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OVERVIEW
In Unit 2, you learnt soil and its properties and in Unit 3 (Section 3.1), groundwater occurrence, movement and distribution, including brief introduction to its general characteristics. In this Unit (i.e., Unit 4), we will discuss the sources of soil and groundwater pollution. As we all know, water when passing through the soil may carry some amount of contaminants, which ultimately reach groundwater. Hence, you are first introduced to soil pollution, and then groundwater pollution. In Section 4.2, you will learn about groundwater pollution and implications of anthropogenic activities on groundwater. Then you will be introduced to various causative factors such as evaporation, temperature, urbanisation, overexploitation, etc., which influence groundwater levels.  In the next Section, we will discuss soil and groundwater quality and analyses. Finally, we will explain the groundwater quality in India as a case study. 

LEARNING OBJECTIVES

After completing this Unit, you should be able to:

· identify the sources of soil pollution; 
· identify the sources of groundwater pollution;

· explain causative factors which influence groundwater level; 

· assess the quality of soil and groundwater;

· characterise soil and groundwater based on physical, chemical and biological constituents; 

· analyse the groundwater situation in India.

 

4.1
SOIL POLLUTION

Soil functions as physical (sieving action), chemical (adsorption and precipitation) and biological (decomposition of organic materials) filters, and is valuable in nurturing plants and cleansing the environment. To meet the needs of a burgeoning population, soil is being degraded by various anthropogenic activities and the level of pollutants in the soil is exceeding the threshold limits. Soil may be physically polluted by being covered with trash or chemically polluted by contamination with toxic materials or heavy metals. It may be polluted biologically either by toxic materials or by poor management that exhausts its fertility, depletes its organic matter, and forms clods and crusts that restrict air and water movement. Thus, soil pollution is a result of the build-up of persistent toxic compounds, chemicals, salts, radioactive materials, and disease causing agents in soil, which have adverse effects on plant growth and animal health. Although soil is the most universal and extensive substance that cleans water and recycles waste, its capacity is not infinite.  There was relatively little concern about soil pollution until recent times. Intensive human activities have led to deforestation and land degradation resulting in serious environmental consequences. Sources of soil pollution can be linked to agricultural pollutants, industrial or urban waste accumulations, acidification by airborne pollutants, oil spills, etc. The sources of soil pollution can be classified into point and non-point sources.

Point source pollution is caused by pollutants that come from a concentrated originating point like a pipe from a factory or a large registered feedlot with a specific point of discharge such as hazardous waste spills or dumpsites. The characteristic feature of these pollutants is that they can result in acute toxicity to humans, plants and animals. These are readily identifiable and once identified easily controlled. Other examples include industries discharging oils, greases, metals, chemicals such as pesticides, disposal of used motor oil, etc. 

Compared to this, non-point source (NPS) pollution comes from many diffuse sources, such as, those caused by rainfall, snowmelt or irrigated water moving over and through the ground. As the runoff moves, it picks up and carries away natural and human made pollutants finally depositing them in lakes, rivers, wetlands, coastal waters and groundwater. These pollutants include excess fertilisers, herbicides and insecticides from agricultural lands and residential areas, salts from irrigated lands, acid drainage from abandoned mines, bacteria and nutrients from livestock, pet wastes, faulty septic systems, etc. These pollutants are spread over a broad area encompassing hundreds, thousands or even millions of hectares of soil; millions of litres of water and/or millions of cubic meters of air. Characteristically NPS pollutants are ubiquitous, but are low in concentration and their impact on human health, plants and animals is chronic in nature. Agriculture remains the single greatest contributor of non point source pollutants to air, soil and water.  In the following Subsections, you will learn the various sources of soil pollutants. 

4.1.1 
Agricultural pollutants

In the first Unit, you learnt about agricultural activities, which involve application of fertilisers (nitrogen and phosphorus) and pesticides. Nitrate from fertilisers ultimately leaches and reaches groundwater, while phosphorus along with nitrogen and pesticides traverses (in runoff) to the nearby surface water bodies and causes eutrophication. Another effect of nitrogenous gases (volatile gases from fertilisers) is acid rain, which increases soil acidity. In addition, improper irrigation practices also cause soil salinity, toxicity, etc. In Unit 1, you learnt how uncontrolled irrigation causes salt concentration in soil. The environmental concerns of excess soluble salts are crop losses and leaching of these salts to groundwater. Agricultural activities give rise to direct and indirect pollution. Direct pollution takes place due to the intensification of agriculture while indirect pollution arises from major changes in landuse. Now we will discuss the direct pollution (Troeh et al., 1999).

· Pesticides: As we have learnt in Unit 1, crop yields can be drastically reduced by the combined impacts of weeds, insects and plant diseases. This has led to increased use of pesticides to minimise crop damages. The highly toxic nature of these compounds (heavy metals such as copper, arsenic, etc.) poses serious environmental problems. These problems are amplified by the high application rates required for these materials and the non-decomposable nature of their active elements.  Furthermore, heavy metals are strongly held by cation exchange capacity of the soil, and the toxic accumulation can last for decades. Pesticides, usually insecticides applied to soil can have significant impact on soil animals ranging in size from earthworms to protozoa. The impact depends on the toxicity and persistence of chemicals. The chief concern relating to pesticides in soil is the process of pesticide leaching through the soil or run off into the surface water or groundwater. 

· Fertilisers: The dramatic increase in fertiliser use during this century has improved both the quality and quantity of crops produced. However, fertilisers contribute to soil pollution and consequently lead to groundwater contamination. Increased application of nitrogen fertiliser causes acidification, which in turn affects the microbial population. The excess nutrients may be held by the soil for a while, but eventually they will move either into groundwater or air.
· Plant residues: These on and in the soil are usually an asset rather than cause of pollution. They help control soil erosion, retain plant nutrients and produce soil organic matter. Nevertheless, plant residues can cause problems by accumulating as debris either on land or in water.

· Livestock wastes: The handling of livestock wastes varies widely. In India, dried cattle droppings are prized as fuel. Cattle manure contains about 6 kg of nitrogen, 1.5 kg of phosphorous and 5 kg of potassium. Nevertheless, manure applied at high rates can cause pollution because crops cannot use all the available nutrients. Nitrates and other soluble salts accumulate in the soil and drainage water. Runoff water, too, may become contaminated, especially if manure is left on the soil surface. 
· Water logging and salinisation: With irrigation water, salts are added to the soil and left behind when water evaporates, causing salinisation. Water logging is caused due to a rise in the water table.

So far, we discussed direct pollution due to intensification of agriculture. Next, we will discuss the indirect pollution arising from major changes in landuse.

· Deforestation: Clearing of forests for agriculture and fuel wood leading to deforestation.

· Soil degradation: The removal of vegetation leads to decay of organic matter, destruction of soil organisms, soil fertility, soil erosion, and irreversible hardening of the soil due to increased acidity.

· Desertification: Overgrazing, bush fires, expansion of agricultural crops, and deforestation has led to desertification. Studies reveal that mismanagement of resources is considered responsible for over 80% of recent worldwide desertification.

