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Mo#va#on
• After initial trapping of runoff pesticides in the vegetative filter strip (VFS), fate of 

surface pesticide residues is complex undergoing degradation, remobilization in 
a subsequent event, and retention of part of the mass in the surface (carry over).  
• A revised mechanistic mass-balance and remobilization scheme is justified based 

on some EEAs results with special chemical compounds. 
• In particular, the correct quantification of remobilization might be important for 

very highly sorbed compounds (Koc >100000), particularly pyrethroids and other.
• There is a need for a general mechanistic solution for all compounds, not 

capricious for different types of Koc.
• Currently, VFSMOD makes a risk conservative assumption of remobilizing 100% 

of the residues trapped on the VFS surface from the last event, after degradation 
during the rainfall hiatus (Muñoz-Carpena et al., 2015). 

Muñoz-Carpena, R. A. Ritter, G.A. Fox and O. Perez-Ovilla. 2015. Does mechanistic modeling of filter strip pesticide mass balance and 
degradation affect environmental exposure assessments? Chemosphere 139:410-421. doi:10.1016/j.chemosphere.2015.07.010

http://dx.doi.org/10.1016/j.chemosphere.2015.07.010


New VFSMOD surface pesticide residues remobilization
• Four alternative schemes (IMOB1-IMOB4) are developed in VFSMOD to be tested 

against subset of field data compiled by Reichenberger et al. (2019)
• The schemes are built on the new VFSMOD mechanistic pesticide trapping equation 

(Reichenberger et al., 2019; Muñoz-Carpena et al., 2019) and existing degradation 
processes (Muñoz-Carpena et al., 2015; 2018)

• Encompass 2 remobilization options (IMOB1—2) for dissolved and solid phases of 
surface pesticide retained at the filter, and 2 control options for comparison (IMOB3—
4).

• The remobilization schemes include new processes:
• non-linear transport into the soil to quantify fraction of infiltrated (dissolved phase) pesticide 

retained in mixing layer. 
• carry-over to the next runoff event in the time series

Reichenberger, S., Sur, R., Kley, C., Si3g, S, Multsch, S., 2019. Recalibra<on and cross-valida<on of pes<cide trapping equa<ons for vegeta<ve filter 
strips (VFS) using addi<onal experimental data. Science of the Total Environment 647, 534-550.

Muñoz-Carpena, R., A. RiSer, G. Fox. 2019. Comparison of empirical and mechanis<c equa<ons for vegeta<ve filter strip pes<cide mi<ga<on in 
long-term environmental exposure assessments. Water Research 165:1149833. doi:10.1016/j.watres.2019.114983

Muñoz-Carpena, R., G. Fox, A. RiSer, I. Rodea-Palomares. 2018 .Effect of vegeta<ve filter strip pes<cide residue degrada<on assump<ons for 
environmental exposure assessments. Science of the Total Environment 619–620:977–987, doi:10.1016/j.scitotenv.2017.11.093

https://doi.org/10.1016/j.watres.2019.114983
https://doi.org/10.1016/j.scitotenv.2017.11.093


IMOB1: Remobilization of dissolved phase surface residues, solid phase residues are 
retained and carried over to next event
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IMOB2 : Complete mixing of run-on, rainfall and pore water in mixing layer and
sediment layer à trapping and remobilizaton of dissolved residues at the same Dme. 
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IMOB3: 100% surface residue remobilizaDon of both solid and dissolved phases
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Non-linear distribution of pesticide residue in mixing layer
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(b)A new verJcal pesJcide leaching with sorpJon component 
added to VFSMOD based on the analyJcal soluJon of the 
convecJve-dispersive transport equaJon (CDE) within the 
infiltraJon weWng front and numerical integraJon for mass 
retained within the mixing layer depth dml.

Huang, K. and M.Th. van Genuchten. 1995. An analytical solution for predicting solute 
transport during ponding infiltration. Soil Science, 159(4):217-223

Lindstrom, F. T., R. Haque, V. H. Freed, and L. Boersma. 1967. The movement of some 
herbicides in soils: Linear diffusion and convection of chemicals in soils. Environ. Sci. 
Tech. 1(7): 561-565.



On going work
• Code tes_ng and documenta_on

• Selec<on con<nuous benchmark events to test changes introduced by IMOB
• Selec<on of outputs of interest to test remobiliza<on effects

• Tes_ng with mul_-event field studies data from  Reichenberger et al. (2019)
• Selec<on and parametriza<on 
• Tes<ng process

• Evalua_on of important pes_cide residue remobiliza_on factors with 
representa_ve EEAs through global sensi_vity analysis
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Conclusions
• System-wide assessment of important factors controlling pesticide mitigation 

with VFS is critical in higher-tier risk assessments (complex problem)
• A physically consistent and robust description of pesticide residues on the 

VFS surface after the runoff is important to provide realistic mitigation.
• Objective identification of important drivers requires consideration of all 

factors present (physical, chemical and plants)
• Consideration of in-situ field characteristics leads to realistic assessment of 

mitigation efficiency
• Field testing with data set and EES scenarios is critical to ensure the validity 

of the new pesticide residue fate component and the safe use of plant 
protection products that address societal concerns about the persistence 
and risk of pesticides in the environment.



Thank you for your attention
W.E. Deming

‘…all models are wrong, some are useful’

‘… and remember – GIGO!!’
G. Box


