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What is pesticide soil binding affinity?
Pesticide binding affinity (also called sorption) is the
attraction between a pesticide and particles of soil.
As you might imagine, the strength of attraction
varies and can depend on many complicated
factors. Figure 1 shows some of the factors that can
influence a pesticide’s soil binding affinity in the
environment.

Why is a pesticide’s potential to bind
to soil important?
When a pesticide binds tightly to soil particles, it
is less likely to move down through soil toward
shallow groundwater. However, if the pesticide is
near the soil’s surface, it may still be able to move
across the top of the soil and into surface water. For
example, when erosion occurs, water flows across
the soil surface. The flowing water can take soil
particles and bound up pesticides with it.1

Figure 1. Several factors that work together to drive pesticide
sorption in soil.1,3

Strongly bound pesticides may also stay around longer in the environment. Being bound to soil particles can provide
protection from things that break down pesticides, like sunlight, water, and microbes. Pesticides may also be less likely to
turn into a vapor when bound tightly to soil.2 In short, a pesticide’s potential to bind to soil is one of the key things that
determine where it may end up after application. If we know the binding affinity of a pesticide, we can better determine the
risk of using it in sensitive areas.
For example, let’s say that you are thinking about using a product containing fenoxaprop-p-ethyl to control grassy weeds.
You know that the area has a shallow water table and you are concerned about contaminating groundwater. Fenoxaprop-pethyl has low potential to bind to sandy soil, but a much higher potential to bind to clay soils and organic matter. Knowing
that the soil in your area is sandy, you might consider the risk to groundwater to be too high and select a more appropriate
pesticide.

How is a pesticide’s binding affinity (sorption potential) determined?
To determine a pesticide’s potential to bind to soil, studies are done both in the ground and in the laboratory. Typically, a
pesticide is added to soil and then mixed with water for 24 hours. Next, scientists measure the amount of pesticide that
ends up in water versus soil.2 The ratio of those amounts is called the Kd (distribution coefficient). The study doesn’t always
end here, though. The Kd reflects how a pesticide may bind to soil particles in the soil tested. This information may not be as
useful if a different type of soil is considered.2 More details on how these tests are performed can be found in peer-reviewed
science literature.

NPIC fact sheets are designed to answer questions that are commonly asked by the general public about pesticides that are regulated by
the U.S. Environmental Protection Agency (US EPA). This document is intended to be educational in nature and helpful to consumers for
making decisions about pesticide use.
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Scientists need a way to compare the binding affinity of multiple pesticides, regardless of the soil type and amount of
organic matter. So, to level the playing field and find a value that can be used for this comparison, the Koc is calculated. The
Koc is a sorption coefficient that has been normalized for organic carbon content.3 Pesticide Koc values range greatly, but
can be compared to others based on the scale in Figure 2.

What can influence a pesticide’s binding affinity in the
environment?
Soil isn’t just “plain ol’ dirt”. Soils are complex systems with a diverse physical and
chemical make up. This make up is incredibly variable and can change how pesticides
interact with the environment. Things like the soil texture and type, amount of water
present, temperature, and the way that a pesticide is applied can all play a role in a
pesticide’s potential to bind to soil. These factors can change from one place to the
next. This makes it difficult for scientists to report binding affinity values that can be
broadly used for all situations.2

Figure 2. Sorption coefficient
ranges for organic chemicals,
adapted from Ney (1995).1

Just because a pesticide has a high potential to bind to soil particles doesn’t mean
that it will do so in all types of soil. Soils that have lower clay content and/or organic
matter, for example, aren’t very attractive to pesticides. Why is that?

To start, the amount of sand, silt, and clay in a soil give it a unique texture. The more sand and silt a soil has, the less
attractive it is to an organic (carbon-based) pesticide. This is because the sand and silt particles (large and medium sized
particles) don’t have places for these pesticides to bind. Clay soils, on the other hand, are made of small particles that are
electrically charged. Clay particles also have many layers that attract and trap organic matter. This means that many types
of pesticides can be attracted and bind to clay particles.3 Soil organic matter also plays a role in how well pesticides bind.
Organic matter is broken down plant material like fats, carbohydrates, proteins, and waxes. It is structurally complex and
provides lots of places where water and pesticides can be held.3 So, soils that have more organic matter and clay are better
able to hold on to pesticides. For a list of some factors that can affect binding affinity, see Figure 1.

What happens to a pesticide once it binds to soil?
Pesticides could become bound to soils for a matter of hours to years, depending on the pesticide and soil type. Pesticides
that are tightly bound to soil may be protected from breaking down or becoming a vapor.2 They are less likely to get into
shallow groundwater. There is also less of a chance they will move across a surface with flowing water (except in the case of
erosion). Strongly bound pesticides tend to stay put in the soil. Because of this, repeated use of these chemicals in the same
spot can lead to accumulation or build up.
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In addition to erosion, there are other ways that bound pesticides can move away from a treated area. They can be
unbound by plant roots or animal ingestion of soil, and can be moved by people, wind, etc.1 When large amounts of
pesticides are poured or spilled all at once, the soil may become saturated. Pesticide-saturated soil may not bind pesticides
well. This means they may move in soil or down a slope more than expected.

Where can I find more information?
For more detailed information about pesticide binding affinity please see the list of referenced resources below or call the
National Pesticide Information Center, Monday - Friday, between 8:00am - 12:00pm Pacific Time (11:00am - 3:00pm Eastern
Time) at 1-800-858-7378 or visit us at npic.orst.edu. NPIC provides objective, science-based information about pesticides.
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NPIC is a cooperative agreement between Oregon State University and the U.S. Environmental Protection
Agency (U.S. EPA, cooperative agreement # X8-83560101). The information in this publication does not in any
way replace or supercede the restrictions, precautions, directions, or other information on the pesticide label or
any other regulatory requirements, nor does it necessarily reflect the position of the U.S. EPA.
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