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Overhead sprinklers frequently cause run-off

Nutrients
Sediments
Pesticides



Overhead sprinklers are needed for irrigating high 
density leafy vegetables



Pesticide Mitigation Projects funded by CLGRB

1. An integrated vegetated treatment system for 
mitigating imidacloprid and permethrin in 
agriculture irrigation runoff

2. Water treatment technology using 
polyacrylamide (PAM) to control sediment in 
agricultural run-off



Neonicotinoid:
Clothianidin 63
Imidacloprid 200

Organophosphate:
Diazinon                      1000
Chlorpyrifos                 6070

Pyrethroid:
Permethrin               100,000
Bifenthrin                 240,000

DDT:   2,000,000 

Koc*

* Ratio of concentration in soil:water

Pesticides in run-off have a range of solubilities



Integrated Vegetated Ditch for Mitigating Soluble and 
Sediment Bound Pesticides

 Vegetation slows flow allowing time for 
suspended sediments to settle and run-off 
to infiltrate.

 Soluble pesticides bind to vegetation, 
compost and activated carbon socks



Ditch Vegetated with Red Fescue



Geotextile Sleeves (Socks) filled with Granulated 
Activated Carbon



Sediment trap prevents large particles 
from clogging vegetated ditch



Objectives for vegetated treatment project:

Year 1: Evaluate the efficacy of integrated vegetated 
treatment system to mitigate imidacloprid and 
permethrin in simulated run-off.

Year 2: Evaluate the efficacy of integrated vegetated 
treatment system to mitigate imidacloprid and 
permethrin in run-off from a lettuce crop. 



Procedures for run-off trials:

 Length of vegetated ditch: 600 ft
 Used a manifold to combine sprinkler run-off 

with known concentrations of pesticides
 Run-off flow rate (inlet): 75 gallons per minute
 Sampling locations: Inlet, before and after 

carbon sleeves
 Composite samples of run-off collected using 

automated peristaltic pumps
 Samples analyzed for imidacloprid and 

permethrin by DPR staff
 Toxicity evaluated using amphipod (Hyalella

Azteca) and midge (Chironomus dilutus).



Simulated run-off passing through geotextile 
sleeves (socks) filled with granular activated carbon
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Imidacloprid concentration in run-off reduced by 92%
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Pesticide Toxicity of Run-off

No survival 13% survival

amphipod midge larvae

No survival No survival

amphipod midge larvae



Lessons learned
 Toxicity from permethrin was likely responsible for low 

survival of test organisms.

 Permethrin concentration would likely be further 
reduced using practices that drop out suspended 
sediments before the vegetated ditch.  Therefore the 
upcoming simulation tests will use lower suspended 
sediment concentrations (200 NTU).

 Upcoming trials will evaluate if the integrated 
vegetated ditch can eliminate pesticide toxicity by 
pretreating irrigation water with polyacrylamide (PAM).

 Trials will also compare efficacy of granular activated 
carbon with biochar. 



Polyacrylamide (PAM) can reduce 
suspended sediment in run-off



Linear PAM

• Water soluble

• Molecular weight:  12-15 Mg mol-1;

• Charge:   moderately anionic  (15-20%)

Polyacrylamide (PAM) used in Soil 
Conservation Technology
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Untreated PAM

Field trials demonstrated 90% to 95% reduction in 
suspended sediments in sprinkler run-off



Auger metering pump used to inject emulsified 
liquid PAM into pressurized irrigation systems



Emulsified oil 
based 

formulations of 
PAM were 

shown to have 
aquatic toxicity



Developing a dry PAM applicator for pressurized 
irrigation systems

1. Develop and test prototype PAM tablet and dry product 
applicators for pressurized water systems. 

2. Evaluate the effectiveness of the dry PAM applicator to 
reduce sediment concentration in run-off from vegetable 
fields.  

Objectives: 



Potential benefits of a dry PAM applicator for 
pressurized irrigation systems

Granular and tablet formulations 
of PAM are less costly than 
liquid formulations

Avoid potential toxicity from 
mineral oil (used in emulsified 
PAM liquid products)

Eliminates the need for 
expensive metering pumps



Prototype PAM applicator

PAM CartridgeChamber

outlet

Inlet



Cartridge can hold tablet or granular PAM

Tablet PAM Granular PAM



Test stand to evaluate flow rate, dilution rate, and 
exposure time effects on dissolution of PAM



PAM 
applicator: 
Field testing 
prototype



PAM applicator field trial



 Sprinkler flow rate was 60 gpm
 Water was diverted into the PAM 

applicator by partially closing a valve in 
the main line.

 Diverted water passed sequentially 
through 3 PAM cartridges 

 Dilution of PAM water with total water 
was 1:3

PAM applicator field trial



Grab samples of run-off collected every 30 
minutes



Run-off from PAM treatment



Grab samples of run-off from field trial



Water Treatment
Untreated Control PAM
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Dry PAM applicator field trial: 
turbidity of sprinkler run-off



Lessons learned
 Dry PAM applicator shows potential for reducing 

suspended sediments (and pesticides) in run-off

 Applicator likely results in less than a 1 to 2 ppm 
PAM concentration in irrigation water.

 PAM cartridges may only need to be refilled once 
or twice per season

 Requires minimal labor to operate and PAM may 
cost less than $5 per acre

 Potentially could locate PAM applicator at the 
pump and filter station



Questions?
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