
EENEVEAR 7 L THE R SEMBED oo, KR E OB IC L ERE O
RFELAFEL TS Z LR ENT. £, K, PHINEEZBEOCNEBIZHITS
Kaapp [Kaapp(f0)] EBWVIEDHEZ R LY, Kigpo)ZHE1E L LT Ko OREFRFE(LZ
ETHZLEDBAREL koo BB, 2MHBEORBEMSRE Kip THETDSZ LICLY,
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EhTW5. E-T, THEOFERESEL L UBED log P, B LRHE, Zhb®
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BELTHZLTKOTH, BOTIRAKMHBEOTFRHEZT) Z LHABEREIFETHD.
ThEBRIETLHED, TEOBEBIUVSEOBRALTEZHAVWTOECDEIZLY KB X
UK ZHELE. ZORR, L OEL XTI TEI Y L RE], K & logP,, D
REERTSL, BAROHMOEELRTBTHLRA Y LICBWTITAEMEBEREHRS R
bhviehodfz, o T, BARLTHEIISOWTIHEED log P ICESWT K ETFRIT AL
RS EZ R, —F, K OEBICOWT HEFEY O REMEROB A LV BBIT 2T
ofe b 25, K lIRFMBEOP THEMOESH AR LR ED - EFIRRELFERED
MBE TR L. £, HFERREOBEHFHICHVERZ LIZonT, KOEEZ EBIED
SFBEOBROCENTT 5L, LIIFFREFLLVERYDE, FEFEEOFEFRILE
¥, FRBEEFET55FREEPOIETEVERIIZHY, ZoBEMIZBEOEERSS
Z774 b of-BERSE (black carbon, BO) |[Z#T HMEREERETH-=. 20O
, BAORKRZ L@HBIZH W TIIEFERRE, FICBCHREOLBEEOCOEHIFE

LTWaAZ BRI hi.

PEnzZ b, HETOBRERELEEL LTRIEDICET2REREL TRT 5
DIZIE, fEHSRIATREZKHBEORBELHET S LPEETHDHZ L, EHITK
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ETEXLHZERENE. BEOBERFRIZIZ, Zho2@o7r—40HahbZ E
b, BEBRROT—ZHLAKMHBELHEL, TOHEEBEICESHTERIEDIZEITS
BIEBELZTHTAHZLRAEE 2o, ZhoOEIR, BERGICBITARIEDBRE
DOEEBMGEMIKE{BEMTs2b0:MFEENS. LrL, BALTE, FBFA7 LI
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TTFRTHZLIIEETHS. L L, AFEERIT, BE7 10 LOESIZBCHEE
RRBEREL TSI EEZRHRLTVS. 51 BC £ fili{EIZHEE - EET 2 FEIHEL
Shiif, BCERIZESWT K, SLICHEFYRERELZRER TAIL, #5172 PBI
DEREIZL > TEERBICBIT HRIEVREZRRICPHILT H Z LRI DEEZD
hs.
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SUMMARY

In Japan, some agricultural chemicals were recently detected in crops that exceeded the uniform
residue limit of 0.01 ppm set by the Japanese Positive List System. One reason for this 1s that
succeeding crops take up pesticides residues from the soil, which 1s applied to previous crops. In
order to prevent the production and distribution of pesticide-contaminated crops, we attempted to
develop an estimation method that can predict the pesticide concentrations in succeeding crops
using the residue levels in soils.

