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ABSTRACT: Pesticides are broken down by microbes, chemical reactions, and light or photodegradation. This process
may take anywhere from hours or days to years, depending on environmental conditions and the chemical characteristics
of the pesticide.
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LINTRODUCTION

Pesticides are frequently found in surface and groundwater. That statement, although true, does not by itself give a
complete picture of the situation. After decades of testing water for the presence of pesticides, very few samples have
been found to contain enough pesticide to be a human health concern. Rarely are concentrations found that could affect
small aquatic organisms or animals that feed on fish.

Several possible fates await a pesticide after it has been applied outdoors. The most common fates are listed below:

Absorption is the uptake of pesticide molecules into plant tissues. This action removes the pesticide from the
environment and prevents the pesticide from becoming a water contaminant.

Adsorption is the physical binding of pesticide molecules to soil particles. The strength of the bonds depends on the
interaction of the pesticide’s chemical properties, its concentration in the soil water, the soil pH, and the composition of
the soil (percent sand, silt, loam, clay, and organic matter). If bound to the soil, the pesticide is unlikely to leach or
runoff. Some highly soluble pesticides bind strongly with soil. The more clay particles and organic matter in the soil,
the more the pesticide is held by the soil and becomes immobile. Strongly adsorbed pesticide molecules do not leach or
move unless the soil particles to which they are adsorbed move (erosion) with water. The longer the molecules of a
pesticide are held, the more likely it is that microbiological degradation will occur, which reduces the risk of leaching and
runoff.[1,2,3]

Erosion is the movement of soil particles from the application site by heavy rains or excess irrigation. If the pesticide is
adsorbed to the soil particle, the pesticide is also being moved off-site.

Movement in runoff water occurs when soluble or insoluble pesticides move from the application site across the soil
surface, either dissolved or suspended in runoff waters. Pesticides dissolved or suspended in runoff water may quickly
reach surface waters such as lakes, streams and rivers. The water solubility of a pesticide will determine how readily the
pesticide will dissolve in water. A highly soluble pesticide has a greater potential of being washed from any surface it has
been applied to. Solubility is usually expressed as the maximum amount of pesticide that will dissolve in 1 liter (1.06
quarts) of water. Water solubility is measured in milligrams per liter (mg/l), which is equivalent to one part per million
(ppm). The larger this number, the more soluble a pesticide is in water.

Leaching to groundwater occurs when soluble pesticides move downward through the soil to the groundwater. A highly
soluble pesticide will tend to readily leach into groundwater.

Degradation: As soon as the pesticide is applied, it begins to break down or degrade into simpler compounds which are
usually less toxic. Each pesticide has its own speed of degradation, which depends on the active ingredient, the
formulation, and environmental conditions. There are both benefits and drawbacks to a long degradation time. The longer
a pesticide takes to break down, the longer it is present to control the insect, weed, or disease for which it was applied.
This is called residual activity. One drawback to extended residual activity, or persistence, is that the pesticide may also
be available for leaching or runoff over a longer period of time.

Degradation Processes

Photolysis (photocomposition): The degradation of chemicals by light is called photolysis, or photodecomposition.
Photolysis occurs on the plant, soil, water, or any other surface that sunlight reaches.

Hydrolysis: Water also degrades pesticides by dividing large molecules into smaller ones, breaking them down in the
process called hydrolysis. Hydrolysis of pesticides can occur on the soil surface, in the root zone, or whenever a source of
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water is available. Hydrolysis may be very active in warm water at or near the soil surface. As the water temperature
cools at depths below the root zone, the rate of hydrolysis slows. In deep groundwater, hydrolysis slows dramatically.

Microbiological Degradation: Microorganisms break down or degrade pesticides after application. Most microorganisms-
a category which includes bacteria, viruses, fungi, algae, and protozoa-live in the upper foot of soil where they find warm
temperatures, moisture, and organic matter, and where they do most of their work degrading pesticides. Microorganisms
are most active in soils having high organic matter. As the pesticide moves down below the root zone, microbiological
degradation decreases because of less favorable living conditions for the microorganisms.

Volatilization: A liquid chemical on a plant or soil surface can be converted into a vapor, which escapes into the
atmosphere. Pesticide vapors that drift through the air may be hazardous to plants, humans, and animals. Applicators
should read the label carefully to find warnings that will tell them that the pesticide is volatile. Look for a statement like
this in the Environmental Hazards section of the label: “Vapors from this product may injure susceptible plants in the
immediate vicinity.”

