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OVERVIEW
In Unit 6, we discussed the use of fertilisers and their impacts on soil and groundwater. In the present Unit (i.e., Unit 7), we will discuss properties and types of pesticides, and the environmental consequences due to their extensive usage (in this Course, we use the terms pesticide and pesticides interchangeably). Historically pesticide was used to combat pests, and earlier pesticides were inorganic substances or extracts of organic substances from plants (like nicotine from tobacco).  However, pesticides developed during the last 50 years are synthetic organic compounds that not only kill the targeted organisms, but also other organisms that are helpful to plants, affecting their growth and development. These are generally characterised by low aqueous solubility, strong sorption to soil components and possess broad-spectrum of side effects. These pesticide properties are known to promote accumulation in the environment and can cause adverse impacts on the aquatic ecosystems via persistence and biomagnification. 

We begin this Unit with the discussion of properties of pesticides, and the potential loss of pesticides from soil to groundwater by processes such as volatilisation (and subsequent loss to atmosphere), decomposition, retention by the soil and transport by water. We will then explain the movement of pesticides in soil.  Four processes influence the movement of pesticides in the soil. The first two processes reduce the total amount of pesticides available for downward movement, the third decreases the availability of the existing amounts for downward movement, and the fourth has to do with the adequacy of the processes to cause movement. We also discuss how these processes and movement of pesticides in soil contribute to degradation and leaching, which ultimately affect the soil and groundwater quality. Subsequently we will introduce you to the types of pesticides and the most commonly used ones.  Next we will discuss their impacts on soil and groundwater, and conclude the Unit with the discussion on the appropriate uses of pesticides. To read and understand this Unit you require about 12 hours.

LEARNING OBJECTIVES

After completing this Unit, you should be able to: 

· explain properties of pesticides;

· describe the movement of pesticides in soil; 

· discuss types of pesticides and their impacts on soil and groundwater;

· suggest appropriate uses of pesticides. 
 

7.1
PROPERTIES OF PESTICIDES

Modern agriculture continues to change rapidly in response to the demands of the growing population. These demands have contributed to the gradual intensification of agriculture through expansion of agricultural fields, genetic uniformity of crops (species, cultivar and genotype levels), increase in plant diversity, specialisation and mechanisation. Faced with increasing pest problems coupled with changing economic and labour conditions, farmers are relying on crop protection measures. Pesticide is a substance or mixture of substances intended for preventing, destroying or controlling any pest, including vectors of human or animal disease, unwanted species of plants or animals causing harm or otherwise interfering with the production, processing, storage, transport, or marketing of food, agricultural commodities, wood, wood products or animal feedstuffs, or which may be administered to animals for the control of insects, mites/spider mites or other pests in or on their bodies. The term includes substances intended for use as a plant growth regulator, defoliant, desiccant, or agent for thinning fruit or preventing the premature fall of fruit, and substances applied to crops either before or after harvest to protect the commodity from deterioration during storage or transport (http://www.iupac.org). The developments in crop protection have created some problems, like pesticide resistance, secondary pest outbreaks and host plant resistance breakdown. In addition, the environmental pollution and hazards posed by some aspects of high input agriculture have led us to seek more sustainable and viable alternatives. 

The ideal outcome of pesticide use occurs when a pesticide accomplishes the purpose for which it was applied and then rapidly breaks down into harmless components such as carbon dioxide and water in the environment. This happens in most cases, but the process and time vary depending on the physical, chemical, and biological characteristics of the pesticide.  The fate of a pesticide may be affected by factors such as volatility and/or drift, method of application, type of formulation, soil and plant characteristics, solubility of the pesticide, adsorption on soil or plant surfaces, the persistence of the pesticide, and climatic conditions. But, the principal concern is downward movement of pesticides into water through soil, and the occurrence and significance of pesticide residues in groundwater. The potential for loss of pesticides to groundwater exists wherever pesticides are used, but the extent varies with the chemical nature of the pesticide and the soil as well as other factors.

The ultimate fate of a pesticide can be harmful or beneficial. The pesticide can be either highly specific and destroy only the targeted organisms or they can be non-specific leading to reduced control of a target pest, injury of non-target plants and animals, and environmental damage. Fate processes can be separated into three major types: adsorption of pesticide by soil particles; transfer processes characterised by movement of pesticides in soil; and degradation processes. Soil type, climatic factors, and handling practices can promote or prevent the above processes. An understanding of the fate processes can help in ensuring whether pesticide applications are effective and environmentally safe. In addition to resistance to degradation, there are a number of other properties of pesticides, which determine their behaviour and fate. Let us discuss some of these processes briefly. 

7.1.1 
Adsorption/absorption

The retention of organic pesticides by soil is referred as adsorption. This process binds pesticides to soil particles and/or plant parts, similar to iron filings sticking to a magnet. Adsorption often occurs because of the attraction between chemicals and soil or organic particles. For example, positively charged pesticide molecules are attracted to and can bind to negatively charged clay particles and plant debris. Adsorption decreases the concentration of pesticides in solution and thus decreases their availability for downward movement in drainage water. It also increases the length of time during which they are subjected to decomposition by microorganisms in the more active surface soil, although the rate of decomposition may be decreased.

Many soil parameters such as organic content, moisture, etc., influence pesticide adsorption. Soil rich in organic matter or clay are more adsorptive than coarse sandy soil. This occurs, because clay or organic soil has greater particle surface area or number of sites onto which the pesticides can bind. Soil moisture also influences adsorption. Wet soil tends to adsorb less pesticide than dry soil because water molecules compete with the pesticide for the binding sites on soil particles. Pesticides may adsorb onto plant materials such as litter in no-till or minimum-till fields, bark of trees, etc. These organic layers may prohibit pesticide movement to target areas deeper in the soil. 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 (http://www.ohioline.osu.edu). Adsorption is particularly important because it determines whether other processes can affect pesticides.

The strength of sorption is a function of the chemical properties of the pesticide, soil type, and the amount of soil organic matter present. Adsorption/absorption processes are commonly parameterised in terms of Kd, Koc, water solubility, Henry’s law constant, half lives of hydrolysis, photolysis and field dissipation. Kd (i.e., experimental ratio of a pesticide's concentration in the soil to that in the aqueous (dissolved) phase at equilibrium) and Koc (i.e., ratio of a pesticide concentration sorbed in the organic matter component of soil or sediment to that in the aqueous phase at equilibrium), the third and fourth threshold values listed in Table 7.1, are measures of pesticide adsorption on soil. Kd, the adsorption partition coefficient, can be calculated by mixing soil, pesticide, and water, then measuring the concentration of pesticide in solution after equilibrium is reached. A wide range exists in pesticide partition coefficients. DDT, for example, has a Kd value roughly 20,000 times as high as that for aldicarb and 1,500 times as high as that for atrazine. This explains why aldicarb and atrazine have been found in groundwater in agricultural areas while DDT has not. The major drawback of using Kd to predict leaching of pesticides is that it is highly dependent on soil characteristics. Organic matter is the most important soil constituent determining pesticide retention (http://www.pmep.cce.cornell.edu). 

