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Pesticide Losses to the EnvironmentPesticide Losses to the Environment

http://scarab.msu.montanan.edu



Hydrologic CycleHydrologic Cycle

www.uwsp.edu



Effective and profitable pest Effective and profitable pest 
management and environmental management and environmental 
sustainability requires understanding sustainability requires understanding 
pesticides, soils, and landscape pesticides, soils, and landscape 
characteristicscharacteristics



• Challenged to Challenged to predict fatepredict fate under under 
diverse environments and scales.diverse environments and scales.

•• Increasingly Increasingly rely on modelsrely on models
because measurements are not because measurements are not 
possible at every site.possible at every site.

•• Models must include Models must include critical critical 
variablesvariables affecting activity and affecting activity and 
fate.fate.



Environmental ConsiderationsEnvironmental Considerations

http://cru.cahe.wsu.edu



• pesticide propertiespesticide properties
•• soil propertiessoil properties
•• landscape characteristicslandscape characteristics
•• climatic conditionsclimatic conditions
•• management practicesmanagement practices

Contamination RiskContamination Risk



• retention by soilretention by soil

•• persistencepersistence

Pesticide PropertiesPesticide Properties



• pesticide polarity (solubility)pesticide polarity (solubility)

•• organic matter and clay contentsorganic matter and clay contents

Retention by SoilRetention by Soil



SolubilitiesSolubilities of Some Pesticidesof Some Pesticides
•• Tordon (Tordon (piclorampicloram) = 430 ) = 430 ppmppm
•• 2,42,4--D = 890D = 890
•• Assert (Assert (imazamethabenzimazamethabenz) = 1,370) = 1,370
•• Ally/Escort Ally/Escort solubility is pHsolubility is pH--sensitivesensitive

((metsulfuronmetsulfuron))
1,750 (pH 5)1,750 (pH 5)
2,790 (pH 7)2,790 (pH 7)
213,000 (pH 9)213,000 (pH 9)

•• Roundup (Roundup (glyphosateglyphosate) = 15,700 (pH 7)) = 15,700 (pH 7)
(pH(pH--sensitive; salt forms are more soluble)sensitive; salt forms are more soluble)

•• ParaquatParaquat = 620,000 (salt of = 620,000 (salt of cationcation))



• Adsorption partition coefficientAdsorption partition coefficient ((KdKd))

KdKd = = pesticide concentration in  soilpesticide concentration in  soil
————————————————————————————————
pesticide concentration in solutionpesticide concentration in solution

•• Organic carbon partition coefficient (Organic carbon partition coefficient (KocKoc))

KocKoc = = KdKd
—————————————————————————— ×× 100100
percent soil organic carbonpercent soil organic carbon

Retention by SoilRetention by Soil



Pesticide Retention in SoilPesticide Retention in Soil

Organic MatterOrganic Matter
(highly retentive)(highly retentive)

SandSand
(no retention)(no retention)

www.soilhealth.com



KocKoc of Common Pesticidesof Common Pesticides
(weakly retained)(weakly retained)

•• Banvel (Banvel (dicambadicamba)= 2)= 2
•• Stinger (Stinger (clopyralidclopyralid)= 6)= 6
•• Pursuit (Pursuit (imazethapyrimazethapyr)= 10)= 10
•• Tordon (Tordon (piclorampicloram) = 16) = 16
•• 2,42,4--D = 20D = 20
•• Assert (Assert (imazamethabenzimazamethabenz) = 50) = 50



KocKoc of Common Pesticidesof Common Pesticides
(strongly retained)(strongly retained)

•• Python (Python (flumetsulamflumetsulam) = 700) = 700
•• Methyl Parathion = 5,100Methyl Parathion = 5,100
•• LorsbanLorsban ((chlorpyrifoschlorpyrifos) = 6,070) = 6,070
•• TreflanTreflan ((trifluralintrifluralin) =) = 7,0007,000
•• Roundup (Roundup (glyphosateglyphosate) = 24,000 *) = 24,000 *
•• BuctrilBuctril ((bromoxynilbromoxynil) = 10,000) = 10,000
•• Capture (Capture (bifenthrinbifenthrin) = 216,500) = 216,500
•• ParaquatParaquat =1,000,000 * =1,000,000 * 

* * Strongly bound but also highly water solubleStrongly bound but also highly water soluble