IL.DISCUSSION

The increasing use of pesticides during the past five decades has highlighted the potential risk posed by pesticides to the
environment. The unequivocal presence of pesticide residues in soil, sediment and water samples has raised public and
scientific awareness. Pesticides are exposed to environmental conditions and thus they can be degraded by the influence
of physical, chemical and biological factors, volatilized, adsorbed by soil colloids and transported offsite by surface
runoff and leaching. The quantity of each pesticide that can be found in soil, sediment and water bodies depends on the
significance of all the afore-mentioned processes. Moreover, agricultural practices followed during and after pesticide
application also influence the environmental dispersion of pesticides. Climate change, new technologies used in pesticide
formulation[4,5,6] (nanopesticides, resolved isomers), and new application-release strategies are expected to determine
the fate of pesticide in the soil-sediment-water environment.

There are several routes through which pesticides can contaminate the environment. Point-source or diffuse
contamination and pesticide dispersion to different environmental compartments is affected by several processes.
Pesticides are deliberately or unintentionally released to nearly all biospheres. There is evidence that soils, sediments,
surface- and ground-water bodies of agroecosystems are contaminated with variable levels of pesticide residues (ppt —
ppm range) [1]. Pesticide transport and degradation (dissipation) are the two main routes/causes that affect pesticide
toxicity and efficacy. Pesticide transfer includes volatilization, spray drift, wash and runoff, leaching, and lateral
drainage, whilst pesticide degradation encompasses photolysis, biotic and abiotic breakdown. Environmental
contamination by pesticides may also occur via dust generated during the sowing of coated/dressed seeds 2, **3.
Moreover, pesticide residues that remain in plant material can be released into the soil during litter breakdown [4].
Monitoring and modeling studies have been used to explore the fate of pesticides in soil-sediment-water. Results from
numerous monitoring studies have been used to calibrate and validate pesticide fate models and eliminate uncertainties
[5]. In this article, the issue being discussed involves what is currently known about the factors affecting pesticide fate
and distribution in soil, sediment, surface- and ground-water bodies through the prism of contamination preventing
actions.

Soil and sediments are the major deposits of pesticides (as these chemicals mostly settle there) affecting the overall
dispersion of pesticides to other environmental compartments. The mobility as well as persistence of pesticides is
controlled by their adsorption into soil. Organic matter and clay content/composition, soil minerals, soil pH and
temperature play an important role in pesticide adsorption into the soil

Pesticides can reach surface- and ground-water bodies from diffuse and point-source pollution sites. Diffuse
contamination by pesticides is responsible for the widespread detection of low pesticide concentration, whereas point
sources result in detection of high pesticide concentration. There are numerous ways for pesticides to reach and
contaminate surface water bodies. In view of climate change, pesticide use is expected to be affected. Increase in
temperature and changes in precipitation patterns (rainfastness) is expected to influence plant protection strategies and
increase the use of pesticides [3]. Climate change is expected to affect the fate of pesticides in the soil-sediment-water
environment.

III.LRESULTS

The use of organic residues as soil amendments to improve soil quality and fertility dates back thousands of years.
Animal manure and human sewage was already being applied to the soil by Greeks and Romans [38]. Waste products
such as crop residues, seashells, farmyard manure and others were previously used to enhance crop growth [39]. The use
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of organic residues as soil organic amendments is still a widespread and common practice in modern agriculture. In fact,
this agronomic practice is on the rise in Europe, the US, and many other countries. Its application improves soil
properties, maintaining soil health and productivity, while reducing the disposal of organic wastes into landfills, with the
consequent environmental benefits [40]. The restoration and maintenance of soil OM content is one of the main benefits
of the application of organic residues to agricultural soil because they add exogenous OM, which contributes greatly to
soil fertility and long-term use [41]. OM is the main soil property, as it supports and interrelates the biological, chemical
and physical dimensions of soil fertility and health [42]. Furthermore, because OM also contributes to the process of
sequestering carbon dioxide from the atmosphere (soil C uptake, and thus climate change mitigation), its improvement
has been championed at international forums on food security and climate change [7,8,9]

Regarding the benefits that organic amendments have for soil biological properties, they directly stimulate
microbial growth and biomass by providing energy and essential nutrients (especially N, P, K, Ca and Mg), or indirectly
by promoting plant growth, and consequently the amount of root exudates in the rhizosphere [44]. Moreover, the
presence of diverse substrates susceptible to enzymatic hydrolysis within the amendments stimulates soil microbial
activities [45]. Soil microbial diversity and composition could also be affected due to a higher availability of nutrients
and growth substrates present in the amendments, which increase the number of ecological niches and promote a variety
of ecological interactions, such as competition and/or antagonism between organisms [46]. The beneficial effects of
organic amendments on the biomass, activity, and diversity of soil organisms have a long-term beneficial impact on soil
health [47,48] and also contribute to different ecosystem services (C and nutrient cycling, disease suppression, etc.).
However, it is important to stress that microbial responses to the application of organic amendments vary greatly
depending on the nature and lability of the amendments’ OM [49].