· Erosion: Most of the agricultural areas are susceptible to erosion by wind and water with wind erosion being more serious in arid and semi-arid regions.

· Sedimentation: It occurs when unfavourable soil material is deposited on top of the fertile soil (rich in organic matter). Sediment rich in clay is unfavourable for plant growth and for tillage operations.

· Acidification: This occurs as soil is leached by rainwater that removes cations such as Ca++ and Mg++ from the exchange sites and replaces them with H+ ions. This process is generally quite slow and eventually reaches equilibrium. Gradual acidification is natural in humid regions, but often it is greatly accelerated by anthropogenic effects. Some of this is inherent in the growth of plants, but some come from other sources. Generally, acidity is corrected by liming the soil.

4.1.2 
Municipal waste

Municipal wastes mainly include garbage, composts, sludge from treatment plants, sewage and waste from sanitary landfills. The major technical problem of garbage disposal (other than volume) is the toxic chemicals, pesticides, solvents, etc., contained therein, the leaching of which leads to water, soil and groundwater contamination, and the volatilisation of solvents. Sludge may also have microorganisms (virus and worms), toxic substances such as cadmium, copper, lead, nickel, mercury, etc., which get accumulated by adsorption in the soil and subsequently taken up by plants and animals. Liquid wastes include domestic sewage as well as some industrial effluents. Spreading wastewater on soil, does partial cleansing of water by percolation through the soil (results in soil pollution), although, not all contaminants in the water are removed. Soluble salts (from sewage) will continue to flow with the water to groundwater or surface water.  Gases formed by anaerobic decomposition of organic wastes in landfill also contaminate soil.

4.1.3 
Industrial waste

Industries produce a variety of solid, liquid, and gaseous wastes. Heat often accompanies the waste, and the solid waste includes slag from smelters, gypsum from phosphate fertiliser plants, sawdust from sawmills, and all kinds of scrap. The material may be wood, metal, cloth, paper, glass, rubber, etc. Reactive chemicals are important concerns, especially if they are toxic to people, animals, or plants. Some wastes are dense, bulky or combustible, whereas some are inert and resistant to decomposition, which ultimately contaminate soil and groundwater. Other pollutants are soil sediments - eroded soil becomes a serious pollutant, as they carry chemicals and radionuclides (adsorbed to surface of the soil particle). Table 4.1 shows environmental quality standards for soil pollution.

Table 4.1

Environmental Quality Standards for Soil Pollution

	Substance
	Standard for soil quality

	Cadmium
	0.01 mg/l in sample solution and less than 1 mg/kg in rice for agricultural land

	Cyanide
	Not detectable in sample solution

	Organic phosphorus
	Not detectable in sample solution

	Lead
	0.01 mg/l 

	Chromium (VI)
	0.05 mg/l 

	Arsenic
	0.01 mg/l, and less than 15 mg/kg in soil for agricultural land (paddy field only)

	Total mercury
	0.0005 mg/l 

	Copper
	Less than 125 mg/kg in soil for agricultural land (paddy field only)

	Carbon tetrachloride
	0.002 mg/l 

	Benzene
	0.01 mg/l 

	Selenium
	0.01 mg/l 



 

4.2
GROUNDWATER POLLUTION

In Section 4.1, you learnt about soil pollution, which ultimately affects groundwater.

Groundwater pollution may be defined as the degradation of groundwater. Many sources can modify groundwater quality, ranging from septic tanks to irrigated lands. In contrast with surface water, subsurface pollution is difficult to detect, and even more difficult to control, and may persist for decades. With the growing dependence and increased public awareness about the importance of maintaining groundwater quality, efforts to prevent, reduce, and eliminate groundwater pollution, is gradually increasing in most localities. 

There are different modes through which groundwater contaminants move such as advection (i.e., movement of contaminants along with flowing groundwater at seepage velocity in porous media), diffusion (i.e., molecular mass-transport process in which solutes move from areas of higher concentration to areas of lower concentration), dispersion (i.e., mixing process caused by velocity variations in the porous media) and adsorption. The most prevalent human activities that cause groundwater contamination are waste disposal, storage and transport of commercial materials, mining operations, agricultural activities, etc. (Candela, et al., 1995).  We will discuss the sources of groundwater pollution briefly.

4.2.1 
Waste disposal

This includes the disposal of solid and liquid wastes:

(i)
Liquid waste: Underground and surface disposal practices of domestic, municipal or industrial liquid waste can cause groundwater contamination. Among all disposal practices of domestic liquid waste, septic tanks and cesspools can cause high concentrations of biological oxygen demand (BOD), chemical oxygen demand (COD), nitrates (NO3-) and bacteria in groundwater. With regard to liquid waste, land application of sewage effluent and sludge (i.e., solid, semisolid, or liquid residue generated during the treatment of domestic sewage in treatment plants) is perhaps the largest source of groundwater contamination.

 (ii)
Solid waste: The land disposal of municipal and industrial solid waste is another potential cause of groundwater contamination. Uncontrolled dumping of waste is subjected to leaching by percolating rainwater and surface water or by groundwater contact with the fill. The generated leachates contain high levels of BOD, COD, nitrate, chloride, alkalinity, trace elements, hazardous waste, etc.

Many potential problems may occur from sludge application to land. The most significant problem affecting groundwater is excess concentration of nutrients entering the groundwater. Both nitrogen and phosphorus must be present in the sludge to provide nutrients for the plants. When the vegetation does not consume excess nutrients, they may enter the groundwater. However, phosphorus is insoluble and generally adheres to soil particles preventing it from contaminating the groundwater. On the other hand, nitrogen is very soluble and can easily contaminate an aquifer through leaching or from a rise in the water table. 

Sludge (from industries) also contains heavy metal, which could potentially pollute the groundwater. These are insoluble and are adsorbed by soil particles, but several heavy metals, such as cadmium, etc., are soluble and may pollute the groundwater. Heavy metals tend to accumulate in soils over time, increasing the chances of groundwater contamination. Minute concentration of heavy metals can adversely affect human health. Pathogen and organic contamination of groundwater are concerns of the land application of sewage sludge. However, in some cases chlorinated organic compounds, which are carcinogens, in extremely low concentrations, may enter the groundwater and adversely affect human health.

4.2.2 
Storage and transport of commercial materials

Groundwater contamination from storage and transport of commercial materials (petroleum products, chemicals, etc.) results from leaking storage tanks and spills.

(i)
Storage tanks: Underground and surface storage tanks and transmission pipelines are another cause of groundwater pollution. They are subjected to corrosion and structural failure, with the subsequent leaks introducing a variety of contaminants to the groundwater. Gasoline and petroleum products contain hydrocarbon components such as benzene, toluene, etc., which are soluble and hazardous in groundwater.

(ii)
Spills: Spills and discharges of chemicals from pipes, etc., can migrate downward and contaminate groundwater.

4.2.3 
Industrial sources and causes

The major uses of water in industrial plants are for cooling, sanitation, manufacturing, and processing. The quality of wastewater varies with the type of industry and use, while these wastes are processed and taken for dumping. The discharge of treated effluents on land also contributes to groundwater pollution. The disposal of hazardous and toxic industrial wastes in deep injection wells places the fluid far below freshwater aquifers.