• relative longevityrelative longevity

•• based on halfbased on half--life (tlife (t1/21/2))
or or ““time for 50% disappearancetime for 50% disappearance”” (DT(DT5050))

•• inherent degradability of pesticideinherent degradability of pesticide

•• microbial degradation decreases with       microbial degradation decreases with       
increasing soil depthincreasing soil depth

•• actual persistence may be highly actual persistence may be highly 
variablevariable

Pesticide PersistencePesticide Persistence



HalfHalf--lives of some common lives of some common 
pesticides (in days)pesticides (in days)

•• Malathion = 1 Malathion = 1 
•• 2,42,4--D = 10D = 10
•• BanvelBanvel/Clarity (/Clarity (dicambadicamba)= 14)= 14
•• Ally (Ally (metsulfuronmetsulfuron) = 30 ) = 30 
•• Stinger (Stinger (clopyralidclopyralid) = 40) = 40
•• Assert (Assert (imazamethabenzimazamethabenz) = 45) = 45
•• Roundup (Roundup (glyphosateglyphosate) = 47) = 47
•• Tordon (Tordon (piclorampicloram) = 90) = 90
•• Spike (Spike (tebuthiurontebuthiuron) = 360) = 360
•• ParaquatParaquat = 1,000= 1,000



• texturetexture
•• organic matter contentorganic matter content
•• structure and structure and macroporesmacropores
•• antecedent moisture contentantecedent moisture content
•• pHpH

Soil CharacteristicsSoil Characteristics



• depth to groundwaterdepth to groundwater
•• proximity to surface waterproximity to surface water
•• topographytopography
•• slopeslope
•• rainfall and irrigationrainfall and irrigation
•• drainage ways and buffersdrainage ways and buffers

Site and Landscape FeaturesSite and Landscape Features



Factor Guideline
Pesticide properties

long half-life
low-moderate adsorption

high solubility

greater than 21 days
Koc less than 500
Kd less than 10
greater than 30 ppm

Soil characteristics
sandy soil, low organic matter less than ~1% OM

Site features
shallow groundwater
permeable overburden
excess irrigation

less than 30 feet deep

Factors that increase pesticide leaching potentialFactors that increase pesticide leaching potential



Pesticide
Leaching Risk

Dams, Fluvaquents, Gravel Pits and Water

Organic Matter, Clay Content, pH, 
Free Water, Index Surface Runoff, 

Koc and Half-Life

Combined Chemical 
and Landscape 

Perspective

Data Inputs

Small Koc / Long Half-Life

Intermediate Koc and Half-Life

Large Koc / Short Half-Life

High Low



Factor Guideline
Pesticide properties

moderate adsorption (solution runoff)
strong adsorption (particle-ads runoff)

Koc 50 to 5,000
Koc > 5,000

Soil characteristics
soil compaction and poor structure
high antecedent moisture

low permeability

Site and landscape features
slope
surface waterways

Climatic variables
rainfall causing runoff event within ~15 d of app.

Factors that increase pesticide runoff potentialFactors that increase pesticide runoff potential



Univ Nebraska Coop Ext EC 96-143 Pesticide Runoff and Water Quality in Nebraska



Pesticide
Runoff Risk

Dams, Fluvaquents, Gravel Pits and Water

Organic Matter, Clay Content, 
Index Surface Runoff, Water
Buffers / Flooding, and Koc

Combined Chemical 
and Landscape 

Perspective

Data Inputs

Small Koc

Intermediate Koc

Large Koc

High Low

Loss in 
Solution



pH (0 pH (0 –– 2 inches)2 inches)

USDA Soil Conservation Service. 1994. State 
Soil Geographic Database (STATSGO), User’s 
Guide. Miscellaneous Publication No. 1492, 
National Soil Survey Center, Lincoln, NE.



Pesticides Pesticides areare affected by soil pHaffected by soil pH
•• acids or bases (acids or bases (pKapKa))
•• affects soil retention, availability, affects soil retention, availability, 

mobilitymobility
•• persistence (biotic and persistence (biotic and abioticabiotic

degradation)degradation)
•• activity (soil residual, plant uptake activity (soil residual, plant uptake 

and hydrolysis of ester formulations)and hydrolysis of ester formulations)



Acidic Herbicides form Acidic Herbicides form anionsanions::
[HA] = [H+] + [A-]
Anions are weakly held by soil.Anions are weakly held by soil.

Basic Herbicides form Basic Herbicides form cationscations:
[B] + [H+] = [HB+]
CationsCations are strongly held by soil.are strongly held by soil.

