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Predicting the behavior of paddy pesticides in a river basin using a simulation model
(PADDY-Large): Application to a tributary of the Chikuma River under rice cultivation
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T

Eleven paddy pesticides and 3 of their metabolites were monitored in Hiroi stream (a tributary of the Chikuma
River in Japan) during rice cultivation season for 5 years (2001-2005). An improved simulation model for pre-
dicting pesticide behavior in drainage canals and rivers based on PADDY-Large was developed to include the
metabolic pathways and drift process following aerial and unmanned helicopter spraying and applied to herbicides
as well as nursery-box- and foliage-applied fungicides and insecticides. The nursery-box-applied insecticide carbo-
sulfan was rarely detected in stream water during the monitoring period, whereas a clear peak for its metabolite
(carbofuran) was observed. Detection of herbicides other than cyhalofop-buthyl was dependent on the timing of
herbicide application. The fungicide tricyclazole, the insecticide trichlorfon, and the trichlorfon metabolite
(dichlorvos) were detected at a few dozen gL ™' immediately after aerial spraying and the concentrations de-
creased rapidly. In contrast, these peak concentrations sprayed by unmanned helicopter were one-tenth to one-half
of those by aerial application. The improved PADDY-Large model successfully simulated changes in concentrations
of paddy pesticides and 3 of their metabolites in stream water during the rice cultivation season, although there
were some discrepancies between simulated and measured concentrations. © Pesticide Science Society of Japan®

Keywords: environmental fate, mathematical model, paddy pesticide, metabolite, river basin, runoff and drift.
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EREILmosulTE 2N S EHI CRdsER) &%
BEL, 2001~2005 B ICREOE=_ YU L7 EEML I
(Fig. . JEFINNEH 2200ha OFIKEFEE RS, JINIZH -
THI 700 ha DKEMBAHLTE Y, 5 AENrS 10 A LA
TR 6 Bl KB TRRERE SIThh Tz, TR
FHUR DK EHKE KT 2 EEHKEE & UCHEL TF
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Fig. 1. Map of studied watershed and monitoring stations.
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EATABFBIIANT 5 —F vy 7 ZITBREL, BEos
Fricft L7z, i, SPBEHSICBOTEKEORE, K
EEWELL. 48, HEHWOBRSATHNS 8 A LA
ik, BRI L BB BIT - .

13, XIREE

FEMIE THEA S W 2KBRBIEIC VLT, HonBEM
ot EBTRE (HE) Hiicry 7y — MRE (HE
H11~24%) =FEM UFHAEEAEE LU Bigdg s
FHBTEIMEBRBICEANYBRTER SN R
WERC)., Tor— MABBREM SIS E UL
Table 1 IZ7R9. Zhoid, FHABBEIAVEORER7HE
(77 70—, h7zvAba—i, ¥naky T7TFI,
FUVFZra—Ji, ESVANTO LTI, YAFY Y

Table 1.

Ty u—iv), BERGAKE U TH 4 BomMeg ot
ENAERBEANERNT 7, A FIWROHOKR
HENF 72 rF4y, BLOHBMTC SR 8 #l
VY EoKREICEHEZNBERFANY 7 ok, BEHF b
Yoo —VThbB, B8, A7 ba—i, A
RANT s BN 70k D20 TE, FREFNh
OEERRBIEY (B 722 ha—VBiANSEL 0
B, ANETS® Uy alEZRD) Lo T A
Uiz (Table 1). AR, YV/unly L itk 35EE
TedRY v —%RI A5 LK BEMMMYE, Y A5V
L BAFEO%, FR7uv v/ 7 EREs o< by
FIXOEREIT >0, FHC TR ESHE S A
f:(‘\m).