(1) Evaluation of phytoavailability of pesticides in Japanese soils using a sequential extraction
method

The relationship between pesticide concentrations in Komatsuna (Brassica rapa var. perviridis)
shoots and the residue concentrations in soils was investigated for 8 pesticides and 1n 4 soils.
Pesticide concentrations in Komatsuna shoots of two andosols, which had relatively high orgamic
carbon (OC) content and high sorptivity of pesticides, tended to be lower than those of
non-andosoils. The linear regression analysis between pesticide concentrations in Komatsuna shoots
and the extractable concentrations in soils by a sequential soil-extraction method was conducted,
and the concentrations of 5 out of 8pesticides in Komatsuna shoots showed higher positive
correlation with water-extractable than with total-extractable concentrations (water extracts and
acetone extracts) in soils. We also examined the effects of the soil-aging period (SAP) between
pesticide applications and sowing on pesticide concentrations in Komatsuna shoots and soils.
Pesticide concentrations in Komatsuna shoots and soil-water extracts decreased with increasing
SAP. These results imply that estimating the pesticide concentrations m crops based on
water-extractable concentrations in soil and setting the plant-back mterval (PBI) i.e., plant
restriction mterval, prevent contamination of crops by pesticide residues in soil. Therefore, the
estimation method that can predict the dissipation of the water-extractable pesticides i so1l 1s
required to set the appropnate PBL

(2) Effect of time-dependent sorption on the dissipation of phytoavailable pesticides m soils

To elucidate the dissipation behavior of the water-extractable pesticides m soil, the laboratory
experiments using five Japanese soils with different OC contents and 27 pesticides with different
physicochemical properties were conducted. The DTsg values, which are the times taken for a 50%
decrease from the imitial concentration, of total extracts (water extracts and acetone exfracts) were
greater than those of water extracts. Unlike the dissipation behavior of total extracts, the dissipation
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of water-extractable pesticides in two andisols having high OC content was faster than that of other
soils. On the other hand, the apparent sorption coefficients (K} .pp) values (diffrentail of aceton
extracts and water exracts) of many pesticides increased with an increase in mcubation time and
were proportional to the square root of time. The increased rate of K ., with time tended to
mcrease with increasing OC content of soils. Hence, the DTy values of water extracts were
considered to vary depending on the increased rate of Kj .p- In addition, the increased rates of Kj .
were positively and sigmificantly correlated with K ., values of a 0 day incubation [Kj .pp(fa)]. This
empirical relationship suggests that Ky .p5(fo) values can predict the time-dependent increase mn K .pp.
The prediction of dissipation of water extracts was performed by compensating for the dissipation
of total extracts using the time-dependent K .,,. The predicted values of water extracts showed
good agreement with the measured values in the field study. These results imply that the dissipation
of water exfracts can be estimated using the dissipation of total extracts, i.e., pesticides extracted
with organic solvents, and the time-dependent K} ., calculated on the basis of Kj .p(f0).

(3) Investigation of prediction method for the soil sorption of pesticides besed on physisco
chemical characteristics of soils and pesticides

When Kj .pp(fo) was compared to the sorption coefficients (K;) measured by OECD test puudeline,
these values were approximately equal to each other. Many sorption studies using foreign soils
suggest that K; of nomionic pesticides 1s strongly influenced by OC content in soil and the octanol-
water partition coefficients (log P.y). The OC-normalized sorption coefficient (K,..), which was
determined by dividing the Kj values by OC content mn soil, can be predicted using log P, Hence,
the K values, which plays an important role in the prediction of dissipation of water extracts, may
be estimated using OC content and log P_.. In order to verify this approach, the K; values of 17
pesticides 1n 8 typical Japanese soils were measured according to OECD method. Variability, i.e.,
coefficients of vanation, of K. in Japanese soils was higher than that of foreign soils, and the
correlation between log K. of andosol, which was the typical upland soi1l in Japan, and the
corresponding correlation with log P, was aslo poor. Therefore, the estimation of K3 using OC
content and log P, could not be applied to Japanese soils. On the other hand, solid-state *C
nuclear magnetic resonance was performed to elucidate the effect of OC quality on K, vanability.
The log K. values for almost all pesticides were positively correlated with proportions of aromatic
carbon, which was the carbon type exlubiting the greatest vanability among test soils. In addition,
the sorption pattern of pesticides to andosol contaimming abundant aromatic carbon was influenced by
the differences in the molecular structures of pesticides, similar fo that to black carbon (BC) such as
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activated carbon and graphite. The results indicate the aromatic carbon mn soils, particularly BC, 1s
an important factor influencing the sorption of pesticides to Japanese soils.

