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Protect Water Resources  
Understand Pesticide Movement

The impact of pesticides on surface and groundwa-
ter has become an increasingly debated topic. For 
years the use of pesticides has helped to minimize 
the damage done by pest populations to agricultural 
crops while maximizing production. However, the 
same characteristics that make pesticides effective for 
pest control can create a potential for groundwater 
contamination.

The information presented here is designed to help 
pesticide users better understand how chemical prop-
erties, soil characteristics, site conditions and manage-
ment practices are likely to affect pesticide movement.

Who’s Responsible for Minimizing  
Pesticide Damage?
The user is ultimately responsible for minimizing the 
potential for pesticide movement into nontarget 
areas. The primary consideration should be whether 
the chemical is actually needed or if other nonchemi-
cal practices could be used. If pesticides are needed, 
it is essential that the user understand the factors that 
control the movement and persistence of pesticides in 
the environment.

Chemical Properties
Aqueous solubility refers to the capacity of a pesticide 
to dissolve in water. This capacity, commonly expressed 
as parts per million (ppm), i.e., one part of pesticide in 
one million parts of water, helps to define a pesticide’s 
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Read pesticide labels carefully
for precautionary information. Additional 

details can be found on the product Safety 
Data Sheet. For further information or product 

recommendations please contact your local 
Cooperative Extension Service office.

leaching potential. Generally, the higher the solubil-
ity, the greater chance that the pesticide may leach to 
groundwater. Pesticides with a solubility of less than 1 
ppm tend to remain on the soil surface and are normal-
ly attached to soil particles; they tend not to be leached, 
but may move with soil sediment into surface waters 
via soil erosion. Pesticides with a solubility greater than 
30 ppm are more likely to leach or move downward 
through the soil profile if they are not absorbed by 
plants, degraded or bound to the soil.

Persistence is a measure of how long it takes a pesti-
cide to degrade, often expressed as half-life, the time 
required for a pesticide to degrade to one-half of the 
original amount applied. Most degradation occurs at 
the soil surface or in the root zone, and is mainly due to 
the activity of soil bacteria or fungi and breakdown by 
sunlight. Degradation is usually slower in cool soils. In 
general, the longer the half-life, the greater the poten-
tial for groundwater contamination. Scientists have 
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classified pesticides with a half-life of less than 30 days 
as nonpersistent, whereas those with a half-life greater 
than 100 days are classified as persistent.

Adsorption is a process which results in the chemical 
bonding of a pesticide to soil particles. It is expressed as 
the “sorption index,” abbreviated Koc. The more strong-
ly a chemical is adsorbed, the higher the Koc value 
will be. A high Koc, greater than 1000, indicates that a 
pesticide is very strongly attached to the soil and that 
it is not likely to move unless soil erosion occurs. Those 
pesticides with values less than 300 tend to move more 
easily with water and have a greater potential for leach-
ing or movement with surface water. Typically, highly 
soluble pesticides are more weakly adsorbed in a given 
soil than those with low solubility. Adsorption may be 
the single most important characteristic for determin-
ing environmental fate. The sorption index of some 
pesticides is variable and can be greatly influenced by 
factors such as soil pH and soil organic matter.

Vapor pressure is a measure of volatility. Volatile pes-
ticides (those with high vapor pressure) easily change 
form, from a solid or liquid to a gas. The gas is usually 
not a direct threat to water resources, but drift may 
cause harm in nontarget areas or contribute to pesti-
cide levels in rain. Excessively volatile pesticides are lost 
quickly from warm, moist soil surfaces. Application of 
volatile pesticides is best done when there is little air 
movement and when soils are dry and cool. In high-
humidity areas, volatility is unlikely. 

Soil Characteristics
Soil permeability is a measure of how quickly water 
tends to move downward through the soil. It is primar-
ily determined by the texture and structure of a soil. 
Clay or loam soils are generally less permeable than 
those composed of larger soil particles such as sand or 
gravel.

