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Introduction on models

PRZM (Pesticide Root Zone Model)
O Developed by U.S.EPA (Carsel et. al.1985)

O Official model for pesticide registration at U.S. and
E.U.

RZWOM (Root Zone Water Quality Model)
O Developed by USDA ARS (Ahuja et. al. 1992)

O Used world-wide for research purpose

OpusCZ (not an acronym)

O Developed by Roger Smith
O Modification based on the Opus model (Smith,1992)

O Used Iin U.S., Germany and Indian for research
purpose



Model features: hydrological processes

PRZM RZWQM OpusCZ
Evapotranspiration  as input/ Hamon’s  Modified Penman-  Modified Penman-
Maonteith Maonteith
|5urface runoff SCS curve number  Infiltration access Infiltration excess OR
modified curve number
Infiltration Runoff excess Green-Ampt Richards’ equation OR
equation modified curve number
Irrigation Automatic interval ~ Automatic, user- Automatic, user-defined

dates, sprinkler as
rainfall

defined dates and
rates, sprinkler

dates and rates
Sprinkler, flood

Sub-surface flow No Yes Yes
Time step Daily Hourly Continuous/Hourly
Erosion MUSLE/USLE No Convective transport

OR
MUSLE (daily option)




Model features: pesticide processes

PRZM RZWQM OpusCZ

Application method Yes Yes Yes
Metabolites Yes Yes Yes
Sorption Equilibrium; Equilibrium or Equilibrium or

Linear Kinetics; Kinetics; Linear, Non-

Linear/Freundlich  linear

Plant wash-off Yes Yes Yes
\olatilization Yes Yes Yes
Plant uptake Yes Yes User defined fraction
Degradation First-order First-order First-order
Degradation rate ~ Temperature Temperature, Temperature,

change in soil

moisture, soil depth moisture, soil depth




Study 277 Alfalfa field experiment
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FIume 1 Flume 2

- Tail Water Flow

| Chlorpyrifos (Koc = 8151)
Block A
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ol Diuron (Koc = 813)
(0.73 acre) Ground application on

1/17/2013
3 irrigations on each block




Measurements

Soil properties: texture, hydraulic properties,
pH, OM%

Tank mixture

Mass deposition on application

Pesticide degradation in soil and alfalfa
Irrigation runoff (water input, flow,
concentration, TSS,TOC)

Soil moisture content: continuous monitoring




Results: pesticide mass

Chlorpyrifos

 Label application rate: 0.47 lbs/acre
 Rate after mixing = 0.32 Ibs/acre

« Mass deposition rate = 0.11 Ibs/acre
« Mass Iin tank — Mass on field = 64%

Diuron

e Label application rate = 1.91 Ibs/acre
 Rate after mixing = 1.54 Ibs/acre

e Mass deposition rate = 1.07 lbs/acre
e Mass Iin tank — Mass on field = 31%




Results: surface runoff

Date
5/21/2012
5/22/2012
6/15/2012
6/16/2012
8/28/2012
8/29/2012
2/26/2013
2/27/2013
3/21/2013
3/22/2013
4/26/2013
4/29/2013

Block
B

> T > T >» ® > © > W >

Chemic
al

Chilor
Chlor
Chlor
Chlor
Chlor
Chlor
Diuron
Diuron
Diuron
Diuron
Diuron

Diuron

Initial
soil
water
(m3/m3)

0.11
0.07
0.13
0.06
0.15
0.15
0.20
0.20
0.25
0.32
0.19
0.18

Input
(cm)

20.1
16.8
17.7
15.4
15.7
15.3
27.0
16.0
13.8
11.3
15.0
15.7

Runoff
(cm)

3.0
3.4
1.8
2.1
2.5
1.6
4.6
2.8
2.0
3.0
1.9
2.7

IRunoff
%

14.9
20.4
10.0
14.0
15.8
10.7
17.1
17.5
14.6
26.1
12.7
17.1

Chem
runoff

(mg)
40.0
52.8
17.1
23.9
0.6
0.2
9321.6
7989.4
1835.8
4576.3
822.4
1453.2

Chem
runoff%o

0.11
0.15
0.05
0.07
0.0015
0.0005
2.95
2.66
0.58
1.52
0.26
0.48




Field dissipation

8.0 Chlorpyrifos on alfalfa

L 44

6.0
. y = 4.3036e0-141x

4.0 R2 = 0.9468
2.0

0.0

0] 20
Days post application

Chlorpyrifos
concentration (ppm)