7.1.2 
Solubility 

Solubility is the tendency of a chemical to dissolve in a solvent and predicts how easily a pesticide goes into solution with water. When these compounds go into solution with water, they can travel with it as it runs off the land or leaches through the soil. As water percolates through the soil, it carries water-soluble chemicals with it. The higher the water solubility value, the more soluble the chemical. For instance, a pesticide with a water-solubility value of 33,000 ppm at 27 °C is much more water-soluble than a pesticide with a water-solubility value of 33 ppm at 27°C.

7.1.3
Volatilisation

Volatilisation is the process by which pesticide in the aqueous phase is partitioned to the gaseous phase and subsequently lost via gas-phase diffusion or mass flow. Vapour pressure is a measure of the tendency of a compound to become a gas. The higher the vapour pressure of a pesticide, the faster it is lost to the atmosphere and hence less amount is available for leaching. This leads to the contamination of the atmosphere. Some pesticides, such as soil fumigants, are injected into the soil and therefore have limited exposure to the atmosphere (http://ohioline.osu.edu). If these compounds are highly soluble in water, they can be carried along with soil water to groundwater. EDB (ethylene dibromide) and DBCP (dibromochloropropane), for example, are soil fumigants that have been detected in groundwater in different states of matter. When this change of state takes place, the possibility of vapour drift occurs which may result in airborne chemical vapours being transported by air currents from a treated area to other locations, where rainfall can deposit them on land surfaces, lakes, streams and vegetation. Many pesticides, including several herbicides and soil fumigants, can escape from soil/media as gases. Pesticide particles in the atmosphere can come back to earth in the form of rain, snow, or dust fall. They are then leached into ground water or carried by runoff into surface water.

The likelihood of a pesticide to volatilise is a function of both its vapour pressure (Psat , atm) and its solubility (Csat moles/m3). Henry’s law constant (H) is a measure of volatility of the pesticide and is expressed by a function (Psat/Csat). The lower the value of the constant, greater is the leaching potential of a pesticide. Examples of pesticides with high values for H and thus low leaching potentials include trifluralin, triallate, phorate and dieldrin.

7.1.4 
Persistence

Pesticide persistence is often expressed in terms of half life. This is the length of time required for one half of the original quantity to break down. Pesticides can be divided into three categories based on half lives: non-persistent pesticides with a typical soil half life of less than 30 days; moderately persistent pesticides with a typical soil half life of 30 to 100 days; or persistent pesticides with a typical soil half life of more than 100 days. Persistence in soil may vary greatly because degradation is influenced by a number of factors, many of which are determined by specific local conditions. Ultimately the degradation products of pesticides will be water, carbon dioxide and minerals. However, intermediate degradation products of some pesticides are of concern for health or environmental reasons. In these cases, half-life values should be determined for intermediate products.

Table 7.1

Threshold Values Indicating Potential for Groundwater Contamination by Pesticides

	Property
	Threshold Value

	Water Solubility
	Greater than 30 ppm

	Henry’s Law Constant
	Less than 10-2 atm/m3 mole

	Kd
	Less than 5

	Koc
	Less than 300 to 500 

	Hydrolysis Half-life
	More than 25 weeks

	Photolysis Half-life
	More than 1 week

	Field Dissipation Half-life
	More than 3 weeks


Source: http://www.pmep.cce.cornell.edu 


The properties of pesticides namely their volatility, absorption/adsorption, solubility and persistence affect the movement of pesticide in soil and ultimately in groundwater. We will now discuss the movement of pesticides in soil and groundwater.

 

7.2 
MOVEMENT OF PESTICIDE

There are numerous paths through which the pesticides move in the soil and reach surface water and groundwater, including leaching and runoff.  Pesticide losses also take place through removal in the harvested plant and by vapourisation (volatilisation) to the atmosphere (see Subsection 7.1.3). The range of possible combinations of conditions is wide, including pesticides that are: 

(i)
persistent and mobile applied to the soil having little adsorption capacities with water tables, which are shallow, and precipitation causes  movement of water to the groundwater every year; 

(ii)
rapidly decomposed or strongly adsorbed, applied to soil having considerable adsorption capacity with water tables that are deep, and precipitation so limited that the amount of water (with the pesticides) reaching the water table is negligible. The fate of a pesticide applied to soil depends largely on two of its properties, persistence and solubility. The remainder is retained in the soil and continues to be available for plant uptake, degradation, or leaching. 
7.2.1 
Pesticide leaching

Leaching of pesticides depends in part on the amount applied per hectare per year; where, when and how it is applied; the solubility of the compound: how strongly it is held by the soil; and how quickly it breaks down in the root zone. Many pesticides bind strongly to the soil and are therefore immobile. For those that are mobile in soil, their leaching to groundwater can be thought of as a race in time between their degradation into non-toxic by-products and their transport to groundwater. If the pesticide is not readily degraded and moves freely with water percolating downward through the soil, the likelihood of it reaching groundwater is relatively high. 

7.2.2 
Degradation 

Pesticides applied to soils may undergo biological or chemical degradation, photolysis (exposure to sunlight), hydrolysis (reaction with water), oxidation, etc. The final three threshold values listed in Table 7.1 are measures of a pesticide's rate of degradation, or chemical breakdown. The longer the time it takes for a compound to break down, the longer it is available to destroy the target pest, be it a weed or insect.

The final value in Table 7.1, the field dissipation half-life, is an overall empirical estimate of the length of time in which half the original amount of the applied pesticide will disappear. This property of the pesticide is called persistence, which was introduced to you in Subsection 7.1.4. This estimate takes into account physical, chemical, and biological degradation, plant uptake, and for highly volatile pesticides - volatilisation. Longer the half-life, greater the length of time the pesticide remains in the soil and, hence longer the opportunity to leach. Half-life is difficult to predict as it varies widely for each compound and soil condition. Factors affecting half-life include:

· soil type;

· soil temperature; 

· soil moisture content; 

· concentration of the chemical; 

· method of application; 

· chemical structure; 

· amount of sunlight; 

· microbial populations. 

Although half-life estimates provide a useful empirical measure of pesticide degradation in soil, their use requires caution. In general, degradation proceeds faster in moist soils than in dry ones, but the changes in the half-life of pesticides are not consistent from one soil to another. Half-lives in sub-soils are usually much longer than those for the root zone because of the great reduction in microbial populations and the changes in physical and chemical conditions. Once a pesticide gets into groundwater, its degradation is likely to proceed at a slower rate than that predicted by its half-life in the root zone (http://www.pmep.cce.cornell.edu). There are three types of pesticide degradation viz. photodegradation, chemical degradation and microbial degradation.

Photodegradation

When sunlight breaks down organic molecules of pesticides, it is referred  as photodecomposition, photodegradation or photolysis. Thus, pesticides that are sprayed on plants or the surface of the soil may lose effectiveness owing to photodecomposition, whereas those incorporated into the soil are protected. Photodegradation can destroy pesticides in the soil surface and air. Factors that influence pesticide photodegradation include intensity of the sunlight, soil properties of the application site, application method, and properties of the pesticide. According to a review by Helling, (1971), a number of herbicides, insecticides and fungicides are decomposed at measurable rates by the sun’s energy.    

Chemical degradation

It 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 chemical reactions that take place and how quickly they occur. Because of lack of light, heat, and oxygen in the water-saturated layers of the soil profile below the surface, chemical breakdown is generally much slower than at the surface.