When newly developed pesticides are registered in Japan, the soil dissipation studies for
pesticides extracted with organic solvents and the soil sorption studies according to OECD method
are requured. The present study suggests that these registration data, i.e., DT5; of organic solvent
extractable pesticides and K, can be available for estimating the residual concentrations of
water-extractable pesticides in soils and the uptake concentrations in succeeding crops. These
findings would be helpful for quantitative evaluation of pesticide resideue in succeeding crops for
pesticide registration. However, the K; of many pesticides exhibited high vanability among Jpanese
soils. In order to accurately estimate the actual field vaues for the residual concentrations in
succeeding crops, Kj 1s needed to be measured using the field soil or estimated on the basis of soil
properties. The present study implys that the sorption of pesticides on soils can also be predicted 1f
1t 15 possible to quantify BC in soils and assess the sorption of 1solated BC. Unfortunately, no
methods for quantifying BC 1n soils have been established. Therefore, further studies are required to
1solate and precisely quantify BC in soil contributing to the sorption behavior of pesticides.
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Applicability of a sequential extraction method for pesticides in soils and the

dissipation of water- and total-extractable pesticides.
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Water extracts Total extracts
SFO° DFOP® SFO° DFOP®

MB° DTy, Emr DTs;, Emr DTs;7 Ermr DTsy  Emr

Soil ~ Compound (o) (day) (%) (day) () (day) (%) (day) (%)
LS1  dinotefuran 1188 =120 73 =120 79 =120 53 =120 57
imidacloprid 911 =120 58 =120 5.6 =120 55 =120 55
dimethoate 102.3 27 128 27 153 26 125 26 149
clothianidin 908 =120 70 =120 6.7 =120 55 =120 54
thiacloprid 97.0 18 162 18 230 18 184 18 232
fosthiazate 90.1 17 160 16 184 16 164 15 190
metalaxyl 880 =120 53 =120 5.0 =120 47 =120 55
ethiprole 82.6 50 314 50 373 48 253 47 301
azoxystrobin 842 =120 72 =120 75 =120 59 =120 68
methidathion 958 10 277 8§ 378 12 220 12 288
fenobucarb 1032 115 6.6 116 7.1 120 50 =120 53
boscalid 1016 =120 56 =120 6.6 =120 46 =120 55
flutolanil 1075 =120 41 =120 49 =120 34 =120 41
procymidone 345 ND' ND ND' ND' ND' ND/ ND' ND
fenitrothion 02.1 15 110 15 138 16 121 16 144
kresoxim-methyl 80.6 14 37 13 3.7 16 33 15 31
tetraconazole 1043 =120 87 =120 73 =120 59 =120 5.1
chloroneb 97.2 22 80 18 74 26 72 23 6.0
diazinon 95.7 54 02 40 6.9 58 72 46 49
propiconazole 92.7 97 102 00 0.1 110 84 =120 78
fipronil 1006 =120 92 =120 9.7 =120 74 =120 77
cadusafos 1005 =120 24 =120 2.9 =120 23 =120 27
diclocymet 905 =120 102 =120 101 =120 78 =120 80
trifloxystrobin 1037 117 40 =120 45 94 32 02 31
tolclofos-methyl 913 30 6.1 30 73 4 44 44 52
tetradifon 917 =120 161 =120 192 =120 59 =120 71
fenthion 08.1 20 6.6 20 7.9 23 77 23 02
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Water extracts Total extracts
SFO* DFOP’ SFO° DFOP’
MB° DTsy  Eor DTs;; Emo DTs;; Em DTs;  Emr
Soil  Compound (%) (day) (%) (day) (%) (day) (%) (day) (%)
Ls2 dinotefiran 126.0 95 89 93 8.6 109 82 120 0.0
intidacloprid 949 88 74 80 30 =120 37 =120 32
dimethoate 112.0 21 10.0 21 11.9 23 102 23 12.1
clothianidin 1024 92 88 88 6.4 =120 57 =120 59
thiacloprid 106.4 19 6.9 19 8.6 30 104 30 124
fosthiazate 97.1 51 36 51 43 59 33 59 39
metalaxyl 938 =120 35 =120 38 =120 14 =120 16
ethiprole 86.5 107 280 70 299 =120 195 =120 220
azoxystrobin 1023 50 133 31 52 =120 59 =120 43
methidathion 90.8 11 250 700217 20 115 20 13.7
fenobucarb 111.7 =120 77 115 83 =120 52 =120 6.2
boscalid 102.0 107 8.6 84 1.7 =120 48 =120 57
flutolanil 1013 =120 57 119 4.1 =120 29 =120 34
procymidone 101.0 =120 6.2 =120 62 =120 34 =120 41
fenitrothion 1004 7 51 6 24 13 4.0 13 41
kresoxim-methyl 74.6 4 11.6 3 14 8 149 5 31
tetraconazole 97.6 112 6.8 o7 1.6 =120 19 =120 12
chloroneb 978 62 10.7 50 88 107 31 107 36
diazinon 85.7 19 52 18 22 29 21 28 14
propiconazole 107.1 83 115 57 27 =120 41 =120 31
fipronil 103.0 100 37 04 1.8 =120 23 =120 2.7
cadusafos 1046 =120 6.1 =120 6.0 =120 40 =120 48
diclocymet 1011 =120 55 =120 24 =120 17 =120 12
trifloxystrobin 93.0 24 12.7 16 56 57 45 51 4.5
tolclofos-methyl 87.6 25 55 25 6.9 42 41 42 49
tetradifon 97.0 99 75 81 6.1 =120 34 =120 28
fenthion 914 6 57 5 0.2 12 73 10 22
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Water extracts Total extracts
SFO° DFOP® SFO° DFOP®

