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ABSTRACT. The present paper includes an overall view of the main potential diffuse pollutants of the water, generated by the irrigated agriculture. Then, it is established that prevention is the best way to protect the quality of the water, and therefore it must be receive a strong support. Practices and criteria to be followed, in order to reduce the contribution of fertilizers and salts to the pollution of water and to diminish the polluting effect of the pesticides, are mentioned. Also, it is pointed out that would be convenient the setting up or the enhancement, as the case may require, of a station network to monitor periodically the quality of the irrigation water returns. Finally, are included a number of foreseen actions and studies, regarding the improvement of the water quality in relation with irrigation, which belong to two characteristic spanish basins. 







1.	INTRODUCTION



Diffuse pollution is understood as being either that which emerges at locations other than the point of origin, regardless of the distances involved, or where the environmental impact is a result of any kind of by-product.



The release of pollutants arising from agricultural activities is diffuse in nature, and thus it is difficult to control.



The entire range of chemicals compounds applied to crops (this includes both organic and inorganic compounds of nitrogen, phosphorus and potassium, all of which are contained in natural fertilisers), pesticides and irrigation-water salts, are potential pollutants from irrigation farming. Animal residues may also be regarded as potential pollutants.



Diffuse agricultural pollution directly affects a series of elements that can be regarded as means for dispersion. Those, which are affected by what could be termed direct pollution, are water, soil, plants and the atmosphere. Diverse and often reciprocal reactions then take place, which eventually and indirectly lead to an effect up on human beings.



Water is a major element in the pollution process, because it directly receives large amounts of the pollutants that are used in agriculture, and the same applies to soil. The problem is generally more marked in the case of irrigation water utilised in intensive farming, given that products such as fertilisers are generally applied in larger proportions. When the amount of water used for irrigation purposes is excessive, these products sometimes flow away with the excess of water, and find their way into natural watercourses.





Soil is probably the affected element that has been most extensively studied and analysed, because there is such a diversity in the types of factors and in the number involved in its composition, and in the response to pollution. However, in spite of this fact, less is known about the response of soils to these phenomena than is known about the other affected elements. Furthermore, as the filtering and purifying capacity of soil is very high, it can also serve as a storehouse for pollutants.



Plants are often direct receivers of most phytosanitary products, and either directly or indirectly, depending on the type of fertilisers. Plants will react in a variety of ways, depending on the different types of products. From an environmental perspective, it is undesirable for consumption the harmful elements that plants are able to assimilate. 



The atmosphere can be subject to greater impact on a windy day than when it is calm, all the more so in hot and dry climates, because the different products tend to be dispersed by this agent in such conditions. When the climate is cold and wet, the pollutant products are generally deposited on the ground or on the surfaces of the leaves, together with the humidity.



Decreasing the application of fertilisers and farming chemicals, as long as this is done in a reasonable and coherent way can reduce pollution caused by irrigation farming. If irrigation water is applied rationally, through controlling the surface runoff and drainage, this brings about a reduction not only in the wastage of nutrients and agro-chemical products, but also in the loss of topsoil, and in the leaching of salts. Furthermore, plants can absorb more nutrients if crop rotation and changes in land use are put into practice.  

 







2.	DIFFUSE AGRICULTURAL POLLUTION IN WATER.





Groundwater is generally better protected from pollution than surface water. However, once pollutants have percolated into the groundwater flows, the processes of detecting them, tracing and monitoring their movements and intercepting them before they reach and pollute wells and borings, are not only more difficult, but also more costly. From a groundwater perspective, fertilisers are the potential pollutants that have the greatest impact, especially those products, which contain nitrogen compounds, given that nitrates move so freely in the medium. Pesticides and phitosanitary products are also potential groundwater pollutants, because they can be leached down from the surface. Yet another possible pollution source, is the dumping of animal waste, liquid waste and organic material that is left over from livestock farming, owing to the fact that all of these are major sources of nitrogen and, as a result, of nitrates.





Where surface waters are concerned, one of the main irrigation problems is  the water quality of irrigation effluents, which quality is always lower than the quality of the irrigation water applied. The salts removed by the excess of irrigation water, could be a major source of environmental deterioration, because they flow into rivers, thereby causing an increase in saline pollution; this eventually has a negative impact on surface-water quality.









