Evaluation of Three Models for Simulating Pesticide Runoff from Agricultural Fields in Semi-arid Reg
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INTRODUCTION RESULTS AND DISCUSSION Simulation of field studies 3. Davis study
Mathematical models have been increasingly used to assist regulatory agencies and researchers in exposure assessments. In -~ Simulated results by OpusCZ were
: : . : : : . . . . . 120 » - U e NP Y
California, the Department of Pesticide Regulation (DPR) is required by law to evaluate pesticides not only during registration pro- | |Theoty evaluation results (Table 2) 1.Fresno study Runoff o | Oediment i e most accutate with the small
. . . . . .. .. . . . . o 10.0 ¢ PRIM p2=p.0005 u W -
cess but also when they are in use. Simulation models are help tul tools for this evaluation. Predlctlng P esticide loss at the edge of a 0 OpusCZ: motre ideal compared to RZWQM and PRZM (most complete n representing hydrologlcal and pCStICIdC processes, sub-  Table 3: Simulation results of the Fresno case run; Tillage was performed up to 7.6 cm of soil using a rototiller af- T i & OpusCZ R2=0.13 est errors for all measures includ-
. . . . . . L. . . o Eln |
field is fundamental to exposure assessment both at local and watershed scales. Current water quality regulations in California are daily time step, options to model management practices) ter pesticide application — 50 - ¢ TR ing tanofi sediment erosionand
i i i i i . . . 0 0 0 All three models simul imazin g 60 & 200 | ’ ’
often based on instantaneous water sampling designed to reflect the peak concentrations. These concentrations are compared to 0 RZWQM: most user-friendly however lacks sediment erosion component Event Treatment PRZM %D RZWQM %D OpusCZ %D Measured t ffee hOde SdS ulated ST El ; 5 o PRZM R2= 0.40 i, |* sestisides loss, Bor e Hovs 1
ic 1i i iter ine i iolati i . . . L ; ; runoff with good accuracy (Table 3). . e a7 & . ’
aquatic life benchmarks or water quality criteria to determine if a violation has occurred. Therefore, a model must be able to predict | |y bror the most simiple among the three: curve number for surface runoff not ideal; cannot simulate flood irfgation and subsur- runpff (cm) 1.0 1.7 1.6 439 1.2 13.6 1.1 | g y ( ) E 4o _ ® RZIWOM  R2=0.52 o . . - values were 0.40, 0.52 and 0.66 for
peak pesticide concentrations at field edge that occur soon after rainfall or irrigation events. In addition, wide-spread use of irriga- : L sediment (g) 1517 1-3.8 1345 -18.0 164.0 The simulated results on amount of 20 - A Opusti  Rim0.66
| | | | R face drainage through drain tiles Notill simazine dissolved (mg) 1182 -15.6 1282  -30.3 1434 24 1400 - - - |~ A —1to1line o PRZM, RZWQM and OpusCZ, re-
tion presents another challenge for exposure modeling. Many models do not have valid mechanisms for simulating irrigation water : : : & ' ' ' ' ' ' ' water runoftf, sediment erosion, and si- 0.0 | : . . : - e . g . S
o o . . B 0 None of models has components for simulating spray drift. simazine adsorbed (mg) 5.5 875 1.0 976 44.0 o L : 0 2 4 6 8 10 13 e e - = o Spectively, indicating acceptable
applications and subsequent runoff from a field. After a preliminary model search, three models with the above mentioned capabili- . : : : —— mazine in runoff were all within twice Bnsursd: Bori ‘ o ' | bilite for all models Lin
- - - - - P - ) P Table 2: Comparison of the three models for hydrological processes, pesticide processes and other model components Event 1 MAPE (A’) 38.2 58.0 43.9 f the ob d val PE b nad ) abillitey rof all MOCKS in Sxqplakiing
ties were selected to determine their accuracy in predicting pesticide runoff from agricultural fields: The Pesticide Root Zone Model runoff (cm) 06 91 10 761 05 83 05 of the observed values (MA ctween rhittos o i v e s
. : . 110 -8, : \ water volu
i T . 16-110%). 80 . 20 ,
(PRZM) developed by U.S. EPA (Carsel et al., 1998), the Root Zone Water Quality Model (RZWQM) developed by USDA ARS PRZM RZWQM OpusCZ Calibration —_— diment (g) 976 0.6 7850|045 2290 6-110%) ol Chlorpyrifos 1 Diuron the 12 events.