One of the most common pesticide degradation reactions is hydrolysis, a breakdown process where the pesticide reacts with water. Depending on the pesticide, this may occur in both acidic and alkaline conditions. 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. With several of these pesticides, the rate of the reaction varies with soil pH. From the standpoint of potential groundwater contamination, the products of such reactions may be placed in two classes, depending upon the pesticidal properties of the products. 

The first class includes pesticides that react with water to produce new compounds that lack the pesticidal properties of the original compounds and are usually less toxic such as captan (fungicide). Captan reacts rapidly with water (Wolfe et al., 1976) to form an innocuous product, such that it becomes stable and harmless. Another example is DBCP, a nematicide, which reacts with water to produce a new compound that lacks the pesticidal properties of the parent compound and is relatively innocuous. 

Pesticides of the less common second class behave in a manner opposite to that of the first. That is, reaction with water produces the parent pesticide from the compound applied in the formulation. The “decomposition” reaction thus may be described as activation. An example is sesone, a phenoxy-type herbicide that is not active until it reacts with water and forms 2,4-D in the soil. When such pesticides are used, the rate of reaction is rapid. The initial formulation may be a matter of chemical convenience, or it may have some other useful property, such as reducing the volatility to avoid undesired loss of pesticides sprayed on plants.      

Microbial degradation

It 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 applications can also 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 build up of organisms 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.

The rate of microbial breakdown of pesticides in soils varies with the chemical structure of the pesticides. The rate of degradation decreases as halogen atoms  (chlorine, bromine, fluorine) substitute increasingly for hydrogen atoms. For example, methane (CH4) is readily transformed to carbon dioxide and water by microorganisms in the presence of free oxygen. When a bromine atom is substituted for one of the hydrogen atoms to produce the fumigant methyl bromide (CH3Br), the rate of breakdown of the compound by microorganisms  decreases. For the many pesticides that are chemical derivatives of benzene (C6H6), [compounds in which one hydrogen atom is attached to each of six carbon atoms joined in a ring structure], splitting of the ring by microbial action occurs where two of the hydrogen atoms have been substituted by ​- OH groups and where the substitution occurs on adjacent carbon atoms or on carbon atoms separated by two other carbon atoms.

7.2.3 
Run-off 

Leaching and runoff are nonpoint source pollution processes that depend on soil and field topography, weather and climate, pesticide persistence and mobility, application factors and farmer decision making. In this Subsection, we will briefly discuss pesticide surface runoff, because this pathway contributes to the amount of pesticide remaining in the root zone and the amount subsequently transported to groundwater. Two components of the runoff losses are associated either with the suspended sediment (sorbed component), or with runoff water (the dissolved phase). The actual magnitude of loss via runoff is determined by site-specific factors, which may be due to climate, soil, pesticide and management. Table 7.2 summarises the influence of these factors on pesticide runoff losses. It is evident that the magnitude of loss, and the expected pesticide concentration in the runoff water, are determined by a complex inter-dependence of various factors and processes, thus causing variations event-by-event at a site, and site-by-site variations for a given event.

Table 7.2

Factors Affecting Pesticide Concentration and 

Transport in Runoff

	Factors
	Comment

	1. Climatic

	(i)  Rainfall/runoff timing with respect to pesticide application
	Highest concentration of pesticide in runoff occurs in the first significant runoff event after application.  Pesticide concentration and availability at the soil or leafy surfaces dissipate with time thereafter.

	(ii)  Rainfall intensity
	Surface runoff occurs when rainfall rate exceeds infiltration rate.  Increasing intensity increases runoff rate and energy available for pesticide extraction and transport.  It may also affect depth of surface interaction.  

	(iii)  Rainfall duration/amount
	Affects total runoff volume; pesticide wash off from foliage related to total rainfall amount; leaching below soil surface also affected.

	(iv)  Time for runoff after inception of rainfall
	Runoff concentration increases as time to runoff decreases.  Pesticide concentrations and availability are greater in first part of the event before significant reduction occurs as a result of leaching and incorporation by precipitation. 

	(v)  Water temperature
	Little data available, but increasing temperature normally increases pesticide solubility and decreases physical adsorption.

	2.  Soil

	(i)  Soil texture and organic matter content
	Affects infiltration rates; runoff is usually higher in finer-textured soil.  Time to runoff is greater on sandy soil, reducing initial runoff concentrations of soluble pesticides.  Organic matter content affects pesticide 

adsorption and mobility.  Soil texture also affects soil erodibility, particle transport potential and chemical enrichment factors.

	(ii)  Surface crusting and compaction
	Crusting and compaction decreases infiltration rates, reduces time to runoff, and increases initial concentrations of soluble pesticides.

	(iii)  Water content
	Initial soil water content of a rainstorm may increase runoff potential, reduce time to runoff, and reduce leaching of soluble chemicals below soil surface before runoff inception.

	(iv)  Slope
	Increasing slope may increase runoff rate, soil detachment and transport, and increase effective surface depth for chemical extraction.

	(v)  Degree of aggregation and stability
	Soil particle aggregation and stability affect infiltration rates, crusting potential, effective depth for chemical entrainment, sediment transport potential, and adsorbed chemical enrichment in sediment.

	3.  Pesticide

	(i)  Solubility
	Soluble pesticides may be more readily removed from crop residues and foliage during the initial rainfall or be leached into the soil.  However, when time for runoff is short, increasing solubility may enhance runoff concentration.

	(ii)  Sorption properties
	Pesticides strongly adsorbed in soil will be retained near application site, i.e., possibly at soil surface and be more susceptible to runoff.  Amounts of runoff depend on amount of soil erosion and sediment transport.

	(iii)  Polarity/ionic nature
	Adsorption of nonpolar compounds determined by soil organic matter; ionised compounds, and weak acids/bases is affected more by mineral surface and soil pH.  Lyophilic compounds are retained on foliage surfaces and waxes, whereas polar compounds are more easily removed from foliage by rainfall.

	(iv)  Persistence
	Pesticides that remain at the soil surface for longer periods of time because of their resistance to volatilisation, and chemical, photochemical, and biological degradation have higher probability of runoff.

	(v)  Formulation
	Wettable powders are particularly susceptible to entrainment and transport.  Liquid forms may be more readily transported than granular. Esters that are less soluble than salts produced higher runoff concentrations under conditions where initial leaching into soil surface is important.

	(vi)  Application rate
	Runoff concentrations are proportional to amount of pesticide present in runoff zone.  At usual rates of application for pest control, pathways and processes (e.g., sorption and degradation rates) are not affected by initial amounts present, therefore, runoff potential is in proportion to amounts applied.

	(vii)  Placement
	Pesticide incorporation or any placement below the soil surface reduces concentrations exposed to runoff process.



	4.  Management

	(i)  Erosion control practices
	Reduces transport of adsorbed/insoluble compounds.  Also reduces transport of soluble compounds if runoff volumes are also reduced during critical times after pesticide application.

	(ii)  Residue management
	Crop residues can reduce pesticide runoff by increasing time to runoff, decreasing runoff volumes, and decreasing erosion and sediment transport.  However, pesticide runoff may be increased under conditions where pesticides are washed from the crop residue directly into runoff water (high initial soil water, clay soil, intense rainfall immediately after pesticide application).