Organic amendments also influence soil chemical properties in a positive way. Indeed, their favorable effects on
soil microbial communities are often linked to changes in soil chemical characteristics [50,51]. Several organic
amendments may have a direct effect on soil fertility by providing a wide variety of macro- and micro-nutrients, which
support plant and microbial growth [52]. In addition, they may affect soil pH and enhance the cation exchange capacity,
thus indirectly influencing nutrient availability, microbial activity and, therefore, soil fertility [53]. Nutrient availability
may be influenced by the amendment’s biochemical composition, and in particular by its carbon—nitrogen (C/N) ratio,
which may limit soil microbial growth and activity, thereby influencing the rate of OM decomposition and the patterns of
nutrient release [49,54].

Soil physical characteristics can also be positively influenced by the application of organic amendments.
Accordingly, the addition of exogenous OM directly improves soil structure (better porosity, aggregation and structural
stability) [S5] and water retention capacity [56], with the associated positive effects previously noted for soil performance
and crop productivity. In turn, the stimulation of soil microbial communities through the use of organic amendments may
also indirectly improve soil structure, as microbial activity (e.g., through the secretion of exopolysaccharides) and
particularly hyphal growth significantly influence soil aggregation and aggregate stability [57]. The increase in soil
porosity often reduces soil crusting and bulk density, thus favoring the movement of air and water through the soil
matrix, the exploratory capacity of plant root systems, and the development of a suitable environment for soil biological
communities [58]. Moreover, organic amendments influence particle size distribution, connectivity and the total surface
area within the soil, increasing the number and types of available niches for biological colonization [49].

The potential positive effects of organic amendments on the soil ecosystem depend on many factors, such as their
origin (forestry, farming, urban or industrial wastes, etc.), material stage (solid, semisolid, liquid), subjected or not to
treatments (composting, anaerobic digestion, etc.), composition, stability, maturity, and application frequency, method
and rate. Moreover, soil type, cropping system, and weather conditions are also important factors. In order to identify the
different properties, agronomic potential, and limitations of any given organic amendment for soil and crop health, a
thorough characterization of both the organic amendment and the agroecosystem itself needs to be performed before its
application [49]. In this sense, however, it is also important to stress that the use of organic residues as a soil organic
amendment is not devoid of risk. This agricultural practice may sometimes have unwanted effects on the environment
depending on the factors previously cited (nature, origin, dose of application, etc.). Some of the potential negative effects
analyzed and determined in the literature are the increase in soil electrical conductivity and its salinization, negative
impacts on the sensitivity and resilience of soil bacteria communities, and the release of pollutants into the soil and/or
waters (nitrate, heavy metals, antibiotics, polycyclic aromatic hydrocarbons, dioxins, PCBs, etc.) [51,59,60,61,62,63].

2.2. European Legislation on the Use of Organic Residues as Soil Amendments
Economic growth in the EU continues to increase the volume of residues generated. As a result, waste disposal has
become a social and environmental concern because it causes the unnecessary loss of materials and energy,
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environmental damage, and negative effects on health and quality of life. Landfills, for example, occupy space and can
pollute air, water and soil, while incineration leads to emissions of air pollutants. The long-term goal of EU waste
management policies is to decrease the amount of residues generated, and when their generation is unavoidable, promote
them as a resource and achieve higher levels of recycling and safe waste disposal, reducing the negative impacts on the
environment and health and ushering in an efficient “Recycling Society” [64].

Two common EU targets for 2030 are recycling 65% of municipal solid waste (MSW) and reducing the
corresponding landfill to a maximum of 10% of this figure [65]. In 2018, 5.2 tons of residues were generated per EU
inhabitant, and 38.7% of waste in the EU was landfilled and 38.1% was recycled [64]. According to the European
Compost Network [66], between around 118 and 138 million tons of bio-residues are generated annually across the EU,
of which only about 40% (equivalent to 47.5 million tons/year) is efficiently recycled into high quality compost and
digestate. Based on the Status 2019 report [66], a total of 47.5 million tons of bio-residues are treated in 4274 plants, and
the predominant treatment process is composting.

Considering that up to 50% of MSW is organic, the bio-residue fraction has a significant role in recycling and
developing the circular economy. Most of the MSW generated in the EU is still landfilled (24%) or incinerated (27%),
and less than half is recycled (31%) or composted (17%) [64]. According to the data available, there has not been any
increase in bio-residue recycling in recent years [67]. Moreover, waste management practices vary widely across EU
member countries, with many continuing to send large amounts of MSWs to landfills.