MB° DTy, Emr DTs;, Emr DTs;7 Ermr DTsy  Emr

Soil ~ Compound (o) (day) (%) (day) () (day) (%) (day) (%)
1S3  dinotefuran 1236 =120 90 =120 74 =120 85 =120 79
imidacloprid 02.4 61 127 31 6.1 =120 52 =120 5.1
dimethoate 114.4 12 05 12 120 14 114 14 136
clothianidin 100.2 67 150 32 104 =120 6.0 =120 56
thiacloprid 92.0 0 0.1 9 120 17 121 17 144
fosthiazate 97.6 2 117 22 139 30 119 20 140
metalaxyl 926 103 80 108 8.2 =120 44 =120 42
ethiprole 86.3 20 110 17 8.1 45 81 36 73
azoxystrobin 86.7 13 261 4 2.4 =120 44 =120 41
methidathion 84.1 6 0.0 6 128 13 49 12 51
fenobucarb 114.6 73 135 73 160 108 100 108 119
boscalid 96.1 19 224 5 7.4 =120 28 =120 33
flutolanil 104.4 62 116 45 78 =120 25 =120 30
procymidone 100.6 54 125 36 6.9 =120 28 =120 3.1
fenitrothion 95.0 2 171 1 0.9 18 77 16 73
kresoxim-methyl 645 ND' NDf ND' ND' ND' ND/ ND' ND
tetraconazole 084 71 180 23 3.5 =120 36 =120 1.5
chloroneb 03.4 50 164 28 7.0 =120 23 =120 27
diazinon 82.6 16 111 11 1.7 30 43 26 25
propiconazole 990.1 30 260 4 2.6 =120 41 =120 19
fipronil 903 =120 84 =120 1.6 =120 31 =120 21
cadusafos 1101 =120 75 117 7.3 =120 44 =120 52
diclocymet 980 111 105 03 2.6 =120 29 =120 1.1
trifloxystrobin 958 10 124 6 2.1 27 52 24 32
tolclofos-methyl 83.5 10 144 5 2.1 32 32 30 31
tetradifon 93.6 51 153 16 2.0 =120 37 =120 20
fenthion 92.2 6 128 4 2.6 24 46 22 31
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Water extracts Total extracts
SFO* DFOP’ SFO° DFOP’
MB° DTsy  Eor DTs;; Emo DTs;; Em DTs;  Emr
Soil  Compound (%) (day) (%) (day) (%) (day) (%) (day) (%)
L54 dinotefiran 0988 =120 131 =120 01 =120 37 =120 29
intidacloprid 86.5 40 19.1 12 78 =120 7.0 =120 6.2
dimethoate 80.0 20 10.1 16 6.3 56 6.3 54 7.5
clothianidin 954 51 212 9 00 =120 6.6 =120 45
thiacloprid 85.7 17 19.5 8 84 =120 86 =120 6.4
fosthiazate 882 12 13.0 8 7.0 42 7.6 33 49
metalaxyl 84.6 42 19.7 13 10,7 =120 115 =120 035
ethiprole 921 14 139 12 11.9 117 113 =120 01
azoxystrobin 8l1.6 3 262 2 51 =120 141 =120 168
methidathion 788 6 151 3 24 43 102 31 8.7
fenobucarb 1121 53 235 5 58 =120 35 =120 33