Pesticides for analysis on the monitoring survey

Limit of

o ) Application Timing of . Year of
Pesticide Chemical name quantification
method application _ analysis
(ugl™
Insecticide
Carbofuran? 2,3-dihydro-2,2-dimethylbenzofuran-7-yl- — . 0.05  2001-2005
methylcarbamate
Carbosulfan 2,3-dihydro-2,2-dimethylbenzofuran-7-yl- Nursery box app. Mid to late May 0.05 20012005
(dibutylaminothio)-methylcarbamate
Dichlorvos” 2,2-dichlorovinyl dimethyl phosphate — — 0.05 2001-2005
Pyridaphenthion  O-(1,6-dihydro-6-oxo-1-phenylpyridazin-3-yl) Aerial app. Early July 0.1 2001
0,0-diethyl phosphorothioate
Trichlorfon dimethyl 2,2,2-trichloro-1-hydroxyethyl Aerial or unmanned Early August 0.05 2001-2005
phosphonate helicopter app.
Fungicide
Tricyclazole 5-methyl-1,2,4-triazolo[3,4-b][ 1,3]benzothiazole Aerial or unmanned Early August 0.05 2001-2005
helicopter app.
Herbicide
Butachlor N-butoxymethyl-2-chloro-2’,6-diethylacetanilide Early to late May 0.05 2005
Cafenstrole N,N-diethyl-3-mesitylsulfonyl-1H-1,2 4-triazole- Submerged app.  Late May to mid June  0.05 2001-2005
1-carboxamide
Cafenstrole- 3-(2,4,6-trimethylphenylsulfonyl)-1,2,4-triazole — — 0.05 2001,
descarbamoyl® 2003-2005
Cyhalofop-buthyl butyl (R)-2-[4-(4-cyano-2-fluorophenoxy)phenoxy]  Submerged app.  Late May to late June  0.05 2005
propionate
Pretilachlor 2-chloro-2',6’-diethyl-N-(2-propoxyethyl)acetanilide Submerged app.  Mid May to early June  0.05 2005
Pyrazosulfuron-  ethyl 5-(4,6-dimethoxypyrimidin-2-ylcarbamoyl- Submerged app.  Mid May to mid June 0.2 2004, 2005
ethyl sulfamoyl)-1-mehtylpyrazole-4-carboxylate
Simetryn 4,6-bis(ethylamino)-2-methylthio-1,3,5-triazine Submerged app.  Late May to mid June  0.05 2001-2005
Thenylchlor 2-chloro-N-(3-methoxy-2-thenyl)-2',6'- Submerged app. Early tomid May - 0.05 2001-2005

dimethylacetanilide

“) Metabolite of carbosulfan. ¥ Metabolite of trichlorfon. 9 Metabolite of cafenstrole.
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JLHNC B WY 2 BEORE A HEE T 5 fow, FAHEE K
H—2ETH 25X (feld plot), 20 ZEREOFK &K
BTHER AN S ERK (farm block), B & UEERIPEKEIC
BoTH OBXDES - 12X (branch watershed) 12
53U, EE#RD PADDY-Large &7 /W7 12 & bk EHEK, 32
MHEKES, Bk O BRERBE O EEIT /0. &
MR LB EFNVOWEASELTITRY.

2.1. BHEERFIOSEENTFA

FAHIE TR ORE R E B & U B R A
FlOBRBEIMLTBYD, HEHINEZNT 7 o 2E5EL7
oy MIFIDBZ (RSN T, AKFEHBEE3 BETh S
BHEYBICHETHRCY—IC8E L, KRB HE TS
EEBILAHOLBERBICEYDONE, TIT, Z0LD
MEHAGEE RFD oMRANICRB T 2B8EE TilT 5
72w, PTORELZBA L (Fig 2). OB 0L
D 5% (A M T BRFA-HEREICHE T L, BIERSH
Fl o HE/KICENT 5. OUEEREOD 95% CHX T 55l
DAL 2em FEEBMOMAMNIEZ) TH—S16L,
BIERG DR T I RS Uictt, EALBUKkE o BT
WEAEZE, @FEFE 2em O LHER FICWE LI-BEDS
b, HEKEOH TR TESEIIThN S 18E %
FED05em &7 5. M EOFBEBML, BHREGAR
OMEKB LU PICR 2 BEBELFRTESL L)
IZEESR O PADDY EF SO OB AT - 2. B, W&
KEBBPSDORBEORDIAHITER LM - I,