Runoff is the movement of water over a sloping surface. It occurs when water is applied to the soil at a faster rate than it can percolate into the soil. Runoff water can carry pesticides in the water itself or bound to eroding soil particles. The severity of pesticide runoff is influenced by 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 is usually greatest when a heavy or sustained rain follows an application. Over-irrigation can lead to the accumulation of excess surface water and, especially with chemigation (refers to any process whereby chemicals are added to irrigation water and applied to land or crop or both through an irrigation system) pesticide runoff. Runoff can also occur if a pesticide is applied to a saturated soil, resulting from previous rain or irrigation, followed by a light rain or irrigation. Vegetation or crop residue tends to slow the movement of runoff water. 


 

7.3 
TYPES OF PESTICIDES

In Sections 7.1 and 7.2, we discussed the properties and movement of pesticides in soil and in this Section, we will discuss the types of pesticides. The principles of pest control transcend the normal classifications of control measures in terms of their chemical, physical and/or biological characteristics (such as chemical pesticides, biological control and hostplant resistance) in favour of a more functional classification based on various criteria affecting the selection and use of the control measures (we will discuss this in detail in Unit 10 of this Course). The chemical nature of individual pesticide compounds is one of the most important factors influencing their tendency to move downwards through the soil in drainage water.  Individual members of the various chemical groups of pesticides do have similarities (though not same) that make it useful to consider pesticides by chemical groups. The presence of residues of pesticides in food commodities and other components of the environment is a matter of serious concern. In case of wheat grains, main contaminants have been DDT, HCH, and to some extent other organochlorine insecticides such as aldrin and heptachlor. Samples from Ludhiana (Punjab) and Mysore (Karnataka) in India were found to contain malathion ranging from 0.02 to 11.92 ppm, which appears to be a case of direct spray of malathion on the gunny bags / grains in the storage godowns (Dhaliwal and Kansal, 1994). 

We will now discuss the types of pesticides classified on the basis of the organisms they are targeted against, and their impacts on soil and groundwater. 

7.3.1
Insecticide

The term includes chemical, biological, or other agents used to destroy insect pests although commonly it refers to chemical agents only. Chemical insecticides are usually classified either in terms of their chemical characteristics or alternatively according to their type of activity or mode of action. There are four types of insecticides; organochlorines, organophosphates, carbamates and pyrethroids. The organochlorines, or the chlorinated hydrocarbons, are broad-spectrum and highly persistent insecticides that are most effective against biting and chewing insects (Guenzi and Beard, 1975). Organochlorines, such as DDT and endrin are the most common insecticides used in India. Their low water solubility and strong tendency to adsorb to soil have virtually precluded their appearance as groundwater contaminants (as a result of agricultural applications). 

The organophosphorous insecticides have wide spectrum physico-chemical properties and agricultural uses. They are generally less persistent than organochlorine insecticides, which means that the timing of application has to be more accurate. Originating from nerve gases, the organophosphates combine with the enzyme, acetylcholinesterase at nerve junctions and prevent transmission of nerve impulses. Some are highly selective while others have extremely high mammalian toxicity. Breakdown in soil begins with reaction with water by natural and microbial hydrolysis. Examples of organophosphorous compounds include mevinphos, malathion and methyl parathion which are listed in order of increasing stability, though these chemicals do not have much effect on the groundwater. 

Carbamates are general insecticides with a mode of action similar to organophosphates although their effect is more easily reversed, resulting in recovery of insects, if sufficiently high doses are not taken up.  Three important members of the carbamate group (i.e., a synthetic organic pesticide containing carbon, hydrogen, nitrogen, and sulphur) namely carbaryl, pirmicarb and aldicarb have increasing water solubility, susceptibility to hydrolysis and mammalian toxicity (Baron, 1991). Aldicarb (used also as nematicide) is readily oxidised in soil. Aldicarb, its metabolites, and pirmicarb, have all been detected in groundwater (Council for Agriculture Science and Technology, 1987).    

Synthetic pyrethroids are relatively less persistent and their natural counterparts (allerthrin and resmethrin) derived from pyrethrum flowers, are unstable in light and air. Examples of synthetic pyrethroids are permethrin, cypermethrin and delta-methrin, which are more stable and have proved to be very effective against most groups of insects. Most pyrethroids, but not all, have very low mammalian toxicity and hence, are relatively safe for the spray operators during mixing and application.

7.3.2 
Herbicide

Herbicides may be classified according to their selectivity, application characteristics, and nature of their action or chemistry. They are classed as selective when they kill weeds without harming the crop and as non-selective when the purpose is to kill all vegetation. Both selective and non-selective herbicides can be applied to weed foliage or to soil containing weed seeds and seedlings, depending on the mode of action. The term true selectivity refers to the capacity of an herbicide, when applied at the proper dosage and time, to be active only against certain species of plants but not against others. However, selectivity can also be achieved by the mode of application, as when a non-selective herbicide is applied in such a way that it reaches the weeds but not the crop. One of the most widely known non-selective herbicides is paraquat or 1,1 –dimethyl-4,4 –bipyridylium dichloride. Paraquat, also referred to as gramoxone, rapidly destroys green plant tissue, but is absorbed and rendered inactive almost instantaneously by the soil.

Herbicide effectiveness depends on:

· adequate plant contact; 

· absorption by plants; 

· translocation (i.e., movement) within the plants to the site of action, without deactivation; 

· toxic levels at the site of action. 

The application method, whether pre-plant incorporated, pre-emergence, or post-emergence largely determines when the herbicide will contact plants and the portion of the plant contacted. Plants may rapidly degrade or deactivate a herbicide to escape its toxic effects. For example, corn quickly deactivates atrazine by binding to naturally occurring plant chemicals. Soybean tolerance to metribuzin (sencor, lexone) is at least partially due to the deactivation of the herbicide by conjugating (binding) to plant sugar molecules. Sugar beet avoids injury from desmedipham (betanex) partially through rapid metabolism.

Many soil-applied herbicides are absorbed through un-emerged plant shoots, and plants may be killed or injured before emergence. Volatile herbicides such as the thiocarbamates (EPTC [Eptam] for example) and dinitroanilines (such as trifluralin [Treflan]) can move in the soil and penetrate plant shoots as gas or liquid. Less volatile herbicides such as the acetanilides (metolachlor [Dual]) probably are absorbed into the shoot only as liquids. Physical and environmental factors that promote rapid crop emergence reduce the length of time that a plant is in contact with a soil-applied with herbicide and, therefore, reduce the possibility of crop injury.

7.3.3 
Fungicide

Fungicides classified according to their chemical composition are usually referred to as inorganic or organic fungicides, or antibiotics. The earliest fungicides were inorganic materials such as sulphur (lime sulphur), copper (bordeaux mixture, copper hydroxide, copper naphthenates) and mercury compounds (mercury chloride, methoxyethyl mercury salts). Organic fungicides are dithiocarbamates, thiram, zineb and maneb.  Antibiotics include cycloheximide, streptomycin, tetramycin, validamycin, etc. Fungicides can also be classified according to the timing of their application (that is their timing in relation to the stage of infection). Protectant fungicides (bronopol, dichlone, guazatine, quintozene) are applied before infection to the plant surface. The curative fungicides have been prone to pathogen resistance because of their tendency to target specific sites of action. These are largely systemic, are capable of being absorbed by the roots, seeds or leaves of the plant, and then translocated within the plant. In contrast to the behaviour and movement of systemic fungicides (benomyl, bupirimate, carboxin, dimethirimol, metalaxyl, imizalil, triadimefon, tridemorph) within the plant, residual fungicides applied to the foliage act as protectants but repeated applications may be necessary to replenish deposits lost by runoff from rain or abrasion. 