boscalid 100.5 4 200 2 45 =120 44 =120 52
flutolanil 1022 8 325 2 4.4 =120 35 =120 41
procymidone 997 22 319 2 55 =120 32 =120 38
fenitrothion 109.0 3 188 2 NCE 37 6.6 31 49
kresoxim-methyl 88.0 3 258 2 4.6 42 106 30 23
tetraconazole 998 8 205 2 39 =120 47 =120 33
chloroneb 951 50 237 5 74 =120 25 =120 30
diazinon 893 5 203 3 21 34 7.1 27 28
propiconazole 102.8 4 313 2 4.6 =120 73 =120 84
fipronil 101.6 67 175 27 6.0 =120 52 =120 59
cadusafos 109.5 42 18.6 12 42 =120 32 =120 3o
diclocymet 994 24 240 4 43 =120 42 =120 3o
trifloxystrobin 933 7 134 4 25 55 35 52 23
tolclofos-methyl 895 6 199 2 1.7 63 6.3 52 21
tetradifon 915 13 16.9 4 79 =120 84 =120 101
fenthion 955 5 19.8 2 27 43 42 43 5.0
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Water extracts Total extracts

SFO° DFOP® SFO° DFOP®
MB° DTs;7 Err DTs;; Emr DTs;7 Err DTsy  Emr
Soil ~ Compound (%) (day) (%) (day) (%) (day) (%) (day) (%)
LS5  dinotefuran 978 76 197 18 73 =120 41 =120 41
imidacloprid 86.6 11 211 5 105 86 72 78 6.9
dimethoate 80.7 5 32 5 41 g8 52 8 6.2
clothianidin 044 11 263 3 7.5 91 82 88 92
thiacloprid 85.2 4 105 3 NCE 26 52 25 50
fosthiazate 90.9 8 74 8 6.4 24 59 20 38
metalaxyl 90.6 45 141 22 6.8 111 63 =120 54
ethiprole 93.0 8 194 6 182 26 124 16 58
azoxystrobin 06.0 4 256 2 3.5 50 03 42 7.5
methidathion 686 ND' ND ND' ND ND" ND ND ND
fenobucarb 112.8 o 110 7 NCE 21 104 21 124
boscalid 008 15 315 2 53 =120 49 =120 52
flutolanil 102.3 19 243 3 5.3 101 36 102 36
procymidone 97.7 45 237 6 8.0 =120 25 =120 1.5
fenitrothion 617 ND' NDY ND' ND' ND' ND/ ND' ND
kresoxim-methyl 117 ND NDf ND' ND' ND' ND/ ND' ND
tetraconazole 100.7 32 185 10 5.1 =120 53 =120 39
chloroneb 89.7 0 230 3 6.7 67 56 67 6.6
diazinon 523 ND' ND ND' ND' ND' ND/ ND' ND
propiconazole 105.8 15 208 5 8.8 76 58 64 41
fipronil 109.5 36 116 25 5.7 65 49 57 41
cadusafos 104.3 41 131 26 5.2 103 39 103 47
diclocymet 105.9 60 136 37 55 =120 45 =120 39
trifloxystrobin 515 ND' ND/ ND' ND ND" ND ND ND
tolclofos-methyl 903 5 48 4 NCE 10 48 0 0.9
tetradifon 97.5 21 36 18 3.7 64 62 51 37
fenthion 944 NCE NC® NCE  NCE 4 195 3 23