Organic matter. The presence of organic matter or clay 
increases the soil’s ability to adsorb or tie up pesticides. 
Increasing soil adsorption can reduce pesticide move-
ment downward, but it may also result in the need for 
a higher application rate of soil-applied pesticides due 
to diminished pesticide activity. Detailed application 
information is provided on the product label.

Properties, characteristics and conditions that can affect pesticide movement

	 Risk of Groundwater Contamination

	 Low Risk	 High Risk

Chemical Properties
Water solubility	 low	 high
Soil adsorption	 high	 low
Persistence	 low	 high

Soil Characteristics
Texture	 fine clay	 coarse sand
Organic matter	 high	 low

Site Conditions
Pore spaces	 few, small	 many, large
Depth to groundwater	 deep, 100 ft. or more	 shallow, 20 ft. or less
Rainfall or irrigation	 small volumes at infrequent intervals	 large volumes at frequent 
intervals

Based on McBride, D.K. 1989. North Dakota State University Extension Service

The chemical 
properties of a 
pesticide help 
determine 
whether it will 
move off site by 
runoff or leaching.
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Soil microorganisms are most active in warm, moist 
soils. In northern climates, where soils are cooler, pesti-
cide degradation by microbial action is slowed. Wheth-
er soils are warm or cool, most microbial breakdown oc-
curs in the biologically active root zone. Therefore, it is 
important to keep pesticides from leaching beyond the 
root zone because breakdown is slowed at increased 
depths.

Texture is determined by the relative proportions of 
sand, silt and clay in a soil. Clays are comprised of ex-
tremely small particles and provide a large surface area 
for chemical adsorption to take place. In comparison, 
the particle size of sand is relatively large, resulting in 
less surface area and fewer bonding sites.

Site Conditions
In areas where water tables are close to the surface, 
potential for groundwater contamination is high. Other 
geologic conditions that can promote rapid leaching 
include thin soils, coarse-textured sandy or gravely soils 
with large pore spaces, glacial outwash, sinkholes or 
fractured bedrock. In situations where the above condi-
tions exist, pesticide application should be avoided.

Soil temperature can significantly affect the rate at 
which pesticide breakdown occurs. Cooler soil tem-
peratures tend to slow down the degradation process, 
lengthening pesticide half-life. In addition, solubility 
usually decreases and adsorption increases in cooler 
soils.

Pesticides should not be applied if there is a chance of 
heavy rain. Peak rainfall periods in some areas are fairly 
predictable and treatment during these times should 
be avoided. If heavy rains are received soon after pesti-
cide application is made, the chances for contamination 
from leaching or surface runoff are increased.

Management Practices for  
Groundwater Protection

	� Use integrated pest management (IPM) practices 
to reduce the reliance on chemical treatments. Incor-
porate mechanical, cultural and biological controls 
into your pest management plans.

	� Primary sources of groundwater contamination are 
mixing or loading pesticides near wellheads or 
other water sources. When filling a sprayer, make 
sure there is an air gap between the discharge end of 
the water supply hose and the spray tank, or install 
an antibacksiphon valve at any water source used 
to fill spray tanks. Maintain an adequate pesticide-
free buffer zone away from all water sources. Mix 

pesticides and rinse application equipment in the 
field when possible, applying the rinsate (a mixture 
of pesticides diluted by water, solvents, oils, com-
mercial rinsing agents or any other substances) in a 
manner that is consistent with the pesticide’s label.

	� Read and follow all pesticide label instructions. Never 
exceed legal application rates. Calculate and mea-
sure accurately. Use the lowest possible rate that is 
effective for the job. Purchase and mix only what you 
need.

	� Be careful not to move pesticides past the root zone 
by overirrigating.

	� Maintain spray equipment in proper working condi-
tion. Repair leaks, check calibration and spray pat-
terns often to prevent overapplication.

	� Prevent concentrated pesticide spills from occurring 
by securing containers against movement during 
transport. Be prepared for spills and leaks with clean-
up equipment and personal protective equipment.

	� Provide a secure area for pesticide storage, located 
well away from water sources.

	� Triple rinse, or use equivalent practices before crush-
ing used pesticide containers. Dispose of containers 
according to local regulations.
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