22, EERGHOEEHTH

AU T, AT O MIZERARR F F T AN Y B
EEOTEEEAR (Fa 77y 7 RAAFBLUE— L
VL) BERIhTOR, EEBHINS Zho RO
ZARBHRICAEL, z2o—-HRHTANE T T2, EIEHY
mHE (ELAL KR, BEEE) OHE~OETRE, #
B, KEORMEBECEFTREICREIRET 218D, ¥
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Fig. 2. Schematic diagram of pesticide behavior in a paddy field
according to the improved PADDY model for nursery box applica-
tion. Arrows (- indicate pesticide transport.
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T,.~BENTORBEEKBEHH, K= EREEEH (n
day™)) ThH. £, (5), 6 KRBT —i<0 DHAE,
Copp(t=D=0THB. 103, HPKEICHTEEHE~D
W 3 &RE L.
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Fig. 3. Schematic diagram of Hiroi stream according to the im-
proved PADDY-Large model. (—) stream flow; (---») drainage from
farm blocks.
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dc
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Ay ibaic,iPy d

_ Yn.P —_
= AMC,i nd,ipb<kadx,PKf,PCP,W,MC,i kdax‘, PCP,S,MC,i

- kds,FCP,S, aci) 9
R 5 1
Ay ilyc,iPy ﬂ(;&
= AyeiaeiPy Faas s Kyt Cj//l','izl),l,wc,i Tk s it Crrsnic)

MW,
FAvcDrciPs [f ka5, pCp s e MWW - kds,MCM,S,MC,iJ (10)
P

CIT, FRFi=i FHORME, j=KME i ICRAT B3R
HkEs £ S, £, Cypye=RKPOILEWRE (mg
LD, Copye= EETOMEWRE (mgkg™), Ny, =Xl i
ICRAT B3RP DR, Aye=1 R ORER (=/IF
WX KEE 1, m), hye=KE (n), dye=/EHE 0%
(m), p=FHORILE (gem™), Qu~=iE (m’day ),
k= AEIE TR (day™), k, =B3EME TR (day™),
K=EE~ORHERE (mLg™, n=3BEEERT.
7 25 (10 XETNTOREIZHA UBIERLEH
WTHES S &Itk b, RikB IUCERICE T 2 RIER
ErRpond, HERAOIVYEL—F T 0r T L,
Microsoft Excel @ Visual Basic for Application % F \» TIERK
L.

3. %R PADDY-Large EF IV IC L BEHE

HEET NI X BFIHERBRONTERMER, EF V2D
DOAREEX LT NEEIRSERZAN T — 7 OAFEHE
EwRET 5. B PADDY-Large €TV THHAT 5 AT1
F—5D5H, BEOWH AR IREE RN, +
BUEER (K,) PLgEPo Rl L EomEIc LD
KESERBBEMD D, Fi, KEIZBITBKRIEPL
BOREE, FOWKE & oREERIE, WM, 2ER
BEHHRE O, APETR, AEMBROEELEEZE LK
SIS EARET S & L, UTICBAILERER
xRT.

3.1, RIERHODR

¢ F2 PADDY-Large & FViC & 0 St2 (hiEk) chir 3
JREERE A FI T 5 72D OIS % Table 2 107”9, JKH
—ENTOKINEE, WA BT 5 PR KE R
Wi ERZERBL, UTOREEZEMA LA, OHEKE=—
& (5em), MAKE =HH/KE + BRRE + BERO
EERELT S, OREEME, WATLEDSNIM
il 3~4 B) &, &K BHIRLETDRWETS (kK

Table 2. Conditions in the watershed of the Hiroi stream for
simulation

Specific conditions Unit  Value

Total area of paddy fields under rice cultivation” ha 1258
Area of field plot? ha 0.17
Total number of field plots in the watershed 740
Number of farm blocks in the watershed 37
Number of field plots in a farm block (N,.) 20
Stream conditions

