Environmental Fate of
Pesticides

2009



Environmental Fate of Pesticides

. % & :‘ -'Ir' L
o \“—"J - volatilization
Ao VP spray drift
b LA photodegradation .- ‘L}_\ :
%’ breakd J absorption ——
‘:‘%ﬂv-'" rearaown i A L Y D L g p——r
.:‘ ? i - & !

Rt i s E L L

adﬁnrptmn nhcmhlal hreahdnwn

chemical hreal-:dnwn _' |Eﬂ,:h,ng

Source: B.C. Ministry of Ag & Land

2009 UNIVERSITY of NEW HAMPSHIRE
C()()pC rrrrr th(,nsu)n



A Significant Amount of Pesticide Is
Lost at Appllcatlon
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As much as 55% of an applied pesticide may leave the application site due to
— Placement spray drift, volatilization, leaching, runoff, and soil erosion.
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Pesticide Characteristics

 Chemical characteristics of a pesticide
will determine how it behaves in the
environment
— Solubility
— Adsorption
— Half-life (Persistence)
— Volatility
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Pesticide Characteristics:
Solublllty

 How readily a pesticide dissolves
In a solvent (water Is the most

common solvent)

— Sugar and salt are household
examples

o Pesticides that are more soluble
are more likely to move with
water in surface runoff or
through the soil to groundwater
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Presenter
Presentation Notes
Solubility - does it dissolve in water?  A pesticide that readily dissolves in water is said to be water-soluble.  

Water-soluble pesticides are more likely to move with water. Water-soluble products can easily runoff with surface waters that don’t penetrate into the soil.  For water that moves through the soil, water-soluble pesticides are carried downward into the soil profile. Once in the soil, the question becomes where does the water go and how fast does it take for the pesticide to degrade?

Pesticides that are not water-soluble, don’t move readily with surface or subsurface waters.




Adsorption

¢ The binding of chemicals to soll
particles

**Higher with oil-soluble
pesticides

<Clay and organic matter /=
increase binding v

*»Decreases the potential for
a pesticide to move through
soil
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Presentation Notes
The adsorption characteristic is important to the fate of pesticides.  Adsorption, that is A-D-sorption, is the physical binding of the chemical to the outside of soil particles and organic matter.  Ad – means to add onto.  Adsorption is different from Absorption.  Absorption sucks material into something like a sponge sucking in water.  Adsorption is binding to the outside, like lint stuck on your shirt.

Pesticides that are oil-soluble or oil-loving tend to adsorb or bind to soil particles.  

Soil type is a key factor as to how much chemical is held by the soil particles.  Clay and organic soils have many, many binding sites and adsorb a lot of pesticide.

If pesticide is adsorbed or bound to the soil, it doesn’t move freely with the soil water and water contamination concerns are greatly reduced.


Knowing Soil Adsorption
Characteristics

e Pull a soil sample and
Include a request OM
levels

— UNH soil testing program
(35)

e Why?

— Some herbicide labels set
specific texture or OM

limits Do A Jar Test

 If you have a question
and need to know ASAP
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Persistence

 How long will a pesticide remain present
and active

* More persistent'pesticides provide s term
pest control
-~ But may harm sensitive plants and animals,
and

— May lead to illegal residues on rotational
crops
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Presenter
Presentation Notes
Persistence is another important characteristic when assessing impacts on the environment.  Persistence is the measure of how long a pesticide remains active before it degrades.

If you want long-term pest control, seek out a pesticide that’s persistent and doesn’t readily degrade.  But realize persistent pesticides don’t break down for some time and they can harm sensitive plants or animals.  Persistent pesticides also pose concerns for illegal residues on rotational crops that can pick up the chemical because the product was not labeled for that rotational site and no tolerance was set.


Volatility

» The ease with which a pesticide turns into
a gas or vapor

Temperature' |
Wind' nghgr
Volatility
B Humldltyl
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Presenter
Presentation Notes
Volatility is a characteristic of vapor pressure.  Depending on the temperature and humidity, and in some situations wind, a chemical changes from a liquid or solid state into a gas or vapor.  As a vapor it can move off-target with the air flow. 

Increases in temperature and wind increase the potential for volatility.  Also, lower humidity levels increase the potential for volatility.