(Ahuja et al., 1999) and the Opus model also developed by USDA ARS (Smith, 1992). Although the three models have been used Hydrology Processes 8% simazine dissolved (mg) 12.7  127.0 6.8 -64.2 28.2 182.4 10.0 For PRZM, there was greater deviation = = :gf::m :if o ‘E '
. . . . . . . .. . - - . . - - - — - . . ) _ . = 2: : E
by g9Vérnmental agencies and. researchers World\mde., literature on.v.ahdatm.n of the three models for simulating irrigation I'U.I.loff Evapotranspiration As input/ Hamon’s Modified Penman-Monteith Ritchie’s equation simazine adsorbed (mg) 1.0 89.1 0.3 96.1 9.0 of predicted values from measured val- 3 cp | \ Opuscz R*=07 =2 R ipesiigidle o, dhe dores
are limited. To address the unique regulatory and agricultural conditions, this study attempts to evaluate RZWQM and Opus in ad- . . MAPE (%) 41.9 71.2 103.8 dlto the calibrat - ® o — ==Ll £ 10 o PRIM R?=0.68 ’
Surf: f SCS b Infil Infil ues compared to the calibration peri S = :
urface runo curve number niiltration access niiltration access model tured the varian
it] ici No | i i runoff (cm) 1.1 16.8 1.5 69.0 1.2 36.0 0.9 = j g 8 B RZWQM R2=0.26 odels captured the variances
dition to the PRZM model for pesticide exposure modeling in California. : , : 0 L SUREY S od & 20 E
Infiltration Runoff excess Green-Ampt Darcy’s law sediment (g) 1696 266 1331 -0.6 1340 : | 5 6 f:l-'-uﬁ R?=0.94 very well with R2 ranged from 0.68
. . . . . . . . ) 4 - ——1to1lline )
Irrigation setting relative dates, sprinkler, Sprinkler, user rates and dates Sprinkler, flood, user rates and No till simazine dissolved (mg) 92.0 109.1/97.6 502 116.7 621 44.0 For OpusCZ, simulation results for the 10 - 2] to 0.94. OpusCZ had highest R2
MATERIALS AND METHODS others as rainfall dates simazine adsorbed (mg) 43 -79.5 0.5 -97.7 210 tillage during validation had the small- 0 ' 0 values across all the measure-
L 0 20 40 60 80 0 5 10 15 20
Sub-surface flow via tile |[No Yes Yes Event 2 MAPE (%) 77.3 06.6 63.5 matt o commaTRd o Jhese o el s
. T : —_ - M d ments.
Evaluation on model theory: models were evaluated qualitatively for their abilities to: drainage Validation runoff (cm) 06 482 13 81 05 1577 12 | g SERERE ) MeauRed (&)
' i ' ‘ e tion. S e A . . -
. . . . . . . : Fig 4. lated and d ff for the D tudies ; Th tatistics MAPE and RMSE lculated
1) Simulate common crops in California mainly trees, vegetables, field crops, and alfalfa hay Erosion MUSLE/USLE No KINEROS sediment (g) 256.9 217 2846 |-13.2 3280 | | 187 SITEC ARC ORI TUROT ToT e LAvIn SHCISh 5 7 e STHor SHieHes " e e
- - : : _ RZWQM could not simulate sediment based on 12 runoff events. All results were from cold runs with no manipulations on the model parameters.