Soil health and quality have been seriously compromised in recent years by constant changes in land use and the
depletion of soil OM [68]. Indeed, approximately 45% of Europe’s topsoil (0-30 cm) has a low OM (<3.5%) content
[69,70], and the soils in Mediterranean regions are highly susceptible to its loss, with almost 75% recording a low (<2%)
or very low (<1%) OM content [71], whereby most of them are considered degraded. The reuse of organic residues as
soil amendments in agriculture is an ancient but increasingly popular practice that not only helps to reduce the
dependency on agrochemicals, but also constitutes an ecologically, economically, and socially acceptable alternative to
landfill disposal and incineration, contributing at the same time to the objectives of the EU policies of ‘“Zero Waste”,
“End-Of-Waste”, and the “Circular Economy Strategy” [46,72].

It should nonetheless be stressed that an organic residue must meet a series of requirements for its potential use as a
soil amendment. According to Commission Decision (EU) 2015/2099 of 18 November 2015 establishing the ecological
criteria for the award of the EU Ecolabel for growing media, soil improvers and mulch [65], the following definitions
apply: “1. Soil amendment means a fertilizer product incorporated into the soil in situ whose function is to maintain,
improve or protect the physical or chemical properties, structure or biological activity of the soil, with the exception of
limestone amendments, and 2. Organic soil amendment means a soil amendment that contains carbonaceous materials
whose main function is to increase the OM content of the soil”. Among the organic residues potentially applicable to soil
are those from the following activities: urban (sewage sludge (SS) or MSW), agricultural (crop residues), livestock
(manure and slurry), and agro-industrial (wine, beer, sugar and olive production, and mushroom cultivation) [38].

The addition of OM through organic amendments plays a major role in the fate of xenobiotic compounds including
pesticides [73,74]. The solid organic matter (SOM) and dissolved organic matter (DOM) of these amendments applied to
the soil may modify the physicochemical behavior of pesticides (e.g., adsorption—desorption, persistence, bioavailability,
degradation, and mobility), affecting soil quality and surface and ground waters [34,75,76,77,78,79]

Once a pesticide is introduced into the environment, whether through an application, a disposal or a spill, it is influenced
by many processes. These processes determine a pesticide's persistence and movement, if any, and its ultimate fate.

The fate processes can be beneficial. They can move a pesticide to the target area or destroy its potentially harmful
residues. Sometimes they can be detrimental, leading to reduced control of a target pest, injury of nontarget plants and
animals, and environmental damage. Of particular concern today is the movement of pesticides into groundwater.

Different soil and climatic factors and different handling practices can promote or prevent each process. An
understanding of the fate processes can help every pesticide applicator ensure that applications are not only effective, but
are also environmentally safe.

The fate processes

Fate processes fall into three major types: adsorption, transfer, and degradation (Figure 1).
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Figure 1
The three major fate processes of pesticides in the environment are adsorption, transfer and degradation.
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The adsorption process binds pesticides to soil particles, similar to iron filings or paper clips sticking to a magnet.
Adsorption often occurs because of the attraction between a chemical and soil particles. Positively charged pesticide
molecules, for example, are attracted to and can bind to negatively charged clay particles.

Many soil factors influence pesticide adsorption. Soils high in organic matter or clay are more adsorptive than coarse,
sandy soils, in part because a clay or organic soil has more particle surface area, or more sites onto which pesticides can
bind. Moisture also affects adsorption. Wet soils tend to adsorb less pesticide than dry soils because water molecules
compete with the pesticide for the binding sites.

Pesticides vary in their adsorption to soil particles. Some pesticides such as paraquat and glyphosate bind very tightly,
while others bind only weakly and are readily desorbed or released back into the soil solution.

One problem resulting from pesticide adsorption is reduced pest control. For example, weeds may not be controlled if a
herbicide is held tightly to soil particles and cannot be taken up by the roots of the target weeds. Some pesticide labels
recommend higher application rates when the chemical is applied to adsorptive soils.

Plant injury can be another problem resulting from adsorption of pesticides to soil particles. Injury can result when a
pesticide used for one crop is later released from the soil particles in amounts great enough to cause injury to a sensitive
rotational crop. This pesticide 3carry-over? can also lead to the presence of illegal residues on rotational food or feed
crops.

Adsorption is particularly important because it influences whether other processes are able to affect pesticides.