Pesticide Characteristics:
Volatility

 Fumigants volatilize and move gas through
soll, structures or stored commodities

o Several herbicides are quite volatile and pose
harm when the vapor moves off target
— Labels may state cut-off temperatures for
application
— Labels may require pesticide to be incorporated
Into the soil
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Presenter
Presentation Notes
Fumigants are effective in their vapor state.  The vapor is the form that moves through soil particles during a soil fumigation or through cracks and crevices in structures, or grain kernels in stored grain.

However, under certain field conditions, some herbicides volatilize and move off-target, possibly reaching susceptible plants.  Because the manufacturers have screened their products for this characteristic, they put volatility warning statements on labels.  So look for cut-off temperatures listed for certain herbicides.  This is also why soil fumigant labels require immediate incorporation and soil-sealing.


Degradation: Microbial

e Important means for

destroying pesticide in soils — Q
e Some soil microorganisms §\
use pesticides as food | \ﬁ \
\A
IA4
N\

— bacteria and fungi
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Presentation Notes
Understanding how readily a pesticide degrades and how it degrades are also important.  

Microbial degradation is a primary means for destroying pesticides in the soil.

There are a number of microorganisms, like species of bacteria and fungi that use the pesticide as food.  As the microbes feed on pesticides, they break them down.


Soil Conditions that Favor Microbial
Degradation

- warm soil temperatures - aeration

- adequate soil moisture - fertility
- favorable pH - adsorption
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Presenter
Presentation Notes
Soil conditions that favor microorganism reproduction increase the degradation process.  So, soils that are warm, have adequate moisture and a favorable pH provide the right conditions for rapid pesticide degradation.  Also, soils with a good mix of oxygen, sufficient fertility and with pesticide adsorbed onto the soil, have increased degradation. 


Degradation: Chemical

e Non-living processes

e
=

o Hydrolysis:
HydrOWSIS — A chemical reaction with
™ OCCUFS— Wal’ier, ’Fy_plcally high in pH
e Fungicides/spray water
— with? B - Soil properties and
3 Hi'gh PH. conditions affect the rate
—— T and type of chemical
reactions
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Presenter
Presentation Notes
Non-living processes also cause degradation.  Simple chemical reactions occur in the soil.  Something as simple as the mixing of water and the chemical can result in hydrolysis that causes chemicals to break down.  Again, soil properties and conditions affect which chemical reactions take place and how quickly.


Photo-degradation

« Breakdown of pesticide by @@
- “r, 7
sunlight <

— For some herbicides,
Incorporation Is necessary to
prevent photo-degradation

 May be reduced by soill
Incorporation
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Presenter
Presentation Notes
The sun can cause chemical degradation.  You’ve probably experienced the effect of photodegradation, where the sun is responsible for chemical breakdown, like when your nylon tarp wears out.  Sunshine is very effective in breaking down chemicals.  Remember, this is why you hang your laundered pesticide application clothing out to dry in the sun.  Some chemicals break down so quickly they must be immediately incorporated into the soil.  Others can only be used indoors where the sun doesn’t shine.


Pesticide Movement
By air

— Vapor, particle, spray drift

By water

— Surface runoff

— Movement through soll

By other objects

— Residues on plants and animals
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Presentation Notes
To understand how pesticides might impact the environment, we have to look at how they move from the application site to other sensitive areas.

We’ll look at each of these pathways in detail. The major pathways are through air as vapors, dust or spray droplets, through surface water or soil water, or through plant or animal tissues removed from the application area.


Equipment Set Up: Droplet Size

The Larger the Spray

Droplet Size
—_ e I

O O@Om \
Ne Less Distance the ~ ©
Droplet Drifts
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Presenter
Presentation Notes
The basic principle to understanding drift is understanding droplet size.  Big droplets don’t drift. Small droplets tend to stay in the air for awhile prior to the effects of gravity causing them to settle to the surface.  You can manage drift by managing the droplet size. Consider making larger droplets.