. . . _ . - . - . Tillage simazine dissolved (mg) 10.1  158.4 7.0 23.95.8 482 3.9
2) Consider pesticide application method: ground, aerial spray and soil incorporation Pesticide Processes mazine adsorbed (mg) 0.8 " 01 076 53 o but th 0 )
. . . . . . . ) ) S1IMazine adsorocd (m : -04. . -91. . €rosion, bu € results on surrace run-
3) Simulate runoff generated by different irrigation methods including gravity (e.g. flood, furrow) and Application method Yes Yes Yes 0 : .
: e : . MAPE (A’) 110.2 16.0 72.2 off and total pest1c1de runoff were Table 6: Simulation performance of the Davis study by the three models (n = 12). 035 4 212012 03
sprinkler irrigation Metabolites Yes Yes Yes | o | T 0a | May T, | June15,2012
. o o _ _ . o . o . . . o . . . close to those measured. Note: units of RMSE is different for each measurement: runoff (cm), sediment (g), E . R E° g 0°9
4) Simulate pesticide partitioning in dissolved and adsorbed phases Sorption Equilibrium; Linear Equilibrium or kinetics; Linear/  Equilibrium or kinetics; Linear/ chlorpyrifos (mg), diuron (mg) £, e g oz m
. . . . . . . . . . . . . = measur T 0.15 o
5) Simulate pesticide degradation in soil, plant and water, ideally with consideration of temperature and Freundlich Freundlich/ Langmuir MAPE (%) RMSE £ e, : o | S
soil moisture effects Plant wash-off Yes Yes Yes 500 - All three models simulated the tillage Runoff PI%?\;I RZI;Z%M O%gsgz PIEZOM RZ;N9QM OP;SOCZ 5005 £ 005 ; iﬁ qu
6) Simulate pesticide volatilization into air Volatilization Yes Yes Yes ® runoff W sediment etfects well, even though they were us- Sediment 10644  -- 749 | 1563 - 35.0 "o 10 a0 00 To
. . . . L | . . . . 411. 4 4.1 ) 26.1 . Minutes from runoff initiation " utes from runoff initiation
7) Simulate soil erosion and associated pesticide losses Plant uptake Yes Yes Yes % 150 simazine dissolved  m simazine adsorbed ing different approaches (Fig. 3). Both Ch}‘;’i“ul’r{)‘;f"s 1923 ;i X 3287 . 4686Z . 3521 ) 12823 . Minutes from runoff initat
8) Generate time series outputs on runoff flow, pesticide concentration, plant growth and crop evapo- Degradation First-order Pseudo first-order First-order sigmoidal = 100 RZWQM and OpusCZ have specific £ March 21, 2013 300; April 26, 2013
T : : : : : | : : : ' i i i ’ i E 04 E" 8
transpiration Degradation rate change |Temperature Moisture, temperature, soil depth  Moisture, temperature, soil 2 modules for simulating tillage etfects, T?e ﬁargejt simulation erzlors Weref associated with the simulation E . £ 02 .
. : - - b - of the sediment erosion due to a few reasons: T . <o
9) Operate at hourly or finer time step in soil depth 3 50 - VHstl® VML GLEIes mlefe, LSETBIeNE, ff0 X . " P oz f i
10) Simulate effects of management practices Other Components o mimic effects of tillage practices in Large uncertainty in measuting se 1ment. erosion trom field. E o1 B E 005
_ _ : : : = o - . . . PRZM L —— The measured values tend to be over-estimates because the 0 & - 0 60 | | |
11) Have strong and active technical support Input preparation Fixed FORTRAN format User GUI, users can prepare all in- User GUI, users need to pre- o - -sz , OC NaSs 10 MOy PATAMCLELS ditch from which samples were obtained was not concrete 0o 50 100 150 200 0 50 100 150
puts using GUI pare three input files with free - ““3 : P'S such as the curve number and the C , B , , Minutes from runoff initiation Minutes from runoff initiation
Table 1: Main settings of the three field studies f = 50 - . : : ¢ Alfalfa has a hlgh ablhty to filter sediments, so concentrations
ormat Q factors of universal soil loss equation . , ,
) , , e . of suspended sediment were low. T Fig 5: OpusCZ simulated and measured event hydrograph
Fresno study Winters study Davis study Time step Daily Hourly Continuous & 100 - (USLEC). This may have affected .