Speciation is determined by pHSpeciation is determined by pH
in relation to in relation to pKapKa



The The pKapKa is the pH at which half is the pH at which half 
of the molecules are neutral and of the molecules are neutral and 
half are negatively charged half are negatively charged 
(acidic herbicides) or positively (acidic herbicides) or positively 
charged (basic herbicides).charged (basic herbicides).

What is What is pKapKa??



Acidic Herbicide Example: 2,4Acidic Herbicide Example: 2,4--DD



Herbicides Affected by pHHerbicides Affected by pH
((45+ products in total45+ products in total))

•• AtrazineAtrazine (base, (base, pKapKa = 1.7)= 1.7)
•• BladexBladex ((cyanazinecyanazine, base, , base, pKapKa = 1.1)= 1.1)
•• Sencor/LexoneSencor/Lexone ((metribuzinmetribuzin, base, , base, pKapKa = 1.0)= 1.0)
•• Accent (Accent (nicosulfuronnicosulfuron, acid, , acid, pKapKa = 4.3)= 4.3)
•• BanvelBanvel/Clarity (/Clarity (dicambadicamba, acid, , acid, pKapKa = 1.9)= 1.9)
•• Beacon (Beacon (primisulfuronprimisulfuron, acid, , acid, pKapKa = 5.1)= 5.1)
•• Curtail/Stinger (Curtail/Stinger (clopyralidclopyralid, acid, , acid, pKapKa = 2.3)= 2.3)
•• Permit/Battalion (Permit/Battalion (halosulfuronhalosulfuron, acid, , acid, pKapKa = 3.4)= 3.4)
•• Pursuit (Pursuit (imazethapyrimazethapyr, acid, , acid, pKapKa = 3.9)= 3.9)
•• 2,42,4--D (acid, D (acid, pKapKa = 2.8)= 2.8)



Effect of pH on RetentionEffect of pH on Retention

7.56.55.5

Kd

(acids and bases)(acids and bases)

pH

strongly 
adsorbed

weakly
adsorbed



7.56.55.5

t 1/2

Biotic

Abiotic

pH

Effect of pH on DegradationEffect of pH on Degradation

Acid-Sensitive 
Herbicides

Alkali-Sensitive 
Herbicides

persistent

not
persistent

Biotic



Herbicide pH Influence Result

Atrazine
Simazine

>7.0 Slow 
degradation

Increased carryover
Greater risk

Atrazine
Simazine

<5.5 Increased 
retention
More 
hydrolysis

Reduced weed control

Decreased risk

Clorimuron >7.0 Slowed 
hydrolysis

Increased carryover
Greater risk

Imazethapyr <5.5 Increased 
retention
Slow
degradation

Increased carryover

Greater risk

Effect of Soil pH on Herbicide ActivityEffect of Soil pH on Herbicide Activity
and Environmental Riskand Environmental Risk



Management PracticesManagement Practices
•• Pesticide LoadPesticide Load

application rateapplication rate
percent of soil treated percent of soil treated 

(band (band vsvs broadcast)broadcast)
•• Residue Cover Residue Cover 

percent of surface and amountpercent of surface and amount
•• Method of ApplicationMethod of Application

soil surface, incorporated, canopysoil surface, incorporated, canopy
•• Precipitation/Irrigation TimingPrecipitation/Irrigation Timing

intensity, duration, amountintensity, duration, amount
•• Soil Surface RoughnessSoil Surface Roughness

tillage operation and timingtillage operation and timing

www.sare.org



WINWIN--PSTPST
(Windows Pesticide Screening Tool)(Windows Pesticide Screening Tool)
USDAUSDA--NRCSNRCS

University of Nebraska ModelsUniversity of Nebraska Models
(later presentation at this workshop,(later presentation at this workshop,
M. Milner et al.)M. Milner et al.)

Management and FateManagement and Fate
Predictive Models and ToolsPredictive Models and Tools



Effective ModelingEffective Modeling

Best spatial dataBest spatial data –– Integrate terrainIntegrate terrain--
based landscape, hydrology, SSURGO based landscape, hydrology, SSURGO 
and climate data with chemical properties and climate data with chemical properties 
and management practicesand management practices



Thank YouThank You

Questions?Questions?
pshea1@unl.edupshea1@unl.edu

402402--472472--15331533

mailto:pshea1@unl.edu
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