2.1.	FERTILISERS AS POLLUTANTS.





Production increase means higher fertiliser consumption, and the products used are made up of nitrogen, phosphorus an potassium compounds, all of which are added in order to supplement the nutrients present in the soil. An increase in fertiliser use, makes both groundwater and surface-water pollution a cause for concern.







2.1.1.	NITROGEN COMPOUNDS





With respect to groundwater, these compounds are the main nutrients that cause pollution, because the mobility of nitrates. A high percentage of nitrogen is applied to the soil organically, mainly in the form of manure or urea, the rest is applied in an inorganic way.



Field research and laboratory experiments, have revealed that nitrogen compounds do not move very freely in the soil, so the only risk of pollution comes from these products in their broken-down form.



Most research work carried out into leaching processes of inorganic nitrogen compounds, is focused on nitrogen in the form of nitrites, ammonium and nitrates. The research indicates that the proportions of nitrites and ammonium are negligible, often less than 1% of the total nitrogen that is leached down into the groundwater. The concentration of nitrates in the water percolated into the groundwater, depends on the total amount of fertilisers applied, on the frequency of application and on the type of fertiliser used; this content is also dependent upon soil factors such as permeability, moisture and stratification, as well as the amount of water that reaches the soil, whether through rainfall or irrigation.







2.1.2.	PHOSPHOROUS COMPOUNDS.





Any type of phosphorus added as a fertiliser or released when organic material decomposes, rapidly becomes insoluble and it is fixed in the soil. That is why most phosphorus-related water-quality problems only affect to the surface water. Approximately 70% of phosphorous pollution in surface water, is a consequence of farming activity, because of the mere fact that a higher percentage of water is used in agriculture than in any other use. When phosphorous constitutes a pollutant of agricultural origin, it is normally associated with sediments, because particles containing phosphorus compounds are dragged away during the soil erosion process. The presence of phosphorous in surface water, causes entrophication which brings about a lowering of the water quality, makes it murkier, reduces the bio-diversity level and produces unpleasant smells; these adverse effects mean that it is more expensive to make the water fit for human consumption and to purifying it using other forms of treatment.

Only small amounts of these compounds find their way into groundwater, but this can happen when the soil has been overloaded and its fixation capacity has been fully saturated.







2.1.3.	POTASSIUM COMPOUNDS.





Potassium is normally applied to the soil in carbonate form, and it does not generally cause a groundwater pollution problem, because it is highly susceptible to adsorption by the soil.







2.2.	PESTICIDE POLLUTION





The term pesticides includes insecticides, herbicides, fungicides and fumigants. The pesticides can be applied as powders, granules and in pulverized form by terrestrial and aerial means; and in some cases, they are introduced into the soil where they can be leached down to the aquifer. Evidence of phytosanitary products causing pollution, can be found in both groundwater and surface water, and this can have a negative effect on biodiversity and human health . The three insecticides that constitute a major source of pollution, regarding the groundwater, are as follows: organochlorates, because they persist in the environment, organophosphorous, due to the fact that they move quite freely, and carbonates. Most herbicides are also a major source of groundwater pollution, because they have some mobility.



Research work conducted in several developed countries, has revealed the presence of pesticides in groundwater.



It was not until after 1980, that this type of groundwater pollution was first studied in Spain, and a more systematic research work was conducted between 1989 and 1993. Although considerable progress was made in the research undertaken, knowledge is still far from complete. The information that is available allows to indicate the following references to pesticides found in groundwater:



Early 80´s period: Small samples were taken that revealed the presence, generally in no very high concentrations, of a particular pesticide or different pesticides in the Campo de Dalias aquifer (Almería), the Vega de Granada aquifer, the Baza-Caniles aquifer, terrracing along the Ebro Valley and in two wells on the island of Gran Canaria.



After 1988, the former MOPTMA (Department of Public Works and Environment) started to control the pesticides content in the Plana de Castellón aquifer where several types were detected, although the maximum levels allowed were only occasionally exceeded.