Smgle first-order model. Duplicate samples were averaged prior fo curve fitting.

® Double first-order in parallel model. Duplicate samples were averaged prior to curve fitting.

€ Mass balance of the sample at 0-day incubation. Mean values of duplicate samples. When the MB was less than
?{l% the sequential extraction method was judged mapplicable.

9 Time taken for 50% disappearance of the initial concentration.
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® Model error (Err, %) was calculated as follows:'

Err= 100- ' ! c_or

&l 7

where C is the calculated value, O 1s the observed value, and O is the mean of all observed values. yZ . is the
tabulated chi-square value where m 1s the degrees of freedom, i e, number of measurements (after averaging of
duplicates) nmnus number of model parameters, and o 1s probability (5%).

"No data (the sequential extraction method was judged inapplicable).

£Not calculated (the dissipation is too fast).

Reference

(1) FOCUS (The forum for co-ordination of pesticide fate models and their use) (2006) Gudance Document on
Estimating Persistence and Degradation Kinetics from Environmental Fate Studies on Pesticides in EU
Registration. European Union.
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Linear regression analysis® between the apparent sorption coefficient (Kj.app) and the

square root of time.
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K g agplt0)’ Kyp=a+b"

Soil Compound (mL/g) N R P a )
LS1 dinotefuran <0.1 14 0015 0682 ND* ND*
imidacloprid <0.1 12 0360 0039 0.02 0.04
dimethoate <0.1 1 NC NC N N’
clothianidin <0.1 13 0371 0027 0.03 0.04
thiacloprid 05 10 0657 0004 037 0.14
fosthiazate 02 14 0055 0421 ND* ND*
metalaxyl 03 13 0417 0017 0.30 0.08
ethiprole 03 14 0002 0876 ND* ND*
azoxystrobin 22 14 0704 <0001 2.59 021
methidathion 03 9 0141 0319 ND* ND*
fenobucarb 0.1 13 0265 0072 ND* ND*
boscalid 02 12 0818 <0001 0.21 0.12
flutolanil 03 13 0676  0.001 0.28 0.03
procymidone ND* ND* ND* ND* ND* ND*
fenitrothion 08 11 0584 0006 0.66 023
kresoxim-methyl 05 13 0737 <0001 0.33 0.18
tetraconazole 0.6 13 0692 <0001 0.75 0.03
chloroneb 05 14 0916 <0001 0.28 021
diazinon 05 13 0332 0039 0.56 0.02
propiconazole 08 13 0521 0005 0.94 0.03
fipronil 04 13 0801 <0001 0.31 0.09
cadusafos 08 13 0054 0444 ND* ND*
diclocymet 02 13 03888 <0001 0.24 0.03
trifloxystrobin 62 13 0730 <0001 6.54 -0.18
tolclofos-methyl 2.0 12 0705 0001 2.10 0.13
tetradifon 72 13 0017 0675 ND* ND*
fenthion 14 13 0638 0001 -155 1.54