4.2.4 
Mining operations 

Mining of minerals, metal ores and oil exploration contribute to groundwater pollution very severely.

(i)
Mines: Drainage of both active and abandoned surface and underground mines can produce a variety of groundwater pollution problems. Rainwater, in particular acid rain, falling on overexposed surface mines, produces high mineralised runoff referred as acid mine drainage (AMD). This runoff percolates and degrades the quality of groundwater. When acidic water travels through the fractures and fissures of carbonate rocks, where calcium carbonate, dissolves to form calcium bicarbonate, which is soluble in water. Calcium bicarbonate then forms equilibrium with free calcium and carbonic acid. The result of this chemical reaction is hard water. Although AMD is a natural biological process, the reaction rarely, if ever, occurs naturally. The process is often accelerated by human activities such as coal mining because mining exposes the pyrite to both air and water. When pyrite (FeS2), in overlying rock, is exposed to air and water, sulphuric acid is produced, which dissolves heavy metals such as lead, zinc, copper, and mercury, and allows them to enter the groundwater system. Lead and mercury are of particular concern when dissolved in groundwater, as they are extremely toxic to humans.

(ii)
Oil and gas: Oil and mining operations can also cause groundwater contamination. These operations generate substantial amounts of wastewater called brine. It is usually disposed off into deep wells and its constituents are ammonia, boron, calcium, dissolved solids, sodium, sulphate and trace elements, which subsequently degrade the groundwater. 

4.2.5 
Agricultural operations

In Unit 1, you learnt about agricultural activities, which involve application of fertilisers and pesticides. These ultimately percolate into the groundwater or are carried away by run-off.

(i)
Application of fertilisers: These are primarily responsible for groundwater pollution beneath the agricultural lands. Both inorganic and organic fertilisers are applied to land and some of them leach through the soil and reach groundwater table. Phosphates and potassium seldom leach into the soil, but nitrates get easily leached to groundwater and potentially harm if consumed at regular intervals.  

Nitrogen can be applied in various forms, the two common forms being ammonium phosphate and ammonium nitrate. Animal wastes can also be applied to provide nitrogen as a fertiliser. Nitrogen compounds in these wastes can be transformed into nitrate in oxidised conditions. Animal waste can also cause additional hazards, in that the pathogenic bacteria can migrate from these wastes into groundwater. In cases, such as poultry manure, heavy metals like copper can be released into the ground and depending on the valency of copper ion, can migrate into groundwater. Animal wastes are often applied directly to fields as a natural fertiliser, or found in collection ponds, where the nitrogen compounds migrate into the soil system and then to groundwater.

Nitrate in drinking water can cause potential health problems. The most familiar problem associated with elevated levels of nitrate (45 mg/l as NO3-) is methemoglobinemia or "blue baby syndrome" (Sampath, 2000). This is a condition resulting from the inability of blood to deliver enough oxygen to the body because of the presence of nitrate. Another health problem related to nitrate is cancer. Once ingested, nitrate reacts to form nitrite, which, in conjunction with organic compounds, forms N-nitroso (functional group) compounds in the stomach, many of which are known to be carcinogenic. Hence, increased nitrate levels in drinking water can increase cancer risks, and can contribute to hormonal and endocrine dysfunction by disrupting the thyroid gland.

(ii)
Application of pesticides: When applied to agricultural fields or disposed of in landfills, pesticides degrade by a variety of mechanisms. However, their by-products persist long enough to adversely impact the soil and groundwater. Once a pesticide has been applied to a field, several processes control its fate. Though there are many chemicals to take into account when considering their movement, they will be affected by various soil chemical properties (refer Unit 2). Sorption and desorption processes, degradation, transport and solubility are all important factors when considering pesticide fate (degradation, etc.) (Heatwole, 1992).

(iii)
Irrigation: Evapotranspiration consumes more than 50% of the water applied for irrigation of crops and the remainder drains to surface channels or joins the underlying groundwater, which is termed irrigation return flow. Irrigation increases the salinity of irrigation return flow from three to ten times that of the applied water. This degradation results from the addition of salts by dissolution during the irrigation process, from salts added as fertilisers or soil amendments, and from the concentration of salts by evapotranspiration. Because irrigation is the primary use of water in arid and semi arid regions, irrigation return flow can be the major cause of ground water pollution.  

4.2.6
Other activities

Inter-aquifer exchange and saltwater intrusion are two other anthropogenic activities that cause groundwater contamination; let us discuss these in brief:

(i)
Inter-aquifer exchange: In inter-aquifer exchange, two aquifers are hydraulically connected. Contamination occurs when contaminants are transferred from a contaminated aquifer to a clean aquifer. It is common when a deep well penetrates more than one aquifer, yield increases or when an improperly cased or abandoned well serves as a direct connection between two aquifers of differential potential heads and water quality. 

(ii)
Surface water: Polluted surface water bodies that contribute to groundwater recharge become sources of pollution. The recharge may occur naturally from a losing stream, or a nearby pumping well may induce it. To ensure adequate flows, municipal water wells are located adjacent to a river, which serve as important groundwater pollution mechanisms.

(iii)
Salt water intrusion: This is usually caused when the balance between fresh and saline water is disturbed. This can occur in deep aquifer with the upward advance of saline water of geological origin, in shallow aquifers from surface waste discharges and in coastal aquifers from intrusion of seawater.

The adverse effects of drinking contaminated groundwater could be severe (mortality of infants, cancer, etc.). Sources and effects of pollutants are listed in Table 4.2.

Table 4.2

Sources and Effects of Groundwater Pollution

	Threat
	Sources
	Health and ecosystem

effects at high concentration

	Nitrates
	Fertiliser runoff; manure from livestock operations; septic systems.
	Suffocation and death in infants; digestive tract and other cancers. Algal blooms and eutrophication in surface water.

	Pesticides
	Runoff from farms, backyards, landfill leaks.
	Some linked to reproductive and endocrine disorders; nervous system damage and cancer.

	Petrochemicals
	Underground petroleum storage tanks.
	Benzene and other petrochemicals can cause cancer even at low exposures.

	Chlorinated Solvents
	Effluents from metals and plastics degreasing.
	Linked to reproductive disorders and cancer.

	Arsenic
	Naturally occurring.
	Nervous system and liver damage, skin cancer.

	Radioactive Materials
	Nuclear testing and medical waste.
	Increased risk of certain cancers.

	Fluoride
	Naturally occurring.
	Dental problems; crippling spinal and bone damage.

	Salts
	Sea water intrusion, aquaculture.
	Freshwater unusable for drinking and irrigation.




