SN H23 s LS = |
KCID J. VOL. 12 No.1 (2005. 6) pp.38-49 — L.

RICEWQ 292 °l§% =M 5 o] 7%

Estimation of Pesticide Fate in a Paddy Field
Using RICEWQ Model

e L - Christen, Evan***
Chung, Sang Ok - Park, Ki Jung - Christen, Evan

Abstract

The objective of this study was to assess RICEWQ model in simulating the herbicide
molinate in a paddy field. The model was successfully calibrated against field data in ponding
depths and molinate concentrations for a paddy plot. The sensitivity of the parameter values
was analysed. The pesticide application efficiency was the most sensitive followed by
volatilization coefficient, bulk density of sediment, and mixing velocity. Simulations for various
water and pesticide management scenarios were performed. Target irrigation depths much
lower than the drainage outlet height gave lower molinate concentrations in the ponded water,
and pesticide application efficiency had large sensitivity on the molinate concentration. Overall,
RICEWQ model predicted water depth and molinate concentration well. Hence, it can be used
as a tool for the simulation of the pesticide fate in a paddy field and further can be used in
establishing environmental standards for the pesticide in the drainage channels.
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Table 1. Sequence of events for simulation period(2001)

Date | 'Event -
10. 6 Field filling started |
10. 12 Field “locked up” i.e. no water inflow or surface drainage
10. 15 Field sown
10. 17 Field aerially sprayed with liquid concentrate Molinate at 1.92kg/ha (active ingredient)
10. 19 Crop Emergence
1. 19 Last sampling(molinate)
Irrigation 6, 7, 8, 24 October and 2, 18 November
Remark - No drainage - Crop harvesting : 2002. 3. 15

Table 2. Observed water balance in the experimental paddy field(2001)

{unit : mm)
Month Days |nﬂ0?f4 - s Ouow Relative
Rainfall | Imigation | Total ET | Seepage | PONded | yoy | emor(%)
5~10 1.2 189.0 36.1 1.6
10 11~20 16.0 0.0 96.8 15.0
21~31 20.2 60.0 71.2 16.5
1~10 18.3 90.0 68.7 15.0
11 11~20 1.4 85.0 81.9 15.0
21~30 0.2 0.0 49.3 1.5 54.3
Total 571.3 424.0 481.3 354.0 76.6 54.3 484.9 0.7
Remark No drainage
Table 3. Observed molinate concentrations in the experimental paddy field(2001) (ont  ma/L)
Date 10.18 10.20 10.22 10.24 10.28 10.31 1.2 1.5 1. 7 1.4 11.19
Molinate| 1.015 0.756 0.438 0.228 .| 0.148 0.072 0.010 0.006 0.005 C.OOZ 0.001
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Table 4. Input parameters used for calibration of water depth

Parameter Name k Valgje’ | Source/comment -
Date simulation begins and ends 10.5~11.25 | Field data
Emergence date 19/10/2001 | Field data

Maturity date and Harvest date and Deposition of pesticide residues at harvest

Not relevant

Model run finished prior

Date to start and stop irrigations Field data

Type of irrigation Fixed volume

Height of drainage outlet 20‘ cm General standard
Maximum drainage rate 5 cm/day Varies

Surface area of paddy 2 ha Average bay size
Seepage 0.15 cm/day | Field data
Evaportranspiration - read daily data file or input monthly values daily CSIRO Griffith data
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Table 5. Input parameters used for calibration of pesticide dissipation