From 1988-1993, the presence of 8 herbicides were analysed in 20 wells located in intensive farming areas in the provinces of Castellón, Valencia and Huelva, on approximately a yearly basis. In spite of the high contamination risk, a herbicide-content above the maximum limit permitted, was only found in 5 wells.



In 1992 and 1993, the MOPTMA carried on with its research work, taking and analysing samples from other aquifers where one or more pesticides had been detected. These places were in the Douro Basin and in aquifers in the following areas and regions: La Mancha (East), Vélez-Málaga, Motril-Salobreña and Liria-Casinos; in the alluvial deposits of the River Guadalquivir; on the Oropesa-Torreblanca, Gandía-Denia and Valencia plains, in aquifers of the Ebro Basin and also on the terracing in its river valley.







2.3.	SALINITY PROBLEM





Water pollution caused by salts as a result of farming practices, is more frequent in areas under irrigation. The salts of the irrigation water build up in the soil, because the plants can only use a very small amount of them. Furthermore, irrigation can dissolve some of the soluble salts of the soil, and speed up the fertiliser and pesticide leaching process.



Irrigation return water, is the the water used for irrigation that is not subject to evapotranspiration and eventually goes on to form part of the groundwater or the surface water after seepage or drainage has taken place. The salts that have concentrated in this irrigation return water, can bring about a deterioration in both groundwater and surface-water quality.



The composition of the irrigation return water in areas that have only recently been subjected to irrigation, usually depends basically upon the chemicals in the natural soil, whereas the quality of the water that has been applied in the past, is the main factor that determines the composition of the irrigation return  water in areas where irrigation has been practised for a long time.



The quantity of salts that seep into an aquifer, depends on the salt-content in the irrigation water and in the soil, the soil-type, the amount of rainwater and its distribution and the irrigation efficiency. Irrigation efficiency has a major effect upon the volume of irrigation return water. Inefficient irrigation causes considerable quantities of irrigation return water with a relatively low concentration of salts. By contrast, high efficiency leads to low amount of irrigation return water that have a fairly high concentration of salts. However, the overall quantity of salts that find their way into the aquifer, is often lower in the case of high efficiency.



One can only accurately evaluate the total amount of salts that reach rivers or channels that drain away excess of irrigation water if suitable information is available. Therefore it would be necessary to carry out monitoring campaigns, with a view to obtaining data concerning the discharges, salinity and chemical characteristics of the main outflows from the irrigation areas, as well as some of the secondary ones.





3.	PROTECTION AGAINST DIFFUSE WATER POLLUTION.





Many analyses have revealed that the arrival of residues from both the topsoil and subsoil, leads to a gradual pollution of groundwater and surface water. The experience gained in recent years, has given rise to the idea that implementing measures that will effectively protect water quality is a high priority, Prevention is undoubtedly the best way of protecting water quality and, in the light of this, it should receive a strong support.



In order to reduce the effects of fertilisers and salts that in some way contribute to the water pollution, efforts must be made to determine exactly which compounds should be applied. These compounds must only be applied in amounts that are strictly necessary, and at the right places and at the right times. Furthermore, it is essential that certain farming practices be improved, Such as crop rotation, tilling, etc. Irrigation water must also be efficiently applied in these situations.

 

	

With regard to pesticides, their contamination effects can be reduced by adhering to two criteria: firstly, the use of chemical pesticides can be replaced by other methods and, secondly, their effectiveness and efficiency can be increased by using only the amounts that are strictly necessary, or through applying more efficient and less persistent pesticides.



It would also be advisable to set up or to enhance, as the case may require, a network of quality control stations to monitor the quality of irrigation water returns from the irrigation areas, so that water pollution can be evaluated on a periodical basis.



4.	MEASURES AND STUDIES FORESEEN CONCERNING INPROVEMENTS OF WATER QUALITY IN RELATION WITH IRRIGATION AREAS ON TWO SPANISH BASINS.



A description is given below of a series of measures and studies envisaged with a view to improving water quality in relation with irrigation in the Segura and Ebro Basins. These actions form part of the proposed Hydrological Plans for the Segura and Ebro Basins, respectively. The aforementioned basins were chosen, because they are both representatives in different ways. The Segura is typical of a basin with limited water resources and intensive farming, whereas the Ebro has more abundant water resources and a more extensive farming.