4.3
ENVIRONMENTAL INFLUENCES AND

GROUNDWATER LEVELS

After learning the sources and effects of groundwater pollution, let us discuss the changes in groundwater levels due to environmental and anthropogenic factors. Groundwater level, be it the water table of an unconfined aquifer or piezometric surface of the confined aquifer, indicates the elevation of atmospheric pressure of the aquifer. Any phenomenon that produces a change in pressure on groundwater will cause the groundwater levels to vary (Todd, 1980). Levels are affected by natural environmental factors such as evapotranspiration, meteorology, etc and anthropogenic factors such as urbanisation and overexploitation. Differences between supply and withdrawal of groundwater cause levels to fluctuate. Stream flow variations are closely related to groundwater variations.  Underlying groundwater conditions lead to subsidence of the land surface.  Let us discuss the environmental factors, which affect groundwater levels in brief.

4.3.1
Temporal variations of levels 

The variations due to time can be further classified into secular, seasonal and short-term:

(i)
Secular variations: Secular variations of groundwater levels are those extending over a period of years. Alternating series of dry and wet years, in which the rainfall is above or below the mean, will produce long-periods of fluctuation in levels. Also, recharge acts as the governing factor, which depends on rainfall intensity, distribution, soil properties and amount of surface runoff.

(ii)
Seasonal variations: Groundwater levels show a seasonal pattern of fluctuation. This is due to influences such as rainfall and irrigation pumping that follow well-defined seasonal cycles. Highest levels occur in late monsoon and lowest in winter. In irrigated areas, lowest level occurs during autumn at the end of the irrigation season. The amplitude depends on recharge, pumpage, and type of aquifer (confined aquifer normally displays a greater range in level than unconfined aquifers).

(iii)
Short-term variations: Groundwater levels often display characteristic short-term fluctuations depending on the primary use of groundwater in a locality. Clearly defined diurnal variations are associated with municipal water-supply wells. Similarly, weekly patterns can be noticed for industrial and municipal uses.

4.3.2
Stream flow and groundwater levels

When a stream channel is in direct contact with an unconfined aquifer, the stream may recharge the groundwater or vice versa, depending on the relative levels. A gaining stream is one, which receives groundwater discharge, and a losing stream is one, which recharges groundwater. The term rising water is applied to a marked increase in stream flow in reaches where subsurface restriction forces groundwater to the surface. Various factors affecting groundwater level due to stream flow are:

(i)
Bank storage: During the flood period of a stream, groundwater levels are temporarily raised near the channel by inflow from the stream. The volume of water so stored and released after the flood is referred to as bank storage. 

(ii)
Base flow: Stream flow originating from groundwater discharge is referred to as groundwater runoff or baseflow. During precipitation, stream flow is derived primarily from surface runoff, whereas during extended dry periods all stream flow may be contributed by base flow. Stream flow at any instant contains groundwater contributed at previous times and different locations within the drainage area. During and after a storm period in a small drainage basin, the water table will rise, causing the base flow to increase.

4.3.3
Fluctuations due to evapotranspiration 

Unconfined aquifers with water tables near ground surface frequently exhibit diurnal fluctuations that cause discharge of groundwater into the atmosphere. They have nearly the same diurnal variations because of their high correlation with temperature. Factors affecting groundwater level are discussed below:

(i)
Evaporation: Evaporation from groundwater increases as the water table approaches the surface. The rate also depends on the soil structure, which controls the capillary tension above the water table and hence hydraulic conductivity.

(ii)
Transpiration: Where the root zone of vegetation reaches the saturated stratum, the uptake of water by roots equals the transpiration rate. Fluctuation magnitude depends on the type of vegetation, weather, etc. Hot, windy days produce maximum drawdown, whereas cool, cloudy days show only small variations.

(iii)
Evapotranspiration: From a practical standpoint, it is often difficult to segregate evaporation and transpiration losses from a groundwater source. Therefore, the combined loss, referred to as evapotranspiration, is the quantity normally measured or calculated. The variation of evapotranspiration in water table is shown in Figure 4.1 for three groundcover conditions namely bare soil, shallow-rooted vegetation and deep-rooted vegetation (Todd, 2001). It is apparent that deeper the root, greater is the depth at which water losses occur. 

Figure 4.1

Variation of Evapotranspiration from Groundwater
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4.3.4 
Fluctuations due to meteorological phenomena

The various meteorological aspects, which affect groundwater levels, are:

(i)
Atmospheric pressure: Changes in atmospheric pressure produce sizeable fluctuations in wells penetrating confined aquifers. The relationship between atmospheric pressure and groundwater level is inverse, that is, increase in atmospheric pressure decreases water levels, and vice versa.

(ii)
Rainfall: It is not an accurate measure of groundwater recharge as it depends on surface and subsurface losses as well as travel time for vertical percolation. The travel time may vary from a few hours in shallow water table zone to years in deep water table zones underlying sediments with low vertical permeability. In arid and semi arid regions, recharge from rainfall is almost zero.

(iii)
Wind: Minor fluctuations of water levels are caused by wind blowing over the surface of wells. The effect is identical to the action of a vacuum pump. As a gust of wind blows across the top of a casing, the air pressure within the well is suddenly lowered and consequently, the water level quickly rises. After the gust, the air pressure in the well rises and the water level falls. 

After discussing the changes in levels due to natural causes, let us now discuss the anthropogenic influence on groundwater levels. 

4.3.5
Urbanisation 

The process of urbanisation often results in changes in groundwater levels because of decreased recharge and increased withdrawal. In rural areas, water supplies are usually obtained from shallow wells, while most of the domestic wastewater is returned to the ground through cesspools or septic tanks. Conditions that disrupt subsurface water balance and decline in urban localities are:

· reduced groundwater recharge due to paved surface and storm sewers;

· increased groundwater discharge by pumping wells;

· disappearance of natural surface water bodies (lakes, ponds, tanks, etc.);

· decreased groundwater recharge due to export of wastewater collected by sanitary sewers.

These conditions not only lead to groundwater pollution, seawater intrusion and reduced stream flow but also lead to decline in water tables. 


4.3.6 
Over-exploitation of groundwater

Groundwater is the major source of drinking water in both urban and rural India. Besides, it is an important source of water for the agricultural and industrial sectors. Being an important and integral part of the hydrological cycle, its availability depends on the rainfall and recharge conditions. The maximum quantity of water that is actually available from a groundwater basin on a perennial basis is limited by the possible deleterious side effects that can be caused by pumping and by the operation of the basin. Here we will discuss over exploitation of groundwater and the likely consequences.

Over-exploitation (groundwater mining) occurs when groundwater extraction exceeds recharge from precipitation or surface water contribution. In such cases, an aquifer (of the aquifer system) undergoes pressure reduction changing the effective stresses in aquifers (grain to grain stress) and initiating subsidence in fine-grained, unconsolidated silt and clay aquifers (Magara, 1978). Water supply from natural or artificial lakes occupies an intermediate position between ground and surface water exploitation. Contaminants reach rivers and spring faster than groundwater and may affect groundwater much longer than spring and river waters. These differences arise from mean residence times (i.e., time for which contaminants remain in the water) that are important for physical, chemical and microbial elimination and disintegration processes with slow kinetics. Mean residence time of lake water is longer than river and spring water, but still shorter than groundwater. Although surface contamination has easy access to lakes, elimination processes and remediation techniques in lakes are usually quite efficient, because microbial processes occur quite efficiently in the presence of light (photolytic processes).