Total length from upstream to St.2 m 2000

Length of a segment (/) m 250

Number of segments 8

Width (w) m 0723

Depth of water (/1,,0)” m 0.15

Depth of sediment (d,,) m 0.01

9 Covered from upstream to St.2. * Average value.

JARD. @IS T %, HEKE—EoREHKET
w9 5. OHE/KOMRTERERIE lomday™' &35,

BB 2 BEREERERCFUT 3001, K
Mh o0 BERBEENEICHEST 2LENH S, KT
MK BKHA—%0 o O RERLROFERRIIHL, &
ANTF=F It LB HBOREXSZIBIET 2 2D ORESH
AT o IR, BRUKOREIKESE BBREOF /T
A—=FTHBIEMFRENTLEY, Lhl, FAEBKD
JRENC B 1 2 FREHKEICE T 2 B2 IE 7 — & 372 <,
ARFEBOCH AR RO HEEECROEEEEZ 58
SA—=HER-TA, ThETIKEICET 3K E
BEMICHAE LRI XA, EEPKkER 1.2~55mm
day™ THBEMESHTLED, APKETR, ZhoD
WiEE B E A, BOPkRE%Z 25 BLU S0mmday™ D2
SETEHETB I EE L,

THRYKEE M, S DA EGLILHNNT BT 2 KIRE O
W& Fig. 3R T. JRHNOHE TSGR EBIEO I
SHE U7 E A b (Table 3). $7b b, EHALE
Flb & CREAICE 5~6 Hofiz, LM #EEsh2
e, BREHICIZ S oA,

3.2. BECETIEHOR

Yialb—varORRELLBEOFERE (M8 B
SO, R0 T vy — MEREBICHEE LR
%, AEMBNCBYZEEOFERICREI VLD L
U, &EUEM241 (D, @), 3), (6) ATHLS [R
KHNTi BICBERHE SN 2K, N 25%E Lk,

KEANTOREBFIICH O 3 BEoWE 2T 2
7 — 4% 3 Table 4 IR XEEZ AW, 2055, K, 0
WA @B 2 b > BA R EEEE AV, ik, LS
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Table 3. Precipitation and flow rate of the Hiroi stream in the
watershed

Specific conditions Unit 2001 2002 2003 2004 2005
Precipitation®
May mm 52 43 38 199 37
June mm 173 44 66 69 92
July mm 59 178 96 91 184
August mm 131 76 203 44 322
Flow rate
Average from May to June
St.1 m*hr”! 368.3 273.6 309.6 501.5 489.6
St.2 m*hr™! 868.7 717.1 1027.8 997.2 673.2
Sta m*hr™! 2192 78.1 2372 496.8 190.8
Average for August
St.1 m’hr™! 3355 257.8 2304 1217 6214
St.2 m*hr™! 953.3 760.0 1240.6 630.0 1054.8
St.a m’hr! 1458 1224 2257 131.8 183.6

9 Observed by Automated Meteorological Data Acquisition
System at liyama, Nagano, Japan.

SRR OWT, DHy A TS HEShTHEY
i, AENROKETEOFEEERRE L TBE LK, &
51, Kk KU EP TORBS B OERE (f,, fi)
3, KBTBO T E RO LS IKBRE L, ANKT T
V=l VU alR R f=f=1, ATz A}
O—JVBEA NV SB A K L £, =f,=04. BE, THBLT
HRRRE R BRI BV 2 B O W M a0 R 72 K3k m M &
F#ETH s EHEL, HEICETBOMEH .

HREIUEZR

1. BET -V Y ITER

WA BT ZKMAEFO LB, Tk s A«
TRAEEND, FREEEGEERN 2%, KLE1.2gcm™,
PR 0.54 ThH -7z, FKD pH IRFHEE S 7~8 DFEH
THB U, BkEE2HKT 2 &, BREHOFERKNTH
% 5~6 13 2001 B L U2004 128 <, HBHTBAR: AT
s 8 A3 2003 B LT 2005 FEIXE D - 7o (Table 3).