Fungicides do not have much implication to groundwater pollution problems, partly because of their low solubility. Organic fungicides such as binapacryl, a dinitrophenol ester, hydrolyse to form free phenol, which may have potential to leach. The other group of fungicides includes pthalmides, organotins, quinones, pyrimidines, and various other aromatic and non-aromatic compounds. 

7.3.4 
Nematicide

Chemical products used to control nematodes generally fall into two major classes, fumigants and non-fumigants or "contact" nematicides, based on their chemical and physical characteristics. They are categorised into four groups: (i) halogenated aliphatic hydrocarbons (such as methyl bromide, ethylene dibromide); (ii) methyl isothiocyanate precursor compounds (such as metham-sodium, dazonet); (iii) organophosphates (such as ethoprophos, fenamiphos, thiomazin); (iv) carbamates (carbofuran, aldicarb, oxaryl).  The first two groups are soil fumigants while the latter act as nemostats. A nemostatic pesticide is one that reduces movement of the nematode as concentrations increase and may cause cessation of all movement as doses rise to lethal concentrations. Other pesticides also have nematicidal action. Herbicides such as dalapon may inhibit nematode reproduction while several fungicides such as benomyl and thiabendazole inhibit attack of plants by Heterodera tabacum (Dent, 1995). However, some pesticides can also increase the severity of non-target pests. Hence, care needs to be taken in their selection.

Four out of the relatively low number of nematicides, leach into the groundwater. They include carbamate, aldicarb, which are readily oxidised in the soil and oxamyl and halogenated aliphatic compounds like ethylene dibromide (EDB) and dibromochloropropane (DBCP). These two compounds EDB and DBCP are volatile, relatively persistent in soil and soluble in water (4300 and 700 ppm respectively). These factors coupled with the apparently low soil absorption and typically high application rates result in extensive migration of these compounds (Council for Agriculture Science and Technology, 1987).    



7.4 
COMMONLY USED PESTICIDES IN INDIA

AND THEIR PROPERTIES

In the previous Sections, you learnt the types of pesticides and their properties. In this, Section we will deal with some of the pesticides commonly used in agricultural lands along with their properties. Insecticides commonly used in India are:

(i)
DDT (dichloro-diphenyl-trichloroethane): It is one of the most widely used pesticides in the world, and has been used in India for quite a long time. DDT's chemical formula is C14H9Cll5. So, for every molecule of DDT, there are 14 carbon atoms, 9 hydrogen atoms, and 15 chlorine atoms. DDT is highly persistent in the environment, with a reported half-life of between 2-15 years and is immobile in most soil. Routes of loss and degradation include runoff, volatilisation, photolysis and biodegradation (aerobic and anaerobic). These processes generally occur very slowly (WHO, 1989). Breakdown products in the soil environment are DDE (1,1-dichloro-2,2-bis (p-dichlorodiphenyl) ethylene) and DDD (1,1-dichloro-2,2-bis (p-chlorophenyl) ethane), which are also highly persistent and have similar chemical and physical properties. Due to its extremely low solubility in water, DDT will be retained to a greater degree by soil and soil fraction with higher proportions of soil organic matter. It may accumulate in the topsoil in situations where heavy applications are (or were) made annually; e.g., for apples. 

Generally, soil organic matter tightly sorbs DDT, but it (along with its metabolites) has been detected in many locations in soil and groundwater where it may be available to organisms. This is probably due to its high persistence in soil, (although it is immobile or only very slightly mobile) and it may eventually leach into groundwater, especially in soil with little soil organic matter. Residues at the surface of the soil are much more likely to be broken down or otherwise dissipated than those below several inches. Volatilisation loss will vary with the amount of DDT applied, proportion of soil organic matter, proximity to soil-air interface and the amount of sunlight.

(ii)
Hexa-chlorocyclohexane (HCH): Also known as benzenehexachloride (BHC or lindane), it is an organochlorine insecticide and fumigant, which has been used on a wide range of soil-dwelling and plant-eating (phytophagous) insects. Lindane is highly persistent in most soil, with a field half-life of approximately 15 months. When sprayed on the surface, the half-life was typically much shorter than when incorporated into the soil. It shows a low affinity for soil binding, and may be mobile in soil with especially low organic matter content or subject to high rainfall. It may pose a risk of groundwater contamination. It will disappear from the water by secondary mechanisms such as adsorption on sediment, biological breakdown by microflora, fauna, and adsorption by fish through gills, skin and food.  

(iii)
Carbofuran: It is a broad-spectrum carbamate pesticide that kills insects, mites, and nematodes on contact or after ingestion. Carbofuran is soluble in water and is moderately persistent in soil. Its half-life is 30 to 120 days. In soil, chemical hydrolysis and microbial processes degrade carbofuran. Hydrolysis occurs more rapidly in alkaline soil. Carbofuran breaks down in sunlight and has a high potential for groundwater contamination. It is mobile to very mobile in sandy loam, silty clay and silty loam soil; moderately mobile in silty clay loam soil; and only slightly mobile in muck soil.

Table 7.3

Pesticides Banned/Restricted in the West, 

But Used in India (1994 - 95) (in tonnes)

	Pesticides
	Used (for) Public Health
	Used in Agriculture

	BHC
	6305
	24,000

	Carbofuran
	--
	--

	DDT
	8181.25
	280

	2, 4-D (Dichlorophenoxyacetic acid)
	1200
	--

	Dichlorovs (DDVP)
	1500
	--

	Dimethoate
	--
	1900

	Endosulphan
	--
	4600

	Methyl parathion
	--
	2600

	Monocrotophos
	--
	6296

	Mancozeb
	--
	4000

	Paraquat
	--
	400

	Total use of pesticides which are banned or restricted in western countries
	14486.25
	46776

	Total use of pesticides
	15, 327.25
	86,266

	Percentage of use consisting of banned or severely restricted pesticides
	94.5 %
	54.25 %


Herbicides commonly used in India are: 

(i)
Alachlor: It is an aniline herbicide used to control annual grasses and broadleaf weeds in field corn, soybeans and peanuts. It is a selective systemic herbicide, absorbed by germinating shoots and roots. It acts by interfering with a plant's ability to produce protein and interferes with root elongation. Alachlor has a low persistence in soil, with a half-life of about eight days. The main means of degradation is by soil microbes. It has moderate mobility in sandy and silt soils, and thus can migrate to groundwater. 