As shown in Figure 4.2, cone of depression develops within short times. The overexploitation of groundwater resources (since non-rechargeable portion of extracted groundwater is lost) causes mostly long-term transient hydrodynamic conditions and provokes hydraulic short circuits between different aquifer systems. This may lead to undesired water quality changes. Often overexploitation of groundwater resources exceeds the available groundwater recharge only slightly. It may not even result in an immediate draw down of the groundwater table because the aquifer is linked to adjacent aquifers, which substitute the missing groundwater.

Figure 4.2

Overexploitation forms Cone of Depression
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Groundwater sources can be classified into three categories depending on the extent of exploitation of the water. The first category is the one where the level of exploitation is below 65% of the annual utilisable groundwater potential. Second category includes areas and sources in the range of 65 % to 85 % exploitation levels while the third and worst category is the one where the level of exploitation exceeds 85 %. At the national level in India, only 8% of the groundwater sources have been exploited above 85 % of their potential. However, there are states where large sources fall under the third category. In Punjab, for instance, 62% of sources have been exploited beyond 85 %. Similarly, 33% in Haryana, 29% in Rajasthan and 25% in Gujarat are exploited beyond 85%.  Between 1984/85 and 1994/95, the percentage of third category areas in these states increased more than threefold on an average due to intensive exploitation of groundwater.

The secondary effects of overexploitation are:

· ground settlement of compressible soils due to the load created by de-watering;

· depletion of adjacent groundwater supplies;

· salt water intrusion (in coastal areas);

· expansion of contaminated plumes;

· release of polluted groundwater into environment;

· harmful effects on vegetation and wetlands;

· development of sink holes; 

· ground settling (land subsidence) due to over-exploitation.

Land subsidence is the lowering of the land-surface elevation from changes that takes place underground. Common causes of land subsidence due to human activity are pumping water, oil, and gas from underground reservoirs, dissolution of limestone aquifers (sinkholes), collapse of underground mines, drainage of organic soils and initial wetting of dry soils (hydro-compaction).

Over-drafting of aquifers is the major cause of subsidence, and as groundwater pumping increases, the tendency for land subsidence increases. In aquifers, ground water is pumped from pore spaces between grains of sand and gravel. If an aquifer has beds of clay or silt within or next to it, the lowered water pressure in the sand and gravel causes slow drainage of water from the clay and silt beds. The reduced water pressure is a loss of support for the clay and silt beds. Because these beds are compressible, they compact (become thinner), and the effects are seen as a lowering of the land surface. The lowering of land surface elevation from this process is permanent. For example, if lowered ground-water levels caused land subsidence, recharging the aquifer until ground water returned to the original levels would not result in an appreciable recovery of the land-surface elevation.

Land subsidence causes many problems including: 

· changes in elevation and slope of streams, canals, and drains; 

· damage to bridges, roads, railroads, storm drains, sanitary sewers, canals, and levees; 

· damage to private and public buildings; 

· failure of well casings from forces generated by compaction of fine-grained materials in aquifer systems. 


When compared to surface water, groundwater is well protected from pollution due to their deep location (40 – 200m depth) and usually contains less minerals, microbes, dissolved oxygen and organic matter, compared to soil, thus making it difficult for chemicals (due to pollution) to break down easily. The average time groundwater remains in the aquifer (groundwater reservoir) is 1,400 years, as opposed to just 16 days for river water. Similarly, the residence time of a chemical in groundwater is high. For example, the herbicide alachlor (used for maize, beans, sunflower etc) has a half-life of 20 days but nearly 4 years in groundwater.  Measurement on a regular basis of water levels in wells and boreholes provides the information of changes in groundwater resources and quality.  In the following Section, i.e., Section 4.4, we will discuss soil and groundwater quality aspects along with analyses to ascertain their suitability for irrigation, drinking, etc. 

 

4.4 
GROUNDWATER QUALITY AND ANALYSES

Now it is recognised that the quality of groundwater is just as important as its quantity, which depends on the consumption purposes such as drinking, industries, irrigation, etc. The quality of groundwater is established through investigation of its physical, biological and chemical properties. For example, a study of the chemical constituents and bacteriological analysis is necessary to ascertain, whether the quality of the water is safe to the consumer. Water, which is free from all disease producing microbes and chemical substances deleterious to health, is generally considered ‘safe water’.

Groundwater in natural state contains less than 1000 mg/l of dissolved solids (i.e., organic and inorganic material contained or dissolved in water), unless it has: 

· encountered highly soluble mineral, such as gypsum, etc.; 

· been concentrated by evapotranspiration; or

· been geothermally heated. 

Soil zone, aquifer gases, and the most soluble minerals and salts ultimately determine the chemical composition of groundwater in an aquifer. 

Groundwater is less susceptible to bacterial pollution than surface water because the soil and rocks through which ground water flows screens out most of the bacteria. Bacteria occasionally find their way into ground water, sometimes in dangerously high concentrations. However, absence of bacteria alone does not mean that the water is fit to drink. Many unseen dissolved minerals and organic constituents are present in ground water in various concentrations. Most are harmless or even beneficial, though occurring infrequently. Many others are harmful, and a few highly toxic. Water is a solvent and dissolves mineral from the rocks with which it comes in contact. The most common dissolved mineral substances are sodium, calcium, magnesium, potassium, chloride, bicarbonate, and sulphate. In water chemistry, these substances are referred as common constituents. 

Water typically is not considered desirable for drinking if the quantity of dissolved minerals exceeds 1,000 mg/l (milligrams per litre). Water with a few thousands mg/l of dissolved minerals is categorised as slightly saline, but is sometimes used in areas where less-mineralised water is not available. Water from some wells and springs contains very large concentrations of dissolved minerals and cannot be tolerated by humans, other animals or plants. Many parts of our country are underlain by highly saline ground water that has very limited uses. Dissolved mineral constituents in large concentrations could be hazardous to animals or plants.

Water that contains a lot of calcium and magnesium is said to be hard. The hardness of water is expressed in terms of the amount of calcium carbonate (the principal constituent of limestone or equivalent minerals) that would be formed if the water were evaporated. 

Much of the groundwater is recharged through a soil zone, which contains partial pressures of CO2 gas that is higher than atmospheric pressure. Thus, recently recharged groundwater generally contains high inorganic carbon concentrations. Aquifers composed of carbonate and rock contain highly soluble calcite and dolomite. Water in these aquifers has high concentrations of Ca2+, Mg2+ and HCO3-. Aquifers, which contain volcanic glass and feldspar minerals as their constituents, will contain Na+ and HCO3- ions. Microbial pathogens, including viruses, bacteria and protozoa are introduced to groundwater from domestic and municipal sewage. Some are decomposers and degrade some of the hazardous chemicals in the soil but some are harmful and may cause diseases in plants and animals. 

The quality of water will depend on many factors such as mineral content, organic life (plants, animals, bacteria), and whether or not there are factories or other industrial facilities nearby. It depends on local weather patterns (wind can contribute to water pollution by carrying airborne materials to the water). It also depends on how many humans live nearby, and whether or not their sewage is treated or disposed properly. 