Pesticide transfer

Pesticide transfer is sometimes essential for pest control. For example, for certain preemergence herbicides to be
effective, they must move within the soil to reach the germinating seeds. Too much movement, however, can move a
pesticide away from the target pest. This can lead to reduced pest control, contamination of surface water and
groundwater, and injury of nontarget species, including humans. Five ways that pesticides can be transferred are through
volatilization, runoff, leaching, absorption and crop removal.[10,11,12]
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Volatilization

Volatilization is the conversion of a solid or liquid into a gas. Once volatilized, a pesticide can move in air currents away
from the treated surface. Vapor pressure is an important factor in determining whether a pesticide will volatilize. The
higher the vapor pressure, the more volatile the pesticide.

Environmental factors tend to increase volatilization. They include high temperature, low relative humidity, and air
movement. A pesticide tightly adsorbed to soil particles is less likely to volatilize; soil conditions such as texture, organic
matter content, and moisture can thus influence pesticide volatilization.

Volatilization can result in reduced control of the target pest because less pesticide remains at the target site. Vapor drift,
the movement of pesticide vapors or gases in the atmosphere, can lead to injury of nontarget species. Herbicide vapors in
particular can injure nontarget plants.

To reduce pesticide volatilization, avoid applying volatile pesticides when conditions are unfavorable, such as very hot,
dry days or when the soils are wet. Labels often provide warnings if there is a volatility hazard under certain conditions.

Labels for volatile pesticides may suggest adding the pesticide to the soil by tillage or irrigation during or shortly after
application. This helps to reduce volatilization by reducing the amount of exposed pesticide on the soil surface. Low-
volatile formulations are also available for some pesticides.

Runoff
Runoff is movement of water over a sloping surface. Runoff occurs when water is applied faster than it can enter the soil.
Pesticides can be carried in the water itself or bound to eroding soil particles.

The severity of pesticide runoff depends on the slope or grade of an area; the erodibility, texture and moisture content of
the soil; and the amount and timing of rainfall and irrigation. Pesticide runoff usually is greatest when a heavy or
sustained rain follows soon after an application. Over-irrigation can lead to excess surface water; it also can lead to
pesticide runoff, especially when an irrigation system is used to apply a pesticide.

Vegetation or crop residue tends to slow the movement of runoff water. Certain physical and chemical properties of the
pesticide, such as how quickly it is absorbed by plants or how tightly it is bound to plant tissue or soil, are also important.

Herbicide runoff can cause direct injury to nontarget plants. Insecticide and nematicide runoff into surface waters such as
streams and ponds can be particularly harmful to aquatic organisms. Pesticide runoff also can lead to groundwater
contamination and can cause injury to crops, livestock or humans if the contaminated water is used downstream.

Practices to reduce pesticide runoff include monitoring of weather conditions, careful application of irrigation water,
using a spray mix additive to enhance pesticide retention on foliage, and incorporating the pesticide into the soil.
Reduced-tillage cropping systems and surface grading, in addition to contour planting and strip cropping of untreated
vegetation, can slow the movement of runoff water and help keep it out of wells, sinkholes, water bodies and other
sensitive areas.

Leaching

Leaching is the movement of pesticides through the soil rather than over the surface. Leaching depends, in part, on the
pesticide's chemical and physical properties. For example, a pesticide held strongly to soil particles by adsorption is less
likely to leach. Another factor is solubility. A pesticide that dissolves in water can move with water in the soil. The
persistence, or longevity, of a pesticide also influences the likelihood of leaching. A pesticide that is rapidly broken down
by a degradation process is less likely to leach because it may remain in the soil only a short time.

Soil factors that influence leaching include texture and organic matter, in part because of their effect on pesticide
adsorption. Soil permeability (how readily water moves through the soil) is also important. The more permeable a soil,
the greater potential for pesticide leaching. A sandy soil is much more permeable than a clay.
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The method and rate of application, the use of tillage systems that modify soil conditions, and the amount and timing of
water a treated area receives after application can also influence pesticide leaching. Typically, the closer the time of
application to a heavy or sustained rainfall, the greater the likelihood that some pesticide leaching will occur.

A certain amount of pesticide leaching may be essential for control of a target pest. Too much leaching, however, can
lead to reduced pest control, injury of nontarget species and groundwater contamination.

Monitoring weather conditions and the amount and timing of irrigation can help minimize pesticide leaching. Careful
pesticide selection is important because those pesticides that are not readily adsorbed, not rapidly degraded, and highly
water soluble are the most likely to leach. Labels must be read carefully for instructions on the rates, timing and methods
of application. The label may also advise against using the pesticide when certain soil, geologic or climatic conditions are
present.

Pesticides can leach through the soil to groundwater from storage, mixing, equipment cleaning and disposal areas. Under
certain conditions, some pesticides can leach to groundwater from normal applications. The section "Pesticides and water
quality" provides further discussion on groundwater and safe handling practices to prevent contamination.