(ii)
Atrazine: It is a selective triazine (combination of atrazine, cyanazine and simazine) herbicide used to control broadleaf and grassy weeds in corn, sorghum, sugarcane, pineapple and other crops, and in conifer reforestation plantings. It is also used as a non-selective herbicide on non-cropped industrial lands and fallow lands. It is highly persistent in soil. Chemical hydrolysis followed by degradation by soil microorganisms, accounts for most of the breakdown of atrazine. Hydrolysis is rapid in acidic or basic environment, but is slower at neutral pH. Addition of organic material increases the rate of hydrolysis. Atrazine can persist for longer than one year under dry or cold conditions. It is moderately mobile in soil with low clay or organic matter content. Because it does not adsorb strongly to soil particles and has a lengthy half-life (60 to >100 days), it has a high potential for groundwater contamination despite its moderate solubility in water.

Fungicides commonly used in India are:

(i)
Captafol: It is a broad-spectrum protective contact fungicide belonging to the sulphanilamide group. It is effective for the control of almost all fungal diseases of plants.

It is stable under ordinary environmental conditions, and has a half-life of less than 3, 5, and 8 days in non-sterile organic, sandy and clay loam soils respectively. It does not leach from basic soil.

(ii)
Triadimefon: It is a systemic fungicide in the triazole family of chemicals. It is used to control powdery mildews, rusts, and other fungal pests in cereals, fruits, vegetables, shrubs, and trees. Triadimefon has low to moderate persistence in soils. In a sandy loam soil half of the initial amount of the compound is lost within 18 days. In loamy soil the half-life is much shorter (about 6 days), which indicates that breakdown of the compound varies with the soil type. Triadimefon and its residues are moderately mobile and may have potential to leach to groundwater. In water with a pH of 3.0, 6.0, or 9.0, almost 95 % of the compound remains after 28 weeks. The compound is very stable in water and does not readily undergo hydrolysis.

Nematicides commonly used in India are: 

(i)
Ethylene dibromide (EDB): It is used extensively in soil and as a post-harvest fumigant for crops, and as a quarantine fumigant for citrus and tropical fruits and vegetables. The fastest degradation of EDB occurs at or near the soil surface. EDB is moderately persistent in the soil environment; a representative field half-life was estimated to be 100 days. In one study, after two months, almost all of EDB was dissipated. Sunlight readily degrades EDB; near the soil surface it is converted to ethylene and bromide ions, and that small percentage which remains is unchanged, possibly adsorbed to soil organic matter or clay particles or entrapped in soil micropores. EDB thus entrapped may be inaccessible till microbial degradation after, which it may slowly leach to groundwater over very long periods. Such leaching is very slow at normal temperatures, but increases with higher temperatures. Groundwater contamination of EDB has been confirmed at levels up to 0.3 mg/L. Usual levels of EDB found in groundwater were approximately 0.001 to 0.02 mg/L, which are similar to levels found in stored grain products. EDB can be widely distributed in aqueous systems. The primary removal process for ethylene dibromide in water is evaporation. EDB has a half-life of slightly over a day in river water and about 5 days in lake water. Binding to sediment is relatively low. EDB decomposes in the presence of heat and/or light and can be slowly broken down by moisture. 

(ii)
Aldicarb: It is a member of the carbamate class of chemicals, and is an extremely toxic systemic insecticide. Used to control mites, nematodes, and aphids, it is applied directly to the soil. It is used widely on cotton, peanut and soybean crops. Aldicarb is moderately persistent, very soluble and mobile in soil. Moisture and pH have important impacts on the rate of breakdown. Aldicarb movement is most serious for sandy or sandy loam soils. It has been found in wells in over 25 countries and in 12 states (of India) at concentrations above the drinking water maximum contaminant level. The half-life of aldicarb in surface water is from 1 day to few months. In pond water, aldicarb is broken down rapidly and has a half-life of 5 to 10 days. Because of its rapid degradation rate, levels in surface water may be lower than those in groundwater.

Quantity of pesticides used in India during 1995-96 to 2000-01 is given in Table 7.4.

Table 7.4

Consumption of Pesticides (group-wise) 

During 1995-96 to 2000-01 MT (Tech. Grade)

	Pesticide Group
	1995-96
	1996-97
	1997-98
	1998-99
	1999-2000
	2000-01

	Insecticide
	38,788
	 34,665  
	33,379
	30,469 
	28,926 
	26,756

	Fungicide
	10,563 
	9,969 
	10,054 
	10,428 
	8,435 
	8,307

	Weedicide
	6,040 
	7,060 
	7,103 
	7,292 
	7,369 
	7,299

	Others
	5,869 
	4,420 
	1,703 
	968 
	1,465 
	1,222

	Total
	61,260    
	56,114
	52,239 
	49,157
	46,195
	43,584


Source: http://www.ncipm.org.in/consumption%20of%20pesticides.htm

7.5
ENVIRONMENTAL IMPACTS OF

PESTICIDES

In Section 7.4, you learnt the common pesticides used and their behaviour in soil and water. 

When pesticides are applied, only a small fraction of the total amount reaches the target organisms such as crop pests and vectors of disease. More than half the amount of pesticides applied may go directly to the atmosphere, or contaminate the soil and groundwater. We will now discuss the impacts of these pesticides on soil and groundwater, respectively in Subsections 7.5.1 and 7.5.2.

7.5.1 
Impacts on soil

The capacity of the soil to filter, buffer, degrade, immobilise and detoxify pesticides depends on the quality of the soil. Soil quality also encompasses the impacts that soil use and management can have on water and air quality, and on human and animal health. The presence and bioavailability of pesticides in soil can adversely impact human and animal health, and beneficial plants and soil organisms. Pesticides can move off-site contaminating surface and groundwater and possibly cause adverse impacts on aquatic ecosystems.

Over 500,000 tonnes of pesticides are applied in developing countries annually. In addition to entering atmosphere, much of this poison ends up in the soil and in open bodies of water. Pesticides are sprayed from the air indiscriminately over canals and rivers; left over spray is poured away without thought, and empty containers are rinsed in the nearest stream or river. Sudden rain showers wash pesticides off the leaves, via surface runoff, soil erosion and leaching, and eventually enter groundwater. The persistence of pesticides in soil varies depending on the concentration applied, the frequency of applications, weathering conditions (alterations in temperature and moisture) and on soil characteristics (humus content, microbiological activity, etc). In tropical soil, pesticides often decompose more quickly because of  high temperature.   

The presence of pesticide directly or indirectly influences the soil microfauna and can alter decomposition and circulation of nutrients. Pesticide residues in the soil can be directly toxic to  organisms  and influence their growth, behaviour or metabolism. This may impair or alter the ecosystem permanently. Soil organisms such as earthworms suffer strong toxic reaction due to the use of chlordane and heptachlor, even at the recommended dosages. Atrazine reduces the earthworm population. Herbicide like dinoseb acetate, dinoterb (DNOC) and diquat show harmful effects on soil fauna. The vast majority of non-persistent pesticides do indeed detoxify as they decompose. Often ignored, however, is the fact that pesticides not only destroy pests, but also other sensitive soil life.  This degrades soil fertility, ultimately producing essentially biologically sterile soil (PAN, 1995). Pesticides can reduce soil fertility by adsorption to soil particles through:

· the direct effect of decimating or exterminating a population of soil organisms;

·  indirect effects (e.g., eradication of the prey of predator soil insects);

· disturbing the dynamic balance in the reservoir of organic and inorganic nutrients possibly disrupting the supply of nutrients available to plants, with consequent indirect effects (favourable conditions for pests);

·  accumulation of phytotoxic (i.e., injurious to plants) substances like copper, etc.   