In order to assess the quality of groundwater, we need to analyse the physical, chemical and biological properties.  Collection of representative sample is important in an effective groundwater testing programme, as the entire analysis and recommendation depends on the sample collected. The objective of sampling is to collect water, small enough in volume but accurately representing the groundwater being sampled. 

Wells are generally used to sample groundwater. When water table is close to the surface and where there are unconsolidated sediments, shallow temporary wells maybe installed. Deeper sampling requires well drilling machines. After a well is drilled, a casing is inserted through the length of the well with slots or screens, placed in the region from which the water is to be removed. Various pumps and bailers are available for sampling groundwater. The type of analysis to be performed on the samples collected should be known before selecting the system. Analysis of water can be broadly categorised into physical, chemical, and biological. Now, let us discuss about these analyses briefly, 

Physical analysis
The most common physical parameters (odour, colour, taste, temperature, turbidity, etc.) are: 

· Temperature:  The temperature of the air influences the temperature of the water, which in turn affects the amount of oxygen available to aquatic organisms. Water temperature is measured placing a thermometer (in Celsius) in the water.

· pH: Water contains both hydrogen ions (H+) and hydroxyl ions (OH-). This test measures the concentrations of these ions in liquids and substances. We use a pH scale (graphic below) to measure the acidity or alkalinity. If a liquid or substance has more H+ ions than OH- ions, then the water is acidic, or has a pH less than 7. If there are more OH- ions than H+ ions, then the substance is basic, or alkaline, having a pH greater than 7. 

· Turbidity: Turbidity refers to how clear or murky the water is. This will depend on the amount of precipitation, runoff, siltation and erosion. Clay, silt, industrial waste and sewage can affect the amount of turbidity. High levels of suspended matter (organic remains, silt, clay) can affect temperature, as turbid water retains more heat.

Chemical analysis
Important chemical parameters of water are: 

· Dissolved Oxygen (D.O): Oxygen is an important component of water. When water is very cold, it contains much more oxygen than when it is warm. A certain amount of oxygen can dissolve in water, until it reaches a saturation point, or the point at which it can no longer hold oxygen. However, when temperatures are high, the D.O levels drop dramatically, which can seriously affect the fish and other organisms present. The oxygen in water comes from surface (wave) action, wind and waterfalls. Large daily fluctuations of D.O. levels are characteristic of water bodies with extensive plant growth, with maximum O2 levels in the afternoon, and lowest O2 levels in the morning. Certain factors that affect the amount of dissolved O2, are temperature and decomposing vegetation (digested by aerobic bacteria, which consume large amounts of O2).

· Biochemical (or Biological) Oxygen Demand (BOD): The biochemical oxygen demand (BOD) is a measure of oxygen consumed by microorganisms under specific conditions. BOD determination is an empirical test in which standardised laboratory procedures are used to determine the relative oxygen requirements of wastewater, effluents and polluted waters. The test has its widest application in measuring waste loading to treatment plants and in evaluating the BOD-removal efficiency of such treatment systems. The test measures the molecular oxygen utilised during a specified incubation period for the biochemical degradation of organic material (carbonaceous demand) and the oxygen used to oxidise inorganic material such as sulphides and ferrous iron. It measures the amount of oxygen used to oxidise reduced forms of nitrogen (nitrogenous demaand) unless an inhibitor prevents their oxidation. Measurements of oxygen consumed in a 5-day test period (BOD5) is the standard, but other variations of oxygen demand exist, including shorter and longer incubation periods and tests to determine rates of oxygen uptake. 

· Chemical Oxygen Demand (COD): It is defined as the amount of a specified oxidant that reacts with the sample under controlled conditions. The quantity of oxidant consumed is expressed in terms of its oxygen equivalence. Because of its unique chemical properties, the dichromate ion (Cr2O72-) is the specified oxidant in the following method. Both organic and inorganic components of a sample are subject to oxidation, but in most cases, the organic component predominates. COD is a defined test; digestion time, reagent strength and sample COD concentration can affect the extent of sample oxidation. COD is often used as a measure of pollutants in wastewater as well as natural waters. Other related analytical values are BOD, total organic carbon (TOC) and total oxygen demand (TOD). In many cases, it is possible to correlate two or more of these values for a given sample. TOC is a measure of organic carbon in a sample; while TOD is a measure of the amount of oxygen consumed by all elements in a sample when complete (total) oxidation is achieved. Other chemical analyses include hardness, alkalinity, acidity, nitrates, phosphates, etc.

Biological analysis
Coliform is an indicator of pathogens in groundwater.  Fecal coliform refers to bacteria that live naturally within the digestive system of animals, mainly mammals, including humans. These enter water systems through excreta. Alternatively, they can enter waterways through runoff and discharge from farms, or even from leakage and discharge from septic and sewer systems. These bacteria are essential for digestion in the organism they live in naturally. However, if they enter another living organism, such as a human, they cause illness, nausea, or in some cases, death. Most wild animals are resistant to these bacteria, so it doesn't affect them much. However, for humans, clean, pollution and bacteria-free water is essential for survival. Therefore, it is necessary to test the water for the presence of fecal coliform bacteria. Table 4.3 provides the permissible limits of physical, chemical and biological parameters of water, if used for drinking purposes (NEERI, 1988; WHO, 1993).

Table 4.3

Standards for Drinking Purposes

	SL. No.
	Parameter and Pollutant
	Unit
	    Drinking Water Standards

     ISO 10500            (WHO)    

	1
	pH
	
	6.5 – 8.5
	6 – 8

	2
	Colour
	Pt – Co
	10-50
	20

	3
	Hardness (CaCO3)
	mg/l
	300-600
	150-300

	4
	Total Solids
	mg/l
	500
	< 500

	5
	Arsenic
	mg/l
	0.05
	0.05

	6
	Cadmium
	mg/l
	0.01
	0.005

	7
	Chloride
	mg/l
	250
	250

	8
	Lead
	mg/l
	0.05
	0.05

	9
	Chromium
	mg/l
	0.05
	0.05

	10
	Cyanide
	mg/l
	0.01
	0.01

	11
	Copper
	mg/l
	0.05-1.0
	1.0

	12
	Fluoride
	mg/l
	0.6-1.2
	1.5

	13
	Zinc
	mg/l
	5.0
	5.0

	14
	Manganese
	mg/l
	0.1-0.5
	0.1

	15
	Nitrate
	mg/l
	45
	10.0

	16
	Phenol Compound
	mg/l
	0.001
	--

	17
	Iron
	mg/l
	0.3-1.0
	0.3

	18
	Sulphate
	mg/l
	200
	400

	19
	Mercury
	mg/l
	0.001
	0.001

	20
	Coliform
	MPN
	Nil
	Nil

	21
	BOD
	mg/l
	3
	


Water analyses are done to assess quality of water to ascertain its suitability for usage. It can be done by several methods. The most common types of measurements are gravimetric (weighing), electrochemical (using meters with electrodes) and optical (including visual). Table 4.4 lists the common parameters and the methods used for quantification.