Spray Drift Factors

e Equipment Set Up

— Nozzle size and pressure set to give an appropriate
size droplet to reduce drift

» Use nozzles that produce medium and coarse droplet
sizes

— Smaller orifice = smaller droplet
o Use lower pressures
— except with certain nozzles

— Boom height - drift potential increases as
distances increase
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Presentation Notes
The equipment can be set up to reduce the potential for off-target movement by recognizing the impact of droplet sizes and boom height.

Nozzle size and pressure determine droplet size.  When managing for drift, use larger droplets, like medium or coarse sized-droplets.  Select the appropriate nozzle size and pressure to deliver that size class.  Droplet size class may be stated on the label.  

The nozzle orifice is the size of the hole in the nozzle.  

As you increase the nozzle orifice size, your droplets become larger. As you decrease nozzle orifice size, droplet sizes get smaller.  

As you increase pressure, droplet sizes decrease. So, to manage for drift you typically use nozzles with larger orifices and at lower pressures. 

Boom height directly affects how long spray droplets stay airborne.  Drift potential is reduced when the boom is closer to the target.  Recognizing how far droplets can fall and drift can be accounted for within the application as long as the last pass is not made right up to the field edge.  You also need to realize that changing boom height can dramatically affect the spray pattern and coverage.  Follow manufacturer guidelines for equipment set-up.  
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Presenter
Presentation Notes
Because some labels actually state what size droplet class you must use, nozzle manufacturers have charts that detail droplet sizes based on the nozzle orifice and pressures.  Make sure you comply with label requirements.  Here the yellow M indicated medium sized droplets and blue indicates coarse sized droplets.  The chart shows what nozzle type, size and corresponding pressure gives what droplet class.


Spray Drift Factors

 Viscosity of Spray Mix
— Thickness of spray batch

— Invert emulsions — thick like mayonnaise — low
drift formulation

— Water-based formulations affected by
evaporation: temperature and humidity

— Drift-reducing adjuvants may form an increased
number of larger droplets
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Presenter
Presentation Notes
Viscosity of the tank mix is another factor that may be considered.  With thicker spray mixes, the droplets remain larger.  That’s the benefit of invert emulsion formulations.  Invert emulsions are oil-based and don’t readily evaporate. 

Water-based formulations are affected more by temperature and humidity. 

There are some drift reduction adjuvants or deposition aids on the market that increase the number of larger droplets.


Spray Drift Factors

e \Weather Conditions — Read the Wind

— What’s downwind?
Direction

— How far will it move?
Speed
e 0-3mph:

could be very stable with airflow, just not sure which direction
the air is moving

e 3-7 mph:
manage for off-target movement downwind

o >7 mph:
carries more material off-target
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Presentation Notes
You cannot change the weather, but you must be able to read the weather.

Wind is a key weather condition that must be measured.  

Wind direction is the most important factor.  You must know what is downwind.  You’re going to have some off-target movement with any spray application, so you’d better know what’s downwind.  You have to assess what precautions to take to protect that downwind area, when necessary.

Wind speed affects whether you can determine wind direction and also affects how far the ‘driftable’ droplets move.

When applying in winds that are below 3 mph, you can’t really determine the wind direction without using smoke or some other device. And the direction can easily fluctuate under low wind conditions.  Droplets still move, but you don’t know where and you can’t take the necessary precautions.

Applying in winds between 3 and 7 mph allows you to easily measure wind direction and you’re able to assess what’s downwind.  Since you know some material is going to drift, take steps to minimize off-target movement.

Excessive winds carry more product off-target and potentially reduce the effectiveness of your application. It may be unwise to spray under these conditions unless significant drift reduction measures are used.


Spray Drift Factors

e \WWeather Conditions

— Temperature — droplet evaporates to smaller
droplets as temperatures increase

— Humidity — droplets do not evaporate as humidity
INncreases
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Presenter
Presentation Notes
Temperature and humidity affect the life of the droplet.  As temperatures increase, droplets evaporate into smaller droplets.  As humidity decreases, evaporation also increases.  So you’d expect more ‘driftable’ droplets under conditions of high temperatures and low humidity.