The Segura Basin lies in S.E. Spain, and most crops grown are either horticultural or citrus fruits, all of which are high value crops. The Hydrological Plan Standards for this basin, contains a series of measures that have been draw up, with a view to improving quality where irrigation management is concerned. Actions included in this Hydrological plan standards are the followings:



Finding out which waters are affected by nitrate pollution caused by farming, and determining which zones are susceptible to this negative environmental impact, in accordance with the content of the EEC Directive.



Developing a management plan for the use of fertilisers, pesticides and fungicides, which describes the actions to be taken, together with the organisations and official bodies involved.



Planing the measures required to improve the quality of effluents from irrigation areas.



Examining the feasibility of implementing a drainage system to	 protect soil and aquifer quality.



Analysing the extent to which irrigation waters, effluents, etc. are polluted, through conducting periodical sampling campaigns, then incorporating the statistics into the information system for the Plan.



Determining water-quality levels in relation with the discharges, to prevent that salination occurs in the soils that are most susceptible to this phenomenon.



Specific and high priority analysis of the above-mentioned activities in the areas that are most adversely affected by these problems.



Also the Hidrological Plan Standards for the same basin, contains the following statement: Awareness campaigns will be organised, whose specific aim will be to furnish information about the importance and needs of preservation the groundwater quality standards. These campaigns will be specifically aimed at enlightening farmers, so that mineral fertilisers, containing nitrogen, and pesticides are used with caution, and the environmental impact to be reduced to a minimum. These campaigns will be launched regardless of and in addition to the standards that might be prescribed as a result of the Programmes mentioned above.



The Ebro Basin is located in North-East of Spain, and goes from close to the Bay  of Biscay in the North of Spain, to the Mediterranean. Irrigation is a long-established practice in many areas of the basin and farming is mainly extensive in nature, although fruit and horticultural crops are also grown. The Hydrological Plan Standards for this basin state the following, where agricultural  waste water and salinity are concerned:



Agricultural waste water. The studies will be conducted in accordance with  the following methodology:



Mapping the irrigation areas, Lithomorphological maps of the soil and homogeneous salinity zones must be drawn up to a suitable scale



The homogeneous salinity zones have to be defined for each area.



The main drainage network must be defined for each area.



Discharge monitoring and salinity defining campaigns. Selection of significant sampling points



Sampling and analysis of the predominant ions (Ca, Mg, Na, K, Cl, SO4, CO4 and HCO3) and lesser ions (Li, Sr, B). 



Analysis of findings.



Selecting network of sampling points.



Quantifying the salt yields in the irrigation polygons: relative and absolute magnitude.



Control network. Monitoring plan for water quality and its development.





Priority must be given to the diffuse waste water whose nitrate-content causes that the nitrate content in the grounwater exceeds 50 ppm in groundwater. While the Hydrological Plan is in force, the affected zone will be determined, and will be defined as being susceptible to negative environmental impact, as defined in EEC Directive , which deals with the protection of water against pollution caused by nitrates used in farming.



The solution proposed for reducing the adverse effects of salinity, are as follows:



Reuse of irrigation water returns.

Adjusting the irrigation amounts applied to the real crop requirements (improving efficiency).

Diverting irrigation effluents into water courses where its environmental  and economic impact will not be as negative (whenever this is feasible).



Salinity.  The salinity problem affecting the waters in the Ebro Basin, will be analysed. According with the work carried out by the Comisaría of Aguas del Ebro for defining a control network, the main aims will be the followings:



Making a clear distinction between the salinity problem affecting the surface water in the Ebro Basin, in relation with other pollution aspects.



Determining the extent of the problem.



Studying typologies of the major sources of salinity: natural salinity and induced salinity (mainly caused by farming).



Making it clear the progressive tendency to the deterioration in water quality by the effects of salinity.



Special emphasis will be place on studies in  the salination process in the Ebro Delta. Suck work will cover its development and potential solutions, and any work that has been conducted up to the present, will be used in helping to carry out this process, thereby encouraging collaboration with other  Administrations.
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