Table 4.4

Water Quality Parameters and their Method of Analysis

	Sl No
	Physical Parameter
	Method of analysis

	1
	Temperature
	Mercury Thermometer

	
	
	

	2
	TSS
	Gravimetric method

	3
	TDS
	TDS meter 

	4
	Conductivity
	Conductivity Bridge

	5
	Turbidity
	Nephelometric method

	6
	Colour 
	Visual comparison

	Sl No
	Chemical Parameter
	Method of analysis

	8
	pH 
	Electrometric method

	9
	Alkalinity
	Titration method

	10
	Acidity
	Titration method

	11
	Chlorides 
	Argentometric  method

	12
	Total Hardness
	EDTA Titrimetric method

	13
	DO
	DO Analyser

	14
	Sodium
	Flame Photometer

	15
	Potassium
	Flame Photometer

	16
	Sulphates
	Turbidimetric method

	17
	Nitrates
	PDA method


	18
	Phosphates
	Spectrophotometric method

	19
	Lead
	Atomic Absorption Spectrophotometer (AAS)

	20
	Copper
	AAS

	21
	Iron
	AAS

	22
	Chromium
	AAS

	23
	Cadmium
	AAS

	24
	Zinc
	AAS

	25
	Nickel
	AAS

	Sl No
	Biological Parameter
	Method of analysis

	26
	Bacterial Coliform
	Most Probable Number



 

4.5 
SOIL QUALITY AND ANALYSES

Soil quality (inherent and dynamic) is the capacity of a specific kind of soil to function within natural or managed ecosystem boundaries, sustain plant and animal productivity, maintain or enhance water and air quality, and support human health and habitation. Inherent soil quality is a soil’s natural ability to function. For example, sandy soil drains faster than clayey soil. Deep soil has more room for roots than soil with bedrock near the surface and these characteristics do not change easily. These aspects were discussed in detail in Unit 2. Soil provides 16 nutrients essential for plant growth: nitrogen, phosphorus, potassium, calcium, magnesium, sulphur, iron, copper, manganese, boron, chlorine, zinc, and molybdenum that originate in the soil from minerals and decaying plant and animal material; and carbon, hydrogen, and oxygen, found predominately in the atmosphere and in spaces between soil particles. The essential elements provided by soil are listed below:
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Depending on management practices of soil, its dynamic quality varies. Management choices might alter the amount of soil organic matter, soil structure, soil depth, water and nutrient holding capacity. Healthy soil depends on bacteria, fungi, and small animals (such as worms) to break down wastes in the soil and release its nutrients, which help in plant growth. The over use of fertilisers and pesticides can limit the ability of soil organisms to process wastes, which in turn makes the soil less productive or even poisonous. This necessitates assessment of soil quality to minimise soil degradation and to implement mitigation measures.

Soil quality cannot be measured directly, but we can evaluate its measurable properties, which provide the information about the functional aspects of soil. These properties could be categorised as physical, chemical and biological.  Texture (especially clay content), bulk density, aggregate stability and size distribution, and water-holding capacity constitute the physical indicators. The chemical indicators are pH, organic matter content, sodium absorption ratio, cation exchange capacity, cation saturation, etc. Bacteria, fungi, worms and actinomycetes are the biological indicators. You have learnt these indicators or properties in Section 2.5 of Unit 2 of this Course. To get the basic information on the nutrient capacity of the soil, analysis is conducted to quantify various physical, chemical and biological properties, which is listed in Table 4.5.

Table 4.5

Soil Quality Parameters and their Method of Analysis

	Sl No
	Physical Parameter
	Method of analysis

	1
	pH
	Electrometric method

	2
	EC (ms/cm)
	Conductivity Bridge

	3
	Moisture Content (%)
	Gravimetric method

	4
	Bulk Density (gm/cm3)
	Gravimetric method

	5
	Colour
	Visual comparison

	
	
	

	Sl No
	Chemical Parameter
	Method of analysis

	6
	Acidity / Alkalinity
	Titration method

	7
	Chlorides
	Argentometric  method

	8
	Calcium
	EDTA Titrimetric method

	9
	Magnesium
	EDTA Titrimetric method

	10
	Sodium
	Flame Photometer

	11
	Potassium
	Flame Photometer

	12
	Sulphate
	Turbidimetric method

	13
	Nitrate
	Kjeldahl method

	14
	Phosphate
	Bray's extractant method

	15
	Total Organic Carbon
	Wet Digestion method

	16
	Lime requirement
	Electrometric method

	17
	Lead
	Atomic Absorption Spectrophotometer (AAS)

	18
	Copper
	AAS

	19
	Iron
	AAS

	20
	Chromium
	AAS

	21
	Cadmium
	AAS

	22
	Zinc
	AAS

	23
	Nickel
	AAS



4.6 
CASE STUDY: GROUNDWATER QUALITY IN

INDIA

This Section introduces you to the groundwater quality of the five states of India, namely Maharashtra, Andhra Pradesh, Orissa, Karnataka and Tamil Nadu. These five states cover an area of around 900,000 km2 (around 1500 km north to south) and vary in terrain from upland plateau (in the Deccan region) to lowland alluvial plains (along the eastern coastal area). 

These regions experience a tropical monsoon climate with monsoon derived from both south-west (June to September) and north-east (January). Average annual rainfall in Tamil Nadu and Maharashtra is 1200 mm, from both monsoons. Average annual rainfall in Andhra Pradesh is 940 mm (from the south-west monsoon). India's economy is strongly dependent on agriculture, with about 67% of the national labour force involved in agriculture and about 30–40 % of area under irrigation.

The geology of southern India is varied but dominated by crystalline rocks. The Deccan region comprises a thick sequence of volcanic rocks predominantly of basaltic composition, extending from Belgaum in the south (Karnataka), northwards to just beyond Guna (Madhya Pradesh), but lying mostly in the state of Maharashtra. Sediments of various ages (Cretaceous to recent) are present along the south-east coast. 

Joints and fractures dominate the flow of groundwater in crystalline basement of the majority of southern India, as primary permeability is low. Groundwater is typically more abundant in the surface weathered horizons. The sedimentary formations in the eastern coastal part of southern India have higher potential for groundwater storage. 

Groundwater quality of India is strongly dependent on bedrock geology and climate but may also be impacted in parts by pollution, particularly from agricultural and industrial sources. The most important agricultural pollutants are nitrates and pesticides. Phosphate and potassium fertilisers are also used though the mobility of these beyond the soil zone is much less than that of nitrate (http://www.teriin.org). Now, we will discuss these parameters in detail.
Nitrate: The permissible limit for nitrate in drinking water is 10 mg/l (as N) as per WHO (World Health Organisation) guidelines.  The states of Maharashtra, Karnataka and Tamil Nadu are the worst affected by high nitrate inputs to aquifers, with average values in groundwater being 10.0, 10.6 and 5.9 mg/l respectively. Groundwater from Andhra Pradesh had an average concentration of 3.0 mg/l. These values exceed the limits set by WHO, although not significantly.