Foliar half-life o 120

Chlorpyrifos: 5 days g 100

Diuron: 9 days g2 80
3w

Soil half-life S = 40

Chlorpyrifos: ND £ zg
(]

Diuron: 132 days

First order
degradation

M, =My X exp(—K X t)

Diuron on alfalfa

¢

y = 107.51e70:073x
R%2=0.6682

L 2

20 40
Days post application

60



Model set up

o Versions of model used
« PRZM3.12.3
« RZWQM 2.5 science version
e OpusCZ July 2013 version
o Weather data
 Daily, hourly data, breakpoint rainfall
« CIMIS weather station at Davis
o0 Soil data: measured mean values
 texture, physical, hydraulic properties
o Crop management
e 3 cuttings, 2 pesticide applications, 6
Irrigations
o Irrigation setting
e total amount of water applied, water
Input rate



Model evaluation statistics

O Mean absolute error (MAE)

2 P — O]

n

MAE =

O Mean absolute percent error (MAPE)

n
1 |P; — O]
MAPE = — X
n L 0;
l

O Root mean square error (RMSE)

e \/Z(Pi — 0;)?

n
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Measured runoff (cm)

PRZM RZWQM OpusCZ
MAE 5.1 2.9 1.8
MAPE 2.1 1.2 0.7

RMSE 5.2 3.0 2.0




Simualted (mg)

¢ PRZM

m RZWQM
4 OpusCZ
—1to 1line

A
4_—1—7.

20 40

Measured (mg)

PRZM RZWQM OpusCZ
MAE 6.7 19.9 13.4
MAPE 4.1 0.8 0.7
RMSE 8.7 26.1 18.8



Simualted (g)

Measured (g)

PRZM RZWQM
3.8 2.7
2.3 0.7
5.1 3.5




Simulation results: sediment erosion

g 6 OpusCZ
8 4 — 1:1Line
e 2
-] * * *
g 0 AR 4
2 0 100 0 50 100
Measured (Kg) Measured (Kg)
MAPE
Runoff Chlorpyrifos Diuron
PRZM 2.1 4.1 2.3
RZWQM 1.2 0.8 0.7
OpusCZ 0.7 0.7 0.4

« Smaller errors for diuron than chlorpyrifos
 Simulating hydrophobic chemicals challenging
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Accuracy

Input preparation

Output format
Run time

Representing
management

Technical support

Total score




Conclusions

O All three models can simulate pesticide
runoff with good accuracy

O OpusCZ is the most accurate model for
flood irrigation

O RZWQM is the most stable “performer”
plus strong tech support

O Models are able to produce more
accurate outputs for pesticides with lower
Koc

O Simulation of sediment erosion and
consequently hydrophobic pesticides
stays challenging
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sture content (cm3/cm3)

Soil |

Soll moisture simulation

Simulation of soil moisture content at depth of 5 -15 cm
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Runoff flow (cfs)

¢Event 1
= Event 2
Event 3
o Event 4
~ Event 5
Event 6

0 50 100 150 200 250

Minutes from runoff initiation
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Block A Event

1
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Runoff flow (cfs)
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Chlorpyrifos in soil (In)
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Previous work

o
C®se study: Fresno, case: bare soil in citrus,
mmmw; CE oMt dTES — 5pus
: . : Measured
Simulated | %D | Simulated | %D Simulated | %D
Runoff depth (mm) 10.1 -7.3 25.0 1294 18.5 69.7 10.9
Sediment (g/plot) 157.7 -3.8 19297.1 | 11666.5 | 164.0
E\_/ent 1 Simazine dissolved (mg/plot) | 118.2 |-34.0| 105.7 -52.6 34.3 -80.8 179.0
Calibration  Simazine adsorbed (mg/plot) 55 |-875 324 -26.4 44.0
PMAE 33 2 85.2 6558
Event2  Runoff depth (mm) 6.2 -31.1 24.8 175.6 18.8 108.9 9.0
Validation  Sediment (g/plot) 169.6 26.6 194134 | 14387.6 | 134.0
Simazine dissolved (mg/plot) 92.0 41.5 103.8 20.7 144 -77.8 65.0
Simazine adsorbed (mg/plot) 4.3 -79.5 13.6 -35.2 21.0
PMAE 36.9 10.3 3625