Parameter name Value Source/Commem
Depth of active sediment layer 5 cm A horizon, Hornbuckie and Christen®
Field capacity of sediment 0.35 \)/v Rice soil typical, Hornbuckle and Christen®
Wilting point of sediment 0.24 v/v
initial soil moisture of sediment | 0.35 v/v Assumed
Bulk density of sediment 1.5 g/cc Rice soil typical, Hornbuckle and Christen®
Porosity of sediment 0.43 v/v
Suspended sediment concentration | 15 mg/L Field data
Application date 17/10/2001 | Field data
Application rate 1.92 kg/ha | Field data
Incorporation depth 0 cm Field data
Application efficiency 0.95 Calibrated
Agqueous metabolism decay rate | 0.019/day From Inao and Kitamura®
Aqueous hydrolysis decay rate - Included in metabolism decay
Aqueous photolysis decay rate - Included in metabolism decay
Saturated sediment decay rate 0.017/day From Inao and Kitamura'
Unsaturated sediment decay rate | 0.034/day Assumed
Foliar decay rate coefficient 0.034/day Assumed - little foliage
Wash off coefficient 0.2/cm rain | Assumed model default
Water-sediment partition coefficient 1.57 cc/g
From Karpouzas and Capri'?
Volatilization coefficient 0.02 m/day
Settling velocity 2.0 m/day Velocity for clay particles
Mixing depth for direct partition Calibration, mixing depth calibrated which is linked
to sediment bed 0.1 em to mixing velocity
Mixing velocity 0.001 m/day| Calibration
Solubility _800 mg/L From Karpouzas and Capri’?
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Table 6. Water balance for model calibration(05/10/2001 to 25/11/2001)

Selow fem). o el o Outow fom) | Pelative

) oy -

Rainfall | Irrigation Total ET Seepage | onded Total | emor%)
5.7 12.4 48.1 35.4 7.7 5.4 48.5 0.8
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Table 7. Sensitivity of pesticide concentration in ponded water to input parameters

Days after application

Parameter - Mean
0 4 15 32

Application Efficiency (APPEFF) 1.00 1.00 1.00 1.00 1.00
Release rate for slow release formulation (RREAC) 0.78 0.17 0.43 0.4 0.45
Volatilisation coefficient (VVOL) 0.14 0.72 1.45 1.29 0.90
Volatilisation coefficient (VVOL) (-50%) 0.16 1.1 5.69 11.22 4.55
et etk e b v ol o1 | o | on | o | o
Metabolism degradation rate in water (KWM) 0.00 0.09 0.27 0.27 0.16
Soil bulk density (BD) 0.01 0.04 0.17 0.74 0.24
Degradation rate in saturated soil (KSW) 0.00, 0.00 0.00 0.15 0.04
Degradation rate on foliage (KF) 0.00 0.00 0.00 0.06 0.02
Water/sediment partition coefficient (KD) 0.00 0.04 0.12 0.40 0.14
Settling velocity (VSETL) 0.00 0.00 0.00 0.04 0.01
.Mixing depth for direct partitioning to sediment (VBIND) 0.00 0.04 0.10 0.02 0.04
Mixing velocity (VMIX) 0.01 0.05 0.10 0.44 0.15
Hydrolysis degradation rate in water (KWH) 0.00 0.01 0.02 0.03 0.02
Photolysis degradation rate in water (KWP) 0.00 0.01 0.02 0.03 0.02
Wash off rate per cm rain (WO) 0.00 0.00 0.03 0.05 0.02
Degradation rate in unsaturated soil (KSD) 0.00 0.00 0.00 0.00 0.00
Pesticide solubility (SOLUB) 0.00 0.00 0.00 0.00 0.00
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Table 8. Scenarios for testing pesticide management options

) Dry bay at application, flooded next
A Ground rig. 3.6 0 day, irrigate to maintain depth
B Aerial dry 36 60 4Dry bay at application, flooded next
bay : day, irrigate to maintain depth
Ponded water at application,
c SCWIIRT 3.6 100 irrigate to maintain depth
D Aerial 36 95 Ponded water at application,
ponded : irrigate to maintain depth
Ponded water at application,
E SCWIRT 2.4 100 irrigate to maintain depth
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Table 9. Summary results for all pesticide management scenarios

A Ground rig Dry 70 3.6 2.52 0.038 0.010 28
B | Aerial Dry 60 36 2.16 0.032 0.009 24
o SCWIIRT | Ponded 100 36 3.60 2.370 0.003 29
‘ :_D] Aerial Ponded 95 3.6 3.42 2.250 0.003 28
E SCWIIRT | Ponded 100 2.4 2.40 1.580 0.002 26
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