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K10 Kyp=a+b"
Soil Compound (mL/g) N R P a b
LS2  dinotefuran <0.1 13 0399  0.021 0.10 0.03
imidacloprid 12 13 0922 =<0.001 0.90 037
dimethoate 0.1 12 0525  0.008 —0.47 0.35
clothianidin 0.7 13 0882 <0.001 0.48 0.24
thiacloprid 33 11 0884 <0.001 1.92 1.16
fosthiazate 0.6 14 0869 <0.001 0.48 0.13
metalaxyl 0.5 14 0870 <0.001 0.34 0.13
ethiprole 1.5 14 0064 0381 ND* ND*
azoxystrobin 9.1 12 0769 <0.001 9.05 1.72
methidathion 33 11 0601  0.005 —2.14 444
fenobucarb 0.6 13 0712 <0.001 0.84 0.15
boscalid 139 13 0828 <0.001 1520 123
flutolanil 5.9 13 0866 <0.001 6.14 0.65
procymidone 48 14 0821 <0.001 5.00 0.48
fenitrothion 159 9 0836 0001 11.11 829
kresoxim-methyl 74 13 0933 <0.001 —0.20 6.58
tetraconazole 137 13 0923 <0.001 14.50 1.15
chloroneb 7.0 13 0779 <0.001 7.64 0.70
diazinon 5.4 13 0800 <0.001 3.38 1.60
propiconazole 15.1 12 0562  0.005 18.44 1.04
fipronil 7.9 12 0644  0.002 8.55 031
cadusafos 41 14 0394 0016 476 0.17
diclocymet 53 13 0940 <0.001 5.60 0.43
trifloxystrobin 39.0 13 0956 <0.001 32.78 832
tolclofos-methyl 490 11 0754  0.001 4348 743
tetradifon 190.9 13 0758 <0001  190.14 13.90
fenthion 393 9 0870 <0.001 26.66 17.68
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K g agplt0)’ Kyp=a+b"

Soil Compound (mL/g) N K P a b
IS3 dinotefuran 0.4 12 0522 0.008 035 0.07
imidacloprid 5.1 13 0860 <0.001 426 1.04
dimethoate 0.4 10 0620 0007  —0.32 0.59
clothianidin 3.1 13 0824 <0.001 243 0.70
thiacloprid 8.6 0 0546 0023  —6.17 12.98
fosthiazate 0.9 14 0903 =0.001 0.18 0.58
metalaxyl 1.1 13 0744 <0.001 0.85 0.20
ethiprole 15 12 0910 =0.001 0.81 0.76
azoxystrobin 143 13 0928 <0.001 19.01 5.66
methidathion 74 9 0672 0007  -353 10.96
fenobucarb 0.7 12 0519  0.008 112 025
boscalid 16.7 13 0975 =0.001 13.81 9.05
flutolanil 6.1 14 0866 <0.001 6.50 131
procymidone 5.5 14 0860 <0.001 6.07 1.17
fenitrothion 33.7 o 0880 <0.001 20.70 4939
kresoxim-methyl ~ ND°  ND° ND°  ND" ND* ND*
tetraconazole 20.8 13 0801 <0.001 2846 257
chloroneb 172 13 0639 0.001 2157 249
diazinon 6.3 12 0954 =0.001 6.49 148
propiconazole 218 14 0788 <0.001 33.14 414
fipronil 6.3 13 0002 0314 ND* ND*
cadusafos 47 14 0626 0.001 5.51 0.41
diclocymet 46 14 0900 <0.001 5.80 0.60
trifloxystrobin 34.9 10 0930 =0.001 30.97 10.97
tolclofos-methyl 57.7 10 0992 <0.001 50.05 18.76
tetradifon 162.1 12 0950 <0001  174.74 25.98
fenthion 57.4 11 0794 <0.001 745 50.89
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K g agplt0)’ Kyp=a+b"