Figs. 4~7 12 St.2 (FRHIR) 12813 % 2001~2005 £ DRI
BEART. st (LFE) cofBEEoRBERE LU
BWELAVE, SEEDICSL2 EFIEFRBOEmAERL

Table 4. Model input parameters for pesticides

Molecular Water Soil adsorption Halflife  Half life
Pesticide weight solubility Vapor};))ressure constant in water in soil Reference
(MW, gmol™)  (mgL™h *e) (Ko mLg™h)?  (day) (day)
Insecticide
Carbofuran 221.25 351 (25°C) 7.2X107%(25°C) 46 121 45 33), 34)
Carbosulfan 380.6 3(25°C) 3.6X107° (25°C) 23869 0.5 16.5 33)
Dichlorvos 221.0 191,000 (25°C) 2.1X10° (25°C) 50 2.1 0.5 33-3%5)
Pyridaphenthion 340.34 55.2 (20°C) 1.5X107% (25°C) 5260 7 20 33), 35), 36)
Trichlorfon 2574 120,000 (20°C) 5.0X107% (25°C) 20 1.9 3 33),37)
Fungicide
Tricyclazole 189.2 596 (20°C) 1.4X107%(25°C) 1619 315 21 34), 35)
Herbicide
Bifenox 342.1 0.35 (25°C) 3.2%107* (30°C) 11,750 stable 2 33), 38)
Butachlor 311.9 16 (20°C) 2.5X107(25°C) 2880 66.4 17.9  35),39)
Cafenstrole 350.4 2.5 (20°C) 1.0X107% (25°C) 3366 7.36 8.9 40)
Cafenstrole-descarbamoy] 251.31 102 (20°C) 1.8X107° (80°C) 162 42.39 423 40)
Cyhalofop-buthyl 3573 0.44 (20°C) 1.2X107¢ (20°C) 5962 1 0.13 35),41)
Daimuron 268.4 0.79 (20°C) 4.5X1077 (20°C) 940 2.68 77 42)
Indanofan 340.8 17.1 (25°C) 2.8%107% (25°C) 827 11.7 3 43)
Molinate 187.3 800 (20°C) 7.5X1077 (25°C) 232 stable St 34), 35), 44)
Pretilachlor 311.9 74 (25°C) 6.5X107%(25°C) 1613 14 8 45)
Pyrazosulfuron-ethyl 414.39 9.76 (20°C) 4.2X1078 (25°C) 371 5.6 15 33), 46)
Simetryn 213.3 482 (20°C) 5.0X107% (25°C) 6915 stable 53 47, 48)
Thenylchlor 323.8 14 (25°C) 2.8X107° (20°C) 1663 stable 14 33), 35),49)
Thiobencarb 257.8 16.7 (20°C) 2.4X107% (25°C) 1602 21 39 50)

@ Average value except simetryn (median value). ¥ Calculated by the Kenaga and Goring equations.’” © Assumed to be equal to half life in soil.
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Fig. 4. Measured (O) and simulated concentrations of carbosulfan and carbofuran in the stream water at St. 2. Simulation results were ob-
tained under the condition of drainage rate of paddy water=2.5mmday ' (O) and 5.0 mmday™' (B). Downward bar graphs represent the daily

applied amount of active ingredients (ai) of the pesticides.

7= 14,26)

SO EMS, WAEMBPNICE T S RBEOFERR
BICKREBBEORBEL - HbDEEZOSNE, —F, R
M@ FFIZ B O TR KB BIER I DE b - ok
¥, Sta TIIHEBEMELAEHBEShE L7, BT
IZSt2 1081 2K BEOKHRILETRT.

1.1. BHEERAH

HMZRFIER SN2 EURBARA VR 2V T » ik
2001~2004 FEIFMH I N9 (<0.05ugl™), 2005 FO B
BERE gl Thilahic Fig 4. —7F, RBom
MOANETZ S VESATA»S 6 HLAKREERE
(0.60~34ugL™) ITEL, ZO% 6 ATHEE THiEh
fo (Fig. 4). THhRAIVEZIVT 7 » QIR R A
0.5 H (pH7)™ LIEFITML, KEATEDHICANKT
T VIR LI EEL SR,

1.2. KREH
FREAHOREGBERHAEEICL > TEL - 7208, il
SNAPREFELSICRAFETH -7, Fo T n—IiF
A& ICHPRE LR Eh, s APaicRSiag
(026~5.4pugL™") WWEELHE, B#HTHED L (Fig 5.
g7, TN - VOERBENELBY LD &tk
W, E— 7 BERELRDT BEEER L. 2004 M S
FEE LCoERBEM LTy 7 o—vid s A EEh»
S6ATHICTTHRHEA, SHREIE—-7 (69ug
LD Wi shic (Fig 6). 7VvFF 70— iZfh&k
FRBHBEA I~ 2BRBICERSN, E-2Es5sHATA
(1.8ugL™) &6 H LM (42ugl™) o2 HEMEHESNL

(Fig. 6).