The contaminants of the soil will have direct consequences on people. First, they may reduce yield or heavily increase costs through the need to use industrially processed fertilisers. Hence it increases residues in plants and fruits, which enter food chain and also affect directly by contamination of groundwater. 

7.5.2 
Impacts on groundwater

In this Subsection, we will discuss the processes contributing to pesticide contamination of groundwater.  Pesticides can enter the groundwater by either leaching or runoff. At times, during heavy or sustained rainfall, the rainwater and applied pesticide on the field will seep through the soil and form a pool in the bedrock. Also, some pesticides enter the groundwater and their persistence is further increased than in the surface water. For example, the half-life of atrazine and simazine in acidic upland waters is typically six days. These triazines possess half-lives in months instead of days in lowland rivers with a higher pH of 7 to 8.5. Most disturbing is the fact that in groundwater, atrazine and simazine have half-lives in the order of years, due to the extremely slow rate of hydrolysis (http://www.arneson.cornell.edu). 

Even when the pesticides are at a low-risk and have short life span, the formulations of the chemicals often react with other substances already present in the groundwater. For example, through hydrolysis, organic molecules can react with water and form a carboxylic acid, resulting in new chemical molecules that may have new and more toxic characteristics. When a large quantity of contaminant enters the ground, it will become a part of the groundwater movement and spread the contamination to other places. Removal of this contaminant liquid is often difficult since the denser contaminant liquid may not follow the exact travel path of normal groundwater, and a clean up would require complex hydrogeology. 

Along with the possibility of leaching of persistent pesticide, a high water solubility and low soil adsorption rate can contribute to groundwater contamination. When a pesticide is highly soluble in water, there is a strong tendency for it to travel down to the groundwater along with rainwater. For example, the pesticide aldicarb, because of its solubility, often seeps through the soil into the groundwater. In addition, the adsorption to soil particles determines the chances of contamination, since a low-adsorption pesticide will seep through soil into the groundwater. For example, while chlorinated hydrocarbons have a long persistence in the environment, groundwater usually has a low DDT level since these hydrocarbons have low solubility and strong adsorption to soil particles. However, several low- persistent pesticides, including aldicarb and captan, have been found in groundwater in several places. 

The three main areas of concern with respect to contaminated groundwater are its potential carcinogenic effects, immune system effects, and reproductive and developmental toxicity. The challenge of determining the carcinogenic properties of pesticides is compounded when analysing them in groundwater. Not only are the chemicals present in low concentrations, but also many different chemicals are present, complicating the implication of any one chemical with cancer. The suppression of the immune system has also been associated with pesticide contamination of groundwater. Pesticides also pose the threat of reproduction and developmental toxicity (teratogenic effect). Since the embryo undergoes rapid cell division, even low exposures to pesticides can have serious developmental consequences. 


 

7.6 
APPROPRIATE USE OF PESTICIDES

After discussing the impacts of pesticides on soil and groundwater, it is relevant now to learn the need for appropriate use of fertilisers. The use of synthetic pesticides in agriculture is worldwide, and is still the most widespread method for pest control. Environmental and human health problems related to the use of synthetic pesticides have created an increasing pressure against their use. Therefore non-chemical alternatives for pest control have been developed and modern pesticides have become safer and more specific. Technical developments of the application equipment have kept pace ensuring an efficient application of these modern products. However, those technical developments regarding modern application equipment and its professional use have not been transferred satisfactorily to field practice. 

In India, high levels of pesticide residues in food crops, compared to the world average, are reported. According to the FAO (food and agricultural organisation), this is an indication that pesticides are used indiscriminately and applied improperly. Although India has national standards for manufacturing spray equipment, which are followed by the major manufacturers, there are still many small manufacturers serving local needs that do not comply with quality standards.

Pesticides usually consist of an active ingredient (i.e., the toxic element of the pesticide) and a number of non-pesticidal materials, which permit ease of application handling, storage, and may also enhance toxicity. Hence, pesticides are formulated to meet the particular needs of the pest, crop, environment in which they are to be used and their means of application. If the active ingredient is soluble in water or an organic solvent then pesticides can be prepared as concentrated solutions. Concentration solutions are commonly used in ultra-low volume applications (ULV) (Dent, 1995). Many application methods can be categorised into three major types:

· Sub-surface application methods, including injecting the pesticide into the ground to control subterranean insects, such as termites, grubs, and nematodes, and other sub-surface methods, such as incorporating the pesticide into the soil.

· Surface applications, which include applying pesticides directly to the surface (e.g., applications to floorboards, structures, animals or insects, crack/crevices). These types of application may include repellents, disinfectants, etc.

· Aerial application, including aircraft applications, sprayers to apply pesticides to trees, or fumigants to control mosquitoes and wood-boring insects, such as termites.

Pesticides can be applied in many forms as gases, sprays, dusts, granules, baits, dips, and through the release of predators. There are seven recognised categories of formulation:

· solutions;

· wettable powders;

· emulsion concentrations;

· suspension solutions;

· dusts;

· granules; 

· baits.

Insecticides can be applied as dust or granules and the application machinery has to be chosen accordingly. Different kinds of dusters and sprayers are available. Dusters can be either manually operated or electrically powered. These dusters are used to cover large areas quickly. To obtain good results and for proper coverage, a duster should produce a continuous and uniform cloud of the insecticide. Sprayers can be either manually or mechanically operated (Jaiswal and Wadhwani, 1980). 

Most fungicides are formulated as wettable powders. Active ingredients, which will not dissolve in water, are finely ground and mixed with an inert material such as kaolin and a wetting agent. Dispersants may be added to delay sedimentation in spray tank. Suspension concentrations are characterised by the active ingredient formulated as a finely ground solid which is held in a suspension of water and is then diluted further with water in the spray tank. The solids are fixed in suspension by the addition of polymers (Barlow, 1985).   

The application of pesticides as a seed dressing is usually achieved through use of dusts containing high concentrations of active ingredients and ‘stickers’ to improve contact with the seed. Dust may also be applied to foliage through use of a dust blower machine; however, the pesticide content must be low since high application rates are required. Bait formulations combine an attractant with a pesticide. The attractant may be a food lure, or an aggregation or sex pheromone, but it serves to lure the pest to the pesticide, which is either a contact, or stomach poison. 

Granular formulations are used where targeting the pesticide is less important because an intermediary agent such as soil or water carries the active ingredients. Granules are widely used to apply systematic organophosphorus insecticides for seedling crops and for formulations of nematicides.  

Controlled release formulations of pest control agents have been extensively reviewed by Wilkins (1990). They are characterised by their ability to deliver to the local environment of a pest a constant weight of chemical per unit time. Hence, formulations such as laminated strips are useful for increasing the efficiency of pesticides. They are also safe to handle and present fewer hazards to beneficial organisms.

Due to the increased harmful effects of synthetic pesticides, nowadays biopesticides are formulated which are derived from natural materials such as animals, plants, bacteria and certain minerals. Biopesticides are usually inherently less harmful than conventional pesticides.  They generally affect only the target pest and closely related organisms, in contrast to broad spectrum, conventional pesticides that may affect organisms as different as birds, insects, and mammals. Biopesticides often are effective in very small quantities and often decompose quickly, thereby resulting in lower exposures and largely avoiding the pollution problems caused by conventional pesticides. When used as a component of integrated pest management (IPM) programmes (we will discuss this in detail in Unit 10), biopesticides can greatly decrease the use of conventional pesticides, while crop yields remain high. Biopesticides are discussed in detail in Unit 10 (Section 10.4). Biopesticides usage in India is listed in Table 7.5.