. M ¢ . N . dul Reflect £ill h ' Reflect £ill h ¢ d SR c durine the vali 0 Simulated results from OpusCZ were constantly lower than Durine th ¢ o ¢ hiohest pesticid
Location 38.836, -119.853 38.503, -121.977 38.532, -121.799 anagement practices o specific modules eflect tillage, harves eflect tillage, harvest, pon s performance during the vali- o mezsmads OpmCZ ikt heave parimmed beer omsid uring the course of a runoff event, highest pesticide
Cro citrus row middle each alfalfa 120 - dation event. ering measurement uncertainty concentrations were one o six times of the average con-

.p P . . Sensitivi fvsi 5 . . . . centration. This suggests the importance of capturing
Soil Hanford sandy loam Yolo silty loam Brent wood silty clay loam €nsitivity analysis T Fig 3. Measured and simulated tillage effects for the second runoff event (validation petiod) in the 0 PRZM consistently over-estimated sediment erosion by one or- the peak runoff rather than the daily average. Models
SiZG 0.00187 ha / plOt 0033 ha / plOt 0281 ha (blOCk A) PRZM dissolved phase RZWQM total pesticide Fresno case study der of magmtude' The CITOrS Could be even larger COﬂSldel"lﬂg such as RZWQM and OpUSCZ run at sub—daﬂy time Steps

0.295 ha (block B) the uncertainty in origin of the sediment. and thus are better able to capture the peak pesticide con-
Slope 2% 2% 0.14% 0 Compared to chlorpyrifos, the MAPE for simulating diuron C.ent.rations. Given the short time duration and uncertain-
. . . . T was smaller for all models. This could be partly associated with ties in flow measurement, OpusCZ was effective at repro-
Water input simulated rainfall; two events |natural rainfall; two events of|flood irrigation, 12 events the poor sediment simulation bv the models ducing the shape, duration, and peak of the runoff hy-
of 32 mm 38 mm and 15mm ranged from 130-260 mm 2.Winters study P y ' e —— ’ ’
Management practices |mechanical incorporation of  |cover crop with oats and clo- |alfalfa cut and harvest ©04 02 0 02 04 06 08 1
.. Spearman's rank correlation coefficient 04 02 0 02 0.4 0.6 08 06 04 02 0
pGStICIdGS ver FRERITR B Soneston stetest Spearman’s rank correlation coefficent The three models simulated Table 4: Simulated runoff and sediment results for the Winters study CON CLUSIONS
Pesticides simazine chlorpyrifos, diazinon, chlorpyrifos, diuron e _____OPuSCE Sdsomedphase runoff and sediment erosion Treatment Tone PRZM RZWQM OpusCZ Measured . o . . .
methidathion =N o Tt Table 6 & Simulated %D | Simulated %D |Simulated %D ¢ All three models simulate water and pesticide runoff with good accuracy for events generated by natural rainfall or sprin-
i with high accuracy (lable 0). Bare Runoff (mm) 1.5 -11.8 1.7 12 1.7 2.4 1.7 SUCPUT SUCPROT - -
Pesticide spray date /27/1995 1/4/1996 4/9/2012 chlorpyrifos A rise] <ol s i 81(;Ver ﬁ““(’gﬁmmz i 157 07 13 0 128 07 kler irrigation. However, for events generated by flood irrigation, OpusCZ stands out as the best performer due to inclusion
1/17/2013 diuron SRR P ! VAPE (o) T ST EEEETE I ’ of a specific modeling component followed by RZWQM.