HAEA 1~3 BBy - PR E LTHAZIhE A 7 =
VAP —ABLUES Y ZATO Y F IV S B TEE
FomiEh, 6 ALfAIcE—2 (A7 v A bu—)b:
028~1.6ugl™, S/ ANTarTFI: 0.6~1.1ugl™
&Y, e ATaUMRKREIWE,L - (Fig. 5,6). #
T xR bu— bR R TR BRIV E A VK,
BLEWE 2 IRMBOMBIRI TS - 72 (Fig. 5). Jhix
IKEANTHT = v 2 ba—IVRA IV NE A IVRIZE LI
s L (BE/RH BRI © 736 B, -8R0
8.9 H), Hpk U7z B A VR A VRS I EE T H B
o EERE NI

WA 3 BRI IR & LTERSh3 v 4 bY &
i, 6 ALmI omESII LD, 6 AREICMBORERIC
HNTHEBE OREE : 24~17ugl™) THRIEhBZ L L
HIZ, BELFELHLT2005HEF B THE TREE (016
ugl™) T & (Fig. 5). Thid, ¥ X MY OKE
SREDE L (482mgL™Y), Kot ToOLMEEI/NE
WI & ORPTRE, THEPMEERIE 0 53 B T X
ZH0EMEREh, IRETIRREIN T 3HTERE
RIED B 7R U 7223812,

2005 AR B E Ly gk y TTFNE, e
B, BB XOBRERE U TEVCBER SN 3 RERT
H B, AERMPEPRBENEDP - (<0.05ugl™). &
hidv ok y 77 FVOPRIANIETICE L (BHkkd
SR K1 B, LB 3 EREDY, KRN THE
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Fig. 5 Measured (O) and simulated concentrations of thenylchlor, cafenstrole, cafenstrole-descarbamoyl and simetryn in the stream water at

St. 2. Simulation results were obtained under the condition of drainage rate of paddy water=2.5mmday™! ((J) and 5.0 mm day ™

Down-

ward bar graphs represent the daily applied amount of active ingredients (ai) of the pesticides.

PP LD SRS I,

1.3. A TBHERH

A F B 2001 Fo A LR (st1 AE) ©#100ha
ERBITbN, MEHRICI OBV S 7 o0 FF
V2 RRSGTHER SN, EUS T 2 v FA L EET
BHICE—S (59ugl™) iEULE, S8 L
(Fig.6). Thid, BV F7 x> FF OB EEIEL
(K,,: 5260), HESAGERIMSE I (BRKBRaE -
78, £ERSR 20 H)O &EZ Shik.

1.4, HIEERRIBARRAI

BLZEBAIR DT bz 2001 EO MY 7 oibE v B L ORE
RO Y 7 o R, BFERICE=7 (M) 7o
RV 283ugl”, YU mIVERR D 127ugl™) &0,
ZOBBMTEY Ui (Fig 7). Thid, MY Zairdky

MoV R ZREP AR SN (ko R R
1.9 H (pH 7, 25°C), £srpisi] @ 3 B)¥7, AUk
PR BRI E Gk RN 21 8
(pH 7, 22°C), hEEHER 05 B Licikcw &Ei
SNt Fi, MNUYISU—E MY 7k &R
IKHRERICE—2 (19.0ugl™) &b, Z0H%IE MY
7uNRYyBIOEY 7 o RIIZEXTERPICRD LI
(Fig. . Thix, bU Y75 —Loa@EElNsIhs
DLW TR WY (BRKPRSE : 3150, &
BERME 21 B EEZ Shik

—7, 2002 SELIKEOD 3 LEW OSBRI 2001 SEiC
NTU0~12BETHY, E—7 bWBICERShE» -
7o (Fig. . hiz, 2001 FER3MEHBRICELD 1H (B
o2 BEBETRET) THEMBOKEETERREL
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Fig. 8 Simulated concentrations of bifenox, daimuron, indanofan, thiobencarb and molinate in the stream water at St. 2. Simulation results

were obtained under the condition of drainage rate of paddy water=2.5mmday ™' () and 5.0mmday™"' (B

the daily applied amount of active ingredients (ai) of the pesticides.
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