Absorption or uptake

Absorption or uptake is the movement of pesticides into plants and animals. Absorption of pesticides by target and
nontarget organisms is influenced by environmental conditions and by the chemical and physical properties of the
pesticide and the soil. Once absorbed by plants, pesticides may be broken down or they may remain in the plant until
tissue decay or harvest.

Crop removal

Crop removal transfers pesticides and their breakdown products from the treatment site. Most harvested food
commodities are subjected to washing and processing procedures that remove or degrade much of the remaining
pesticide residue. While we typically associate harvesting with food and feed products, it is easy to forget that pesticides
potentially can be transferred during such operations as tree and shrub pruning and turfgrass mowing.

Pesticide degradation

Pesticide degradation, or the breakdown of pesticides, usually is beneficial. Pesticide-destroying reactions change most
pesticide residues in the environment to nontoxic or harmless compounds. However, degradation is detrimental when a
pesticide is destroyed before the target pest has been controlled. Three types of pesticide degradation are microbial,
chemical, and photodegradation.

Microbial degradation

Microbial degradation is the breakdown of pesticides by fungi, bacteria, and other microorganisms that use pesticides as
a food source. Most microbial degradation of pesticides occurs in the soil. Soil conditions such as moisture, temperature,
aeration, pH, and the amount of organic matter affect the rate of microbial degradation because of their direct influence
on microbial growth and activity.

The frequency of pesticide application also is a factor that can influence microbial degradation. Rapid microbial
degradation is more likely when the same pesticide is used repeatedly in a field. Repeated applications can actually
stimulate the buildup of organisms that are effective in degrading the chemical. As the population of these organisms
increases, degradation accelerates and the amount of pesticide available to control the pest is reduced. In extreme cases,
accelerated microbial degradation has led to certain products being removed from the marketplace. Microorganisms
greatly reduce the effectiveness of these chemicals soon after application.[13,14,15]

The possibility of very rapid pesticide breakdown is reduced by using pesticides only when necessary and by avoiding
repeated applications of the same chemical. Alternating between different classes, groups or formulations of pesticides
can minimize the potential for microbial degradation problems as well as pest resistance.

Chemical degradation

Chemical degradation is the breakdown of pesticides by processes that do not involve living organisms. Temperature,
moisture, pH and adsorption, in addition to the chemical and physical properties of the pesticide, determine which
chemical reactions take place and how quickly they occur.
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One of the most common pesticide degradation reactions is hydrolysis, a breakdown process in which the pesticide reacts
with water. Many organophosphate and carbamate insecticides are particularly susceptible to hydrolysis under alkaline
conditions. Some are actually broken down within a matter of hours when mixed with alkaline water.

Product labels may warn against mixing a pesticide with certain fertilizers, other pesticides or water with specific
characteristics. Following these precautions can help prevent pesticide degradation and potential incompatibility
problems. In some situations, buffers or other additives may be available to modify spray mix conditions and prevent or
reduce degradation. Pesticide degradation and possible corrosion of application equipment can be avoided by not
allowing a spray mix to remain in a tank for a long period of time.

Photodegradation
Photodegradation is the breakdown of pesticides by light, particularly sunlight. Photodegradation can destroy pesticides
on foliage, on the surface of the soil, and even in the air.

Factors that influence pesticide photodegradation include the intensity of the sunlight, properties of the application site,
the application method and the properties of the pesticide. Pesticide losses from photodegradation can be reduced by
adding the pesticide to the soil during or immediately after application.

Pesticides and water quality

More than one-third of Missouri's population, including about 95 percent of the state's rural population, relies on
groundwater as a source of drinking water. Most Missourians obtain their water from various surface water supplies.
These water supplies are subject to contamination from many sources, including industrial and municipal waste, leaking
underground fuel storage tanks, road salts, agricultural fertilizers and pesticides.

| Water tabie T R
e (e .—\ .+ Unsaturated zone 3

—— Surface waler

Figure 2
The groundwater system.

The groundwater system

Groundwater lies below the soil surface and fills the pore spaces in and around rock, gravel, sand and other materials.
Contrary to popular belief, groundwater does not move through vast underground rivers and lakes, but through water-
saturated zones called aquifers (Figure 2).

The upper level of an aquifer is called the water table. The water table level fluctuates throughout the year, lowering as
water is removed from wells or discharged at streams and springs. The water table rises through recharge from rain and
melting snow that seeps through soil into the aquifer.
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For years it was believed that the natural filtering of water during its slow movement through the soil, sand, gravel and
rock formations was adequate to cleanse it of contaminants before it reached groundwater. Today, many chemicals,
including some pesticides, have been detected in groundwater. Studies have shown that recharge can carry pollutants
down to aquifers. Furthermore, it seems clear that human activities can lead to contamination of the recharge water.