in twice of the measured val-
Pesticide spray method |Ground, soil incorporation Foliar Ground 08 06 04 tion e i 0 s - Bare KB Sediment (9) 356.8 . 1.7 " 564 e 60.9 350.7 0 The PRZM model is relatively simple and therefore easy to calibrate. It 1s also the “standard” model used by USEPA and the
’ Spearman’s rank correlation coefficient ues with highest deviation et~ Clover Sediment (2) 136.5 279 . . 215 133 189.3 y Simp Y ' J
Application rate 2.0 kg/ha 1.2 kg/ha 0.53 kg/ha (chlorpyrifos) R N oo o e YE e ror being 71% (Table 6). Alt- Oat MAS;éiin/:)e{lt (2) 188.510‘7 -2.4 - - 330 v 70.9 193] Europe Union for pesticide registration evaluation. However, the model did not perform as well as the other two models when
2.28 kg/ha (diuron) Spearman's rank correlation coeficent Spearman'srank correlation coefficient hough RZWQM did not simu- RMSE 30.8 147.2 used to simulate flood irrigation and on farm management practices. PRZM provides predictions of daily averages for pesticide
Weather station CIMIS weather station at Fres- |CIMIS weather station at Da- |CIMIS weather station at Da- T Fig 2. Parameters with significant sensidivity to pesticide runoff. late sediment erosion. its simu. runoff and thus it is not able to capture peak values that occur within a runoff event.
(hourly and daily) no State vis, CA vis, CA o N lated results on runoff water 0 The RZWQM model has the capabilities of simulating both types of runoff events with good accuracy. It is also the most user-
—D2 The three models show similar lists of sensitive parameters for : : : : L .
1 08 -06 04 -02 0 02 04 06 08 1 from all land cover types were friendly among the three with a GUI and strong technical support. However, the lack of sediment erosion limits its application
L . Spearman’s rank correlation coefficient pesticide runoff. The significant ones include those associated : .. : . .. :
Sensitivity analysis . . . : . . . closest to the measurements. for hydrophobic pesticides when sediment erosion is the target problem. The model may produce more realistic results with the
i ’ T Fig 1. Parameters with significant sensitivity to with soil adsorption (soil adsorption coefficient (Koc), Freundlich i . . .
. - . _ _ . _ addition of a reliable sub-model for sediment erosion.
¢ Based on Fresno study (Troiano, 1998) (see Table 1) sutface water runott. volume WWP: wilting constant (FREX)), degradation (soil half-life (HLS), foliar half-life , , . . . . L .
point of soil; ISWT: initial soil water content; S . . 0 OpusCZ 1s the most reliable model among the three models with the great ability of simulating flood irrigation at two dimen-
0 57 parameters; randomly sample from parameter range AMXD: maximum rooting depth; WFC3: field (HLE)) and application depth (depth of soil incorporation Tl B St e il T PURES R ] p . - . . . . ,
T & CPH ' Aol 58 SimulAted! peselses i mioils o e Wi sy Ui mgs Nels o IAWQIY, #re sl Tty vt (o sions. It also has capacities to simulate various management practices such as on-farm pond, tillage practices, and cover crops.
O 5000 run for each model capacity of soil; CN: SCS runoff curve number; (DEPD). the total of adsorbed and dissolved pesticides o . _ . o . o . . _ .
810wt Tl dlesmsitgs st ol savamenised by Therefore, it 1s the most suitable model to use for simulating pesticide runoff in semi-arid areas in California where agricultural
. oo - - : . o ' . PRZM RZWQM OpusCZ ‘ , , o
0 Target output: water runoff, pesticide loss (dissolved, adsorbed), sediment erosion draulic conductivity; PBUB: Bubbling pressure Parameters associated with sediment erosion and transport show Treatment  Chemical Tope _ ) _ - . ) Measured is heavily dependent on irrigation.