Spray Drift Factors

e \Weather Conditions

— Temperature Inversion —air iIs STABLE with
minor air flow

« air at ground has cooled (heavier air)
e warm air as risen (lighter air)

¢ result iIs stagnant, stable air = inversion

*» long distance drift can result from
applications made during inversions
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Presentation Notes
Applying during a temperature inversion can result in very damaging, very long distance drift. Under an inversion condition, the air is very stable and it moves with any minor air flow.  Inversions occur when warm air, that is light, rises upward into the atmosphere and the cool air, that is heavy, settles near the ground.  With these conditions of warm air above cool air, there is no mixing of air, so the air is stable.  With stable air, the droplets that drift are not dispersed but stay in a concentrated mass and move with any subtle air flow.  You can even have winds during inversion conditions. 


Pesticide Movement: I1n Alr

Vapor Drift

e Certain products volatilize and move with
airflow off-target under warm weather
conditions (above 85°F)

e Check the label for
precautions for
cut-off temperatures

e Select low-volatile
formulations
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Presentation Notes
Now let’s consider vapor drift.  Vapor drift occurs when a pesticide changes to a gas form and moves off-target.  This occurs with several herbicides when temperatures warm up during the day.  

Check the herbicide label for precautions about vapor drift and follow any guidelines that stipulate cut-off temperatures.  Some labels state “do not apply if temperatures will exceed 85 degrees during the day”.  

If you have concerns with volatility, select low-volatile formulations.


Pesticide Movement: In Alr
Particle Drift

e Dust applications can drift

e Certain pesticides attach to soil particles,
remain active and can blow off-target

e Check the label for soil incorporation
precautions
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Presentation Notes
Certain pesticides remain active on the soil after application.  If the treated soil or road dust moves off-target, it can contain active pesticide.  Precautions are listed on the product label if particle drift is a concern.  

One method to manage for particle or dust drift is to immediately incorporate the pesticide into the soil with tillage, rainfall or irrigation. In this picture, a pesticide was applied along the road shoulder and was not incorporated.  Wind blew the soil into the adjacent field and caused damage.


Protect Bees and Other Pollinators

Do not apply toxic pesticides if there
IS bloom In the target area or In
nearby areas

Mow cover blooming
crops and weeds

Reduce drift

Apply early or late
when they are not
foraging
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Presentation Notes
Be aware of blooms in the area, whether it’s the crop or weeds that are blooming, or flowers in an ornamental bed. Broad-spectrum insecticides can kill individual bees, or be taken back by foraging bees and fed to the entire colony.  

If you have blooms, either mow them prior to making the application or don’t make the application. Be careful with spray drift that can reach blooming plants. Bees tend to be lazy and don’t forage early in the morning or late in the afternoon, so you may be able to time your application when they’re not present.


Protecting Water Resources

L
#

Avoid back-siphoning
into water source

anti-back-siphon
device

Keep fill hose
above water level
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The Water Cycle
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Pesticide Movement: in Water

e Pesticides can move Iinto water from a
Identifiable occurrence or from general

contamination

— Point Source

e Identifiable
source

— Non-point Source

e wide area contamination
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Presenter
Presentation Notes
Pesticides may get into water from either an identifiable source or from a general contamination.

We use the term Point Source for pollution that occurs from an identifiable source and we use the term Non-point Source if the source can’t be easily identified.


—— N
Runoff vs.

m”" Leaching
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Figure 3. Pesticides can pollute water through either
surface runoff or leaching.
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o Pesticides may enter a well directly from
spillage or back-siphonage, thus entering
the groundwater directly

— This is called point source pollution

e The best protection against groundwater
pollution Is prevention
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* To minimize pesticide leaching to
groundwater sources, consider the
following steps:

— Read the label
— Ask If the application Is needed

— Use alternative pest control methods
whenever possible

— ldentify and know the vulnerability of the
soil and leaching potential of the pesticide
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e Choose pesticides with the least potential
for leaching into the groundwater

e Follow directions on the label
o Apply pesticides at the appropriate time

 Measure the pesticide properly and
carefully
e Calibrate accurately and often

— During calibration, check the equipment for
leaks and malfunctions
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Don’t Forget What New
Hampshire Requires

* No pesticide applications within 400 feet of a
gravel packed well used as a public water
supply

* No pesticide applications within 250 feet of
other public wells

e Pesticide storage must be at least 75 feet from
any drinking water well

 If you are drawing water from surface
waters...you must use an anti-siphon device
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