Not all groundwater is similarly vulnerable to contamination by pesticides. The deeper the water table is below the soil
surface, the less likely that pollutants will reach groundwater. A deep aquifer provides more opportunities and time than
does a shallow aquifer for pesticide adsorption, degradation and other processes to occur.

The permeability of the geologic layers between the soil surface and the groundwater is also important. If the materials
above the water table are very coarse, such as sand or gravel or highly fractured rocks, water can move to groundwater
more readily than if less permeable layers of clay or solid rock are present.

Bedrock such as limestone can make groundwater particularly prone to contamination, because it dissolves easily to form
channels and depressions in the land surface. The depressions, called sinkholes, can provide a direct connection between
the soil surface and the groundwater below. Contaminated water that drains into a sinkhole can readily enter
groundwater, because the soil that lines the bottom of a sinkhole is often thin and provides little filtering of pollutants that
enter.

Wells

A well is a direct conduit from the land surface to groundwater. The method of well construction, the frequency of well
inspection and maintenance, and the proximity of a well to a pesticide source are important factors determining the
potential for contamination.

Pesticides can reach groundwater by moving along the outside of the well casing or by entering an improperly capped or
sealed well (Figure 3). Well casing forms the wall of a well. A cement compound of grout is forced into the space
between the bore hole and the outside of the well casing to prevent water and contaminants from moving down along the
outside of the casing into groundwater. Gravel, sand and other permeable materials are not adequate. The top of the
casing is capped about 8 inches above the ground or at least high enough to prevent surface water from entering the top
of the well.

Figure 3
Cross section of upper portion of capped well.

Potential sources of contamination include sites used for storage, mixing, loading, disposal, or application of pesticides or
where equipment is cleaned. Wells should be safe from both surface and subsurface contamination from such sources.
Soil can be graded, or diversion terraces or ditches can be built upslope to intercept or divert surface runoff from the
wellhead. Monitoring the area around a well can ensure that changes in land use do not increase the risk of
contamination. Situating a well at least 10 feet from a building makes it accessible for maintenance and
inspection.[16,17,18]
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Improperly closed or abandoned wells can contribute to groundwater contamination. The procedures for proper well
closing can depend on site condition, but wells should be filled in such a way as to prevent water movement within the
drill hole.

The surface water system

Surface water is water stored or flowing at the earth's surface: natural bodies of water such as rivers, lakes and wetlands,
as well as constructed (artificial) water reservoirs such as canals, man-made lakes, and drainage ditches. The quantity and
quality of surface water is important for many activities: consumption, recreation, transportation, waste assimilation,
agricultural production and industrial use.

Surface water is linked to both groundwater and atmospheric water through the hydrologic cycle. Surface water moves
into groundwater by infiltrating the soil and percolating downward; it also enters the atmosphere through evaporation and
transpiration. Likewise, water from the atmosphere and groundwater can recharge surface waters. Atmospheric water
falls as precipitation: rain, sleet, hail and snow. Groundwater that moves to the earth's surface contributes to the base flow
of streams, lakes, wetlands and other waterways.

Precipitation initially infiltrates the top layers of the soil. Continuing precipitation may saturate the upper few inches of
the soil, temporarily exceeding its capacity to hold water. Water accumulates on the land surface and moves to lower
elevations through surface runoff and may occur across a small or large area.

A surface water system is characterized by its watershed or drainage basin. A watershed is the area of land draining to a
specific river; the boundary is defined by the region's topography. Missouri's watersheds vary in size and can be nested
within other larger watersheds. Land use within a watershed largely determines the quality of the local surface water. The
quality of water leaving a watershed can, in turn, affect the cumulative quality of water far downstream. For example,
pesticides detected in a city's drinking water supply could come from lawn and other urban uses or from an upstream
watershed where agriculture is predominant. The previously discussed fate processes affect the levels of contaminants
found in surface water.

Protecting water sources

It is difficult to clean water once it has become contaminated. Treatment is complicated, time-consuming, expensive, and
often not feasible. The best solution to water contamination is to prevent it in the first place. The following pest
management and pesticide handling practices can reduce the potential for contamination.

Practice integrated pest management

Pesticide application should be timed carefully and combined with other pest management practices. Pests should be
identified accurately and pesticide applications made only when necessary, using the least amount needed for adequate
pest control. Minimizing pesticide use cuts expenses and reduces potential for environmental problems.