, . . o of soil; ALAM: Log slope of retention curve at o o Simulated %D Simulated %D | Simulated %D . . o . - . . .
¢ Calculate Spearman’s rank coefficient to compare relative significance low Swater Comtents. significance to runoff of adsorbed pesticides, for example, the The attenuation effects of cov- = Chiorpyrifos  Adsorbed 23 I REE, T s =3 T 0 This evaluation study was limited by the availability of field studies with reliable measurements that are needed for model evalu-
O Versions of model used: PRZM3.12.3, RZWQM 2.5 science version, OpusCZ December 2013 version universal soil loss equation parameters USLEP, USLEK, USLELS et crops wete also successfully Bare Diazinon Adsorbed 1.3 -85.0 | 154 226 |22 -74.9 8.8 ation. More field studies covering a variety of crops and management practices are needed in the future for a more complete
' T ' ’ : : C oy : B Methidathion Adsorbed 2 - | 30.6 2.8 -80.7 14.7 :
For PRZM, determination of the and USLEC in PRZM; FRACL(fraction of clay particle in sediment realized by the three models e SR Ak 837 41 evaluation of the models.
. . o ] ] 2 MAPE (% 54.3
Evaluation using Field studies curve number is the most influential erosion), FRASN (fraction of sand particle in sediment erosion), i smeE e sl sedie R“SE( ) A " -3
: - . - - - - ’ Calibration ' '
. . . . . rocess to estimate volume of surface FRASL(fraction of silt particle in sediment erosion), USLEK, o S T — - :
O Three field runoff studies were used as testing cases: Fresno study (Troiano, 1998), Winters study (Ross, 1997) and Davis study P - . N EKT (relative erodibility factor for splash erosion), DPS (mean ef ment and pesticide significantly EZE: Elil;z}:;’;‘lﬁm gi:zﬁ: g-g (1)_938 g-i 1’-;2;16 f; ACKNOWLEDGEMENT
run r. In contr ; - ' . - : - - - > . : :
(Zhang, 2012) (Table 1). HnOE wate contrast, Q ot e d v ) , p. le class), and PROSL. reduced by using the cover Bare Methidathion Dissolved 11.2 235 - 14.3 3.0 14.7 The author cordially thanks Kean Goh, Yuzhou Luo, John Troiano and Frank Spurlock for their helpful comments. Bruce John-
1 1 cctive particle dlameters ror soil particle class), an : : : : : :
0 Fresno study: first event as calibration, second event as validation and OpusCZ models emphasize soil p. o . i . e . crops of clover and oat. For MAPE (%) 16.5 - 23.0 son also provided useful guirdance during the course of studies. I deeply appreciate my colleague Xin Deng, Robert Budd, Ashley
- > i i ioni in- roportion of total sediment with certain particle sizes) in - - _ : : : L : . .
. . o o hydraulic properties as significant in (prop b ) PRZM, this was accomplished — L - — o - o4 Pennell, April DaSilva, Kevin Kelly, Kaylynn Newhart, Joanna Nishimura and Emerson Kanawi for their work on collecting valu-
0 Winters study: bare soil plots as calibration, cover crop plots as validation fluences. OpusCZ. LT Ig———— gm.-a El.ﬂo?mmm ijmﬂ;ej 3.2 :2; ﬁll :1% Ef[} (1} .: 1 %39 ; f
over 14711011 Adsoroe - -0, . 24, . b= .