Soil Compound (mL/g) N B P a b
IS4 dinotefuran 3.7 14 0321 0035 176 033
imidacloprid 73.9 14 0680 <0.001 79.42 14.93
dimethoate 42 14 0581  0.002 5.14 131
clothianidin 486 14 0616  0.001 55.35 6.80
thiacloprid 1709 13 0810 <0001  158.64 55.05
fosthiazate 49 12 0985 <0.001 401 295
metalaxyl 46 12 0761 <0.001 5.38 1.90
ethiprole 8.0 13 0749 <0.001 405 5.00
azoxystrobin 515 13 0952 <0.001 63.04 52.15
methidathion 78.7 9 0657  0.008 35.75 65.51
fenobucarb 5.4 14 0794 <0.001 8.85 141
boscalid 1225 13 0919 <0.001 4037 13412
flutolanil 26.8 13 0972 <0.001 37.22 13.73
procymidone 30.3 14 0854 <0.001 46.50 9.00
fenitrothion 308.1 5 0988 0001 23894 27312
kresoxim-methyl 215 12 0975 <0.001 8.65 24 51
tetraconazole 63.4 13 0975 <0.001 75.73 27.78
chloroneb 1882 13 0890 <0001 23105 31.03
diazinon 20.2 13 0966 <0.001 8.27 17.75
propiconazole 78.2 14 0954 <0001  111.67 4030
fipronil 15.6 13 0791 <0.001 2143 1.58
cadusafos 17.0 13 0982 <0.001 18.39 5.53
diclocymet 169 13 0944 <0.001 20.90 5.13
trifloxystrobin 57.5 11 0968 <0.001 33.79 39.22
tolclofos-methyl 289.1 8 0058 <0001 20933 13419
tetradifon 542.9 8 0738 0006 57069  160.95
fenthion 348.1 10 0990 <0001 29056  260.71

104



K10 Kyp=a+b"
Soil Compound (mL/g) N° R P a b
LS5 dinotefuran 25 14 0205 0045 5.00 045
imidacloprid 342 14 0704 <0001 4802 10.12
dimethoate 28 12 0461 0015 1.84 4.50
clothianidin 25.0 14 0520 0003 30.82 5.04
thiacloprid 68.1 7 0048 <0.001 50.01 4554
fosthiazate 1.6 13 0880 <0001 0.95 2.66
metalaxyl 12 14 0763 <0001 1.72 0.67
ethiprole 28 13 0687 <0001 4.14 127
azoxystrobin 163 14 0911 <0001 2325 042
methidathion ND* ND* ND* ND* ND* ND*
fenobucarb 20 6 0084 <0.001 226 228
boscalid 238 13 0699 <0001 15.52 15.35
flutolanil 14.0 12 0920 <0001 12.82 6.55
procymidone 16.6 14 0563 0002 2205 2.74
fenitrothion ND* ND* ND* ND* ND* ND*
tetraconazole 33.0 14 0954 <0001 34.03 6.74
chloroneb 803 11 0737 0001 113.19 2012
diazinon ND* ND* ND* ND* ND* ND*
propiconazole 315 14 0930 <0001 25.10 12.87
fipronil 17.1 14 0880 <0001 1830 186
cadusafos 00 13 0957 <0001 1041 237
diclocymet 12.1 14 0915 <0001 13.70 143
trifloxystrobin ND* ND* ND* ND* ND* ND*
tolclofos-methyl 162.6 7 0852 0003 14528 53.66
tetradifon 4302 10 0760 0001 40481 55.07
fenthion 2088 2 NG NG N’ N’

? Linear regression analysis and outhier detection were performed using SPSS Statistics 19 (IBM Corporation,
Armmonk. USA). The possible outliers were excluded when the standardized DFFIT values exceeded 1." Duplicate

samples were used individually i the analysis.
» Apparent sorption coefficients at 0-day incubation. Mean values of duplicate samples.
¢ Number of measurements after outlier test.

9 Probability.

“ No data (the sequential extraction method was judged inapplicable or the probability was greater than 5%).

"Not calculated (the number of measurements is too small).
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