Winters case study: orchard,

natural rain

PRZM

RZWOM

OPUS

. Measured
Treatment  Chemical Type Simulated %D  Simulated %D  Simulated %D
Bare Chlorpyrifos  Adsorbed 2.3 -42.7 4.7 862.2 8.6 112.6 4.1
Bare Diazinon Adsorbed 1.3 -85.0 15.4 307.3 3.1 -65.3 8.8
Bare Methidathion Adsorbed 2.4 -83.7 30.6 108.2 6.0 -59.1 14.7
MAPE 70.5 9.9 79.0
Calibration RMSE 91.2 115 71.5
Bare Chlorpyrifos Dissolved 0.6 19.8 0.1 -72.1 0.5
Bare Diazinon Dissolved 4.0 6.3 0.2 -95.6 3.8
Bare Methidathion Dissolved  11.2 -23.5 15 -89.7 14.7
MAPE 16.5 85.8
RMSE 31.5 124.8
Clover Chlorpyrifos Adsorbed 0.9 -29.3 1.3 0.9 2.3 91.3 1.2
Clover Diazinon Adsorbed 0.5 -76.6 4.1 24.0 0.8 -61.9 2.1
Clover Methidathion Adsorbed 0.9 -80.3 10.4 33.9 09 -794 4.5
Oat Chlorpyrifos Adsorbed 1.4 -36.5 2.4 -0.9 4.1 86.4 2.2
Oat Diazinon Adsorbed 0.8 -91.3 12.3 1.0 1.1 -88.1 9.1
MAgE 64.3 17.8 79.8
. RMSE 71.1 39.8 70.4
Validation Clover Chlorpyrifos Dissolved 0.2 805.6 0.0 -57.7 0.0
Clover Diazinon Dissolved 1.6 37.9 0.0 -98.4 1.2
Clover Methidathion Dissolved 4.6 38.6 0.0 -99.2 3.3
Oat Chlorpyrifos Dissolved 0.4 68.5 0.1 -69.8 0.2
Oat Diazinon Dissolved 2.7 -14.5 0.1 -97.1 3.1
Oat Methidathion _Dissolved 7.4 07 Q2 979 7.4
MAPE 161.0 17.8 86.7
RMSE 23.3 39.8 137.9

Units: (mQ)



Sensitivity analysis

Pesticide loss due to surface runoff Pesticide Loss
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Chlorpyrifos fate

=>90%0 of chlorpyrifos was on

alfalfa plant

o Mass deposited: 0.128 kg/ha

o Calculated chlorpyrifos mass
on alfalfa: 0.124 = 0.026
kg/ha

Residue on soil: ND

Residue In runoff:

o First irrigation: 0.4-0.6 ppb

0 mass loss: 0.2%0

o Second irrigation: 0.3 - 0.5

ppb
o Third irrigation: ND — 0.06



Background: why modeling

o0 O O O O

Risk assessment tool to assist decision
making In pesticide registration

Advanced simulation on pesticide transport
and fate at field scale

Evaluate effectiveness of management
practices

Predict peak runoff of pesticides in surface
water: fine time step

Three candidate models were selected

Evaluate the performances of these model in
simulating pesticide runoff from California
agricultural fields



Methods

O Flow measured using two trapezoidal flumes and a ISCO
area velocity flow meter

O Soil property and moisture sampling: 6 inch, 12 inch
O Chemical analysis:

plant, soil, Kimbie sheets; GC/MS/MS
Water samples: ELISA kits
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