0 Davis study: cold runs, no calibration I— - , and the USLE C factor. For Clover ~ Methidathion Adsorbed 0.9 -80.3 | 10.4 339 | L1 -76.0 4.5 SELECTED FERENCES
fa R Tl P Oat Chlorpyrifos  Adsorbed 1.4 365 | 24 0.9 |22 0.0 2.2 R E
0 Manual calibration: objective function: Mean Absolute Percent E rror (MAPE) (equation 3) RZWQM and OpusCZ model, Oat Diazinon Adsorbed 0.8 913 | 12.3 1.0 | 1.3 -85.8 9.1
the effects were realized by set- Oat Methidathion Adsorbed 1.4 719 | 183 163 | 1.7 673 5 Ahuja LR Rojas K.W., Hanson ]:D.,.Shaffer M.]. and Ma L. (eds.). 1999. Root zone water quality model — Modeling management effects on water quality and crop produc-
. MAPE (%) e 178 500 tion. Water Resources Publications LLLLC, Colorado, USA. 360 pp.
Statistics for model evaluation: Root Mean Square Error (RMSE), Percent of Difference (0/0D>’ and MAPE as bellows: ting up the Crop growth param- ‘RMSE 4.'1 2.;5 ‘3.-8 Carsel RF, Imhoff J.C., Hummel PR., ChephckJ.M. and Donigan A.S.J. 1998. PRZM3, A model for predicting pesticide and nitrogen.fate in the crop root and unsaturated
Validation - : : soil zones: User manual for release 3.0, National Exposure Research Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, Athens,
o2 eters for oat and clover. Clover Chlorpyrifos Dissolved 0.2 805.6 - 0.1 110.7 0.03 Georgia, USA
RMSE = \/ 2.(Pi=0) : gover E[iazhijl:n[ | El:smiveg 1.6 37.9 = 0.2 -82.4 1.2 Luo Y., Spurlock, F. Deng, X., Gill S., Goh, K. 2011. Use-exposure relationships of pesticides for aquatic risk assessment. PLoS ONE 6(4): ¢18234.
n W gl ; over fethidathion 1ssolved 4.6 38.6 -- 3.4 3.5 3.3 - :
1 - . . : - R T RN T " _ doi:10.1371 /journal.pone.0018234
(1) i is the 'th predicted value, 9 is the ! th observed value, © is the average of the AL _;1‘??,§\g-‘!s¢f§! Oat Chlorpyrifos  Dissolved 0.4 68.5 -- 0.2 -29.8 0.2 Ross, L.J., Bennett, K.P, Kim, K.D., Hefner, K. and Hernandez, J. 1997. Reducing dormant spray runoff from orchards. EH97-03. State of California, Environmental Pro-
04D, = P;—0; 100 observed values. and 11 is the numbet of observations s S 'M; ; ‘:‘.;.‘-; Oat Diazinon Dissolved 2.7 -14.5 -- 3.0 -4.5 3.1 tection Agency, Department of Pesticide Regulation, Environmental Monitoring and Pest Management Branch, Environmental Hazards Assessment Program, Sacra-
ot/ — i X > : S PR T : Oat Methidathion Dissolved 7.4 0.7 - 9.9 33.9 7.4 mento, California 95814-5624. http://www.cdpt.ca.gov/docs/emon/pubs/ehapreps/eh9703.pdf
(2) MAPE (%) 161.0 _ 44.1 Smith, R.E. 1992. OPUS, An integrated simulation model for transport of nonpoint source pollutants at the field scale: Volume I, Documentation. U.S. Department of Agri-
. RMSE 0.6 _ 1.1 culture, Agricultural Research Service, ARS-98, 120pp.
MAPE = 100 X Zn IPi— 0] — Troiano, J. and Garretson, C. 1998. Movement of simazine in runoff water from citrus orchard row middles as affected by mechanical incorporation. J. Environ. Qual. 27:
n ! 0i (3) 488-494. (PDF, 102 kb). Reprinted with the permission of the American Agronomy Society. http:/ /www.cdpr.ca.gov/docs/emon/pubs/ehapref/movesim.pdfs
Zhang, X. 2012. Study 277: Pesticide Runoff from a California Alfalfa Field—a Field Study. California Department of Pesticide Regulation. Available online via: http://www.cdpr.ca.gov/docs/emon/pubs/protocol/study277protocol.pdf
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