Iron and manganese: Few data exist for iron and manganese in most of the abstracted groundwater from Southern India. However, problems especially with iron are noted in groundwater under anaerobic conditions from the quaternary alluvial and deltaic aquifers of Orissa. Iron concentrations up to 37 mg/l in groundwater from Delang Block were recorded. Manganese concentrations were not so extreme but some were found to be above the WHO’s permissible limit of 0.5 mg/l (concentrations reported at up to 0.58 mg/l). The highest concentrations were found in groundwater from deeper parts of the aquifer (depths of 90-150m) in response to the development of increasingly anaerobic conditions with greater aquifer depth. 

Fluoride: High concentrations of fluoride, above 1.5 mg/l, contribute to severe health problems. Long-term use of groundwater for drinking has resulted in the onset of widespread fluorosis symptoms, from mild forms of dental fluorosis to crippling skeletal fluorosis. The worst affected states in southern India are Andhra Pradesh, Tamil Nadu and Karnataka. In Andhra Pradesh, concentrations of fluoride have been found in some of the groundwater at up to 20 mg/l and only 36% of groundwater samples from Andhra Pradesh have less than 1 mg/l of fluoride. Groundwater from the west coast has typically low concentrations (<0.5 mg/l, because of high rainfall and its diluting effect on groundwater). Fluoride concentrations in streams have been observed to increase during the dry season as a result of increased proportion of groundwater baseflow to streams during dry periods.

Arsenic: Although serious problems with arsenic are known to occur in groundwater, especially in anaerobic conditions of alluvial and deltaic aquifers of West Bengal and a localised area of Madhya Pradesh (because of mining activity in a sulphide, mineralised area), no occurrences of high arsenic concentrations have been reported from groundwater in southern India. It is considered that the groundwater from crystalline basement (granite, gneiss, Deccan basalt) is unlikely to have widespread and high concentrations of arsenic. 

Iodine: The study of groundwater in two Indian villages has shown iodine concentrations of 15-130 µg/l in shallow groundwater (12-15m) and 3.6-70 µg/l in deeper groundwater (15-33m). They noted that high concentrations correlated positively with fluoride and that goitre (goitre is a disease caused due to lack of iodine in food) occurrence was lower in the high-fluoride areas. Concentrations of iodine above 5 µg/l are sufficiently high to be considered non-goitrogenic. 

Other trace elements: High concentrations of boron (up to 0.48 mg/l) in slightly saline groundwater from the coastal quaternary aquifers of Orissa (WHO health-based guideline value for boron in drinking water, 0.3 mg/l) were noted. No other references could be found relating to occurrence of other trace elements of potential health concern.
SUMMARY

In this Unit (i.e., Unit 4), you learnt the various sources of soil and groundwater pollution namely agricultural pollutants, industrial wastes, disposal of wastes (solid, liquid, etc.), storage and transport of commercial materials (especially petroleum products, chemicals, etc.), industrial, agricultural and mining activities apart from other processes such as inter-aquifer exchange, salt water intrusion, etc. Pollutants travel down through the soil, undergo reaction and ultimately reach groundwater. Then we discussed environmental and anthropogenic factors such as meteorological, seasonal, urbanisation, over-exploitation, etc., which play a prominent role in affecting groundwater levels. This was followed by a discussion on the quality and analyses of soil and groundwater. Finally, you were given a picture of groundwater quality in India.
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Unit 4


Model Answers to Learning Activities
LEARNING ACTIVITY 4.1
Municipal waste is the major source of pollution in our locality. Our area is mostly residential and the principal wastes are garbage and combustible material. Due to the lack of proper containers to hold the waste and negligence by the authorities, these wastes contribute to soil pollution. There are 4 small auto repair shops and 2 service stations for 2 wheelers in our locality. Wastes such as oil, paint and other solvents contaminate the surrounding soil and may even leach into the groundwater. Construction and demolition wastes such as cement, lumber, dirt, etc., also contribute to soil pollution.

LEARNING ACTIVITY 4.2
True, soil pollution is the main cause of groundwater pollution. There are many sources of soil pollution viz. agricultural pollutants such as pesticides and fertilisers, mining operations, industrial wastes, municipal wastes, etc. The effects of agro-chemicals such as fertilisers and pesticides depend on the concentration of fertiliser applied, physical and chemical characteristics of the soil, etc. Nitrates in groundwater leached from soil pose a health risk to infants and animals. Pesticides can enter the groundwater by either leaching or runoff. Mining of minerals, metal ores and oil exploration contribute to groundwater pollution very severely, e.g., acid mine drainage from abandoned surface and underground mines and brine from oil and gas exploration. Municipal wastes mainly include garbage, composts and waste from sanitary landfill. They may contain toxic chemicals, pesticides, solvents, etc. that may enter the groundwater by leaching. The effects may not be readily noticeable but are generally visible after a few years.

LEARNING ACTIVITY 4.3
The environmental factors that affect groundwater levels are:

· variations due to time (secular, seasonal and short-term);

· stream flow and groundwater levels (bank storage and base flow);

· fluctuations due to evapotranspiration (evaporation, transpiration and evapotranspiration); 

· meteorological phenomena (atmospheric pressure, rainfall and wind).

LEARNING ACTIVITY 4.4
Over-exploitation occurs when groundwater extraction exceeds recharge (also referred as groundwater mining) from natural processes such as precipitation, etc. Over-exploitation of groundwater resources causes mostly long-term transient hydrodynamic conditions and provokes hydraulic short circuits between different aquifer systems. This may lead to undesired water quality changes. Some of the secondary effects include ground settlement of compressible soil due to the load created by dewatering, salt water intrusion, depletion of adjacent groundwater supplies, expansion of contaminated plumes, release of polluted groundwater into environment, development of sink holes and land subsidence.

LEARNING ACTIVITY 4.5
Following are the results of the sample of groundwater taken from our locality:

	Parameter and Pollutant
	Value

	pH
	6.55

	Total dissolved solids
	406.3 mg/l

	Chloride
	114.9 mg/

	Fluoride
	1.5 mg/l

	Sulphate
	0.093 mg/l

	Acidity
	20 mg/l

	Alkalinity
	245 mg/l

	Sodium
	90.248 mg/l

	Potassium
	3.62 mg/l

	Phosphate
	0.443 mg/l

	Coliform
	Present


Even though most of the parameters are well within the specifications of Indian Standards for drinking water, the presence of coliform bacteria makes it unfit for drinking. The contamination may be due to leakage from a nearby septic tank. Moreover the fluoride concentration is also high. I suggest that the water be treated before it is used for drinking purposes.  







































































































(LEARNING ACTIVITY 4.5





Check whether the quality of groundwater in your region, is suitable for drinking. Justify.





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 4.4





Discuss the consequences of groundwater over-exploitation.





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 4.3





List various environmental factors that determine groundwater level (or water table).





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 4.2





Is soil pollution the main cause of groundwater pollution? True or False. Justify.





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 4.1





Identify the sources of soil pollution in your locality.





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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