Table 7.5

Consumption of Biopesticides 

During 1996-97 to 2000-01  

MT (Tech. Grade)

	Biopesticide
	1996-97
	1997-98
	1998-99
	99-2000
	2000-01

	Bacillus thuringiensis (Bt)
	33
	41
	71
	135
	132

	Neem based insecticides
	186
	354
	411
	739
	551

	Total
	219
	395
	482
	874
	683


Source: http://www.ncipm.org.in/consumption%20of%20pesticides.htm

SUMMARY

Pesticides have been used extensively to control different kinds of pests inimical to the interest of humans.  You first learnt the properties of pesticides namely adsorption, solubility in water, persistence and volatilisation. The elucidation of the properties helped us to understand whether the pesticide is applied properly and is environmentally safe. In the next Section we understood the movement of pesticides in soil characterised by pesticide leaching, degradation (action of water, sunlight and microorganisms) and run-off, finally leading to the contamination of groundwater. The types of pesticides namely insecticides, herbicides, fungicides and nematicides were discussed in the next Section. The different types of pesticides are mainly classified based on the pests they are targeted against. Subsequently you learnt the various pesticides that are commonly used in developing countries and their properties in soil and groundwater. Some of the common pesticides that were explained in detail included DDT, BHC, carbofuran, alachlor, atrazine, captafol, triadimefon, ethylene dibromide and aldicarb. Followed by this, you understood the impacts of pesticides on soil and groundwater. When pesticides are applied, only a small fraction of the amount reaches the target organisms and more than half of the amount of pesticides applied may contaminate the soil and groundwater. Finally, you understood the need for appropriate use of fertilisers.
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Unit 7


Model Answers to Learning Activities
LEARNING ACTIVITY 7.1
The properties that decide the behaviour and fate of pesticides are adsorption, solubility, volatilisation and persistence. These properties play a major role in groundwater contamination.

The retention of organic pesticides by soil is called adsorption. Adsorption decreases the concentration of pesticides in solution and thus decreases their availability for downward movement in drainage water. This is dependent on organic content, moisture, etc., of soil. Wet soil tends to adsorb less pesticide than dry soil because water molecules compete with the pesticide for the binding sites on soil particles. Lesser the absorption coefficient, the more likely it will leach into the soil and greater the potential for groundwater contamination. 

The water solubility of a pesticide determines how easily it goes into solution with water. When these compounds go into solution with water, they can travel with it as it runs off the land or leaches through the soil to reach the groundwater. Higher the water solubility, the more soluble the chemical.

Volatilisation is the process by which pesticides including several types of herbicides and soil fumigants can escape from soils as gases. Some can distill from soil and enter the atmosphere with evaporating water. Pesticide particles in the atmosphere can come back to earth in rain or snow, and then either leach into ground water or be carried by runoff into surface waters. Some pesticides, such as soil fumigants are injected into the soil. If these compounds are highly soluble in water, they can be carried with soil water to groundwater.

Pesticide persistence is often expressed in terms of half life. Persistence in soil may vary greatly because degradation is influenced by a number of factors, many of which are determined by specific local conditions. Ultimately the degradation products will be water, carbondioxide and minerals.  However, the intermediate products are of concern for health or environmental reasons.

LEARNING ACTIVITY 7.2
Pesticides are degraded in three ways, viz. sunlight, chemicals and microorganisms.

Sunlight breaks down organic molecules of pesticides, which  are referred to as photodecomposition. Thus, pesticides that are sprayed on plants or the surface of the soil may lose effectiveness owing to photodecomposition, whereas those incorporated into the soil are protected. This can destroy pesticides on foliage, on the soil surface, and even in the air. 

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 chemical reactions that take place and how quickly they occur. Because of lack of light, heat, and oxygen in the water-saturated layers of the soil profile below the surface, chemical breakdown is generally much slower than at the surface. 

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.

LEARNING ACTIVITY 7.3
There are 4 types of pesticides viz., insecticide, herbicide, fungicide and nematicide.

There are 4 types of insecticides viz. organochlorines, organophosphates, carbamates and pyrethroids. These are most effective against biting and chewing insects. Due to their low water solubility and strong tendency to bind the soil, they are seldom detected in groundwater. Herbicides are classified as selective or non-selective depending on whether they are used to kill only the weeds or kill all vegetation. Herbicides that have high water solubility and long persistence are of particular concern. Residues of some herbicides, such as atrazine, metachlor, alachlor, cyanazine and metribuzin, have been found in surface water or groundwater. It has been observed that some herbicides (and other pesticides) potentially cause adverse health effects, such as cancer from chronic (long-term) exposure. Fungicides are divided into organic, inorganic or antibiotics. Examples of fungicides are lime sulphur, copper hydroxide, mercury chloride, bronpol, etc. This group of pesticides does not have much implication to groundwater because of their low solubility. Nematicides are classified into fumigants and non-fumigants or contact nematicides based on their physical and chemical characteristics. Nematicides such as carbamates, aldicarb, oxamyl, etc., have been detected in groundwater.

LEARNING ACTIVITY 7.4
The presence and bioavailability of pesticides in soil can adversely affect animal and human health. These pesticides sometimes leach, thereby contaminating groundwater.

(i)
Impacts on soil: The presence of pesticides directly or indirectly affects the soil microfauna and can alter the decomposition and circulation of nutrients. Pesticide residues in the soil can be directly toxic to soil organisms or influence their growth, behaviour or metabolism. This may impair or alter interactive ecosystem permanently. Chemicals such as atrazine kill earthworm population in the soil. Pesticides reduce soil fertility through direct and indirect effects, disturbing the dynamic balance in the reservoir of organic and inorganic nutrients and through accumulation of phytotoxic substances like copper. 

(ii)
Impacts on groundwater: Even if the pesticide is at low-risk, the formulations of the chemical may react with other substances in the groundwater to produce new substances that are more toxic. Along with the possibility of leaching, high water solubility and low soil adsorption can contribute to groundwater contamination. The 3 main areas of concern with respect to contaminated groundwater are its potential carcinogenic effects, immune system effects and reproductive and developmental toxicity.

LEARNING ACTIVITY 7.5
The 3 types of pesticide application are subsurface, surface and aerial.

Subsurface application methods include injecting the pesticide into the ground to control insects such as termites, grubs and nematodes. Surface application consists of applying the pesticides directly to the surface such as structures, cracks/crevices, animals, etc. This includes repellent and disinfectant. Aerial application involves spraying pesticides from aircrafts to trees or fumigants to control mosquitoes and wood-boring insects such as termites.







































































































(LEARNING ACTIVITY 7.5





What are the 3 types of pesticide application?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 7.4





Explain the likely impacts of pesticide on soil and groundwater.








Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 7.3





Discuss briefly the types of pesticides and their properties.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 7.2





Discuss the degradation process of pesticides.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 7.1





Explain the properties of pesticides that lead to groundwater contamination.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.
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