Select pesticides carefully

Those pesticides that are not adsorbed to soil particles, are highly water soluble, and are relatively stable have the greatest
potential to leach through the soil. Read pesticide labels carefully for information and restrictions about the rate, timing,
and placement of the pesticide in that container. These factors affect the potential for leaching. Also note any water
advisories or other water protection guidelines on the label.

Consider the vulnerability of the area

Determine how susceptible soil is to leaching. Soil texture, organic matter content, and permeability affect pesticide
movement. Determine as accurately as possible the water table depth and the relative permeability of the geologic layers
between the soil surface and the groundwater. Sinkholes can be especially troublesome because they allow surface water
to reach groundwater quickly with little natural soil filtering.

Consider the location and condition of wells

Wells should be properly capped and sealed to prevent groundwater contamination. Grade the area around a wellhead to
keep runoff away from the well. Pesticides spilled near wells can move directly and rapidly into groundwater. Some
recommendations advise against mixing, storing, or disposing of pesticides within 100 feet of a well. Properly close all
abandoned wells, and never dispose of wastes in unused wells.
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Measure accurately

Carefully calculate how much pesticide concentrate is needed to treat the specific site with the equipment being used.
Careful calculations not only can save money by reducing the amount of pesticide used, but can help eliminate disposal
problems associated with excess spray mix.

Calibrate accurately
Calibrate equipment carefully and often to be certain the proper amount of pesticide will be applied. Check the
equipment for leaks and malfunctions to minimize the potential for accidents or spills.

Mix and load carefully

Handle pesticides carefully to avoid spills. Mix and load pesticides on a concrete surface to avoid saturating the soil. Fill
the spray tank as far from the water source as possible. Increase the length of the water hose or fill the tank in the field
using an alternative water source. Never leave a spray unit unattended when filling.

Prevent back-siphoning

To prevent pesticides from back-siphoning into the water supply, keep the end of the fill hose above the water level in the
spray tank. Use an anti-backflow device (check valve) on the fill hose, especially when siphoning water directly from a
pond or stream. Proper well construction includes check-valves to prevent back-siphoning; check-valves can be added to
an existing system.

Consider weather and irrigation

If you suspect heavy or sustained rain, delay the pesticide application. Runoff and leaching are favored by rainfall soon
after application. The quality of irrigation water should be carefully controlled to minimize the potential for pesticide
leaching and runoff.

Store pesticides safely

Minimize your pesticide inventory by buying only what is needed for a season or a specific spray job. The storage area
should be away from all water sources. A concrete floor sealed with an impervious material eases cleanup in case of a
spill or leak. Inspect containers regularly for leaks and corrosion. Bulk pesticide storage tanks should be inspected
frequently and placed on concrete pads with dikes built around them to prevent the movement of pesticides if there is a
spill or leak.

Dispose of wastes carefully

Follow all label instructions and restrictions when disposing of pesticides. Triple rinse or pressure rinse containers as
soon as they are emptied and pour the rinsate into the spray tank. Excess spray mix and rinsates from equipment cleaning
can be sprayed on another site or crop listed on the label. A source of water at the application site makes it easier to rinse
equipment and to spray rinsates in the field. Where practical, excess spray mix or rinsates can be held in a tank for use in
later spray mix.

Never dispose of pesticides or pesticide containers near a water source, over shallow water tables, in sinkholes or in
abandoned wells

Excess pesticide concentrates can be given to another qualified user, safely stored until there is a hazardous waste
collection day, or disposed of through a hazardous waste transporter.

Prevent spills

If a spill does occur, it should be contained and cleaned up immediately. Repeated pesticide spills in the same area can
exceed the capacity of the soil to adsorb or degrade the chemical and can increase the likelihood of groundwater
contamination.

Leave buffer zones around sensitive areas

When mixing, applying, storing or disposing (including cleanup) of pesticides, be aware of sensitive areas. These include
springs, streams, ponds, wetlands and other surface waters; wells and groundwater recharge areas; and sinkholes.
Establishing vegetation and leaving an untreated border are two ways to provide a buffer zone between sensitive areas
and pesticide use or handling sites.[19,20]
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IV.CONCLUSION

The fate of a pesticide and the likelihood of a pesticide moving into water are affected by the pesticide's chemical and
physical properties, soil and geologic characteristics, climatic conditions, and pesticide handling practices. Each factor
must be considered when determining the susceptibility of water to pesticide contamination.[20]

Missouri aquifers and surface water supplies currently provide a vast supply of water for use in agriculture, homes and
industry. They can remain a source of high-quality water for future needs only if they are protected now. Be sure to
understand how your activities, including your handling and use of pesticides, may affect them. Seek assistance if you
have questions or problems.[20]
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