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8. Pollution of Groundwater 
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Introduction:  

• Groundwater pollution may be defined as the 

artificially induced degradation of natural 

groundwater quality. 

 

• Pollution can harm the use of water and can create 

hazards to public health through toxicity or the 

spread of disease. 

 

• Most pollution originates from the disposal of 

wastewater following the use of water for any of a 

wide variety of purposes. 

 

• Thus, a large number of sources and causes can 

modify groundwater quality, ranging from septic 

tanks to irrigated agriculture.  



 

8.1 POLLUTION IN RELATION TO WATER USE 

 

• All sources and causes of pollution can be classified as to their geometry.  

• A point source originates from a singular location, a line source has a 

predominantly linear alignment, and a diffuse source occupies an extensive 

area that may or may not be clearly defined . 

• Groundwater  contamination  scenarios  can be segregated into two 

categories: point sources and nonpoint (area, or distributed) sources.  

• Point sources include storage tanks (both underground and above-ground), 

landfills, pipeline releases, chemical manufacturing locations, petroleum 

refining locations, wood treating facilities, and many others are considered to 

be point sources.  

• Nonpoint (area or distributed) sources include agricultural activities, 

seawater intrusion. 
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• The principal  sources  and causes of  groundwater  pollution  can be 

categorized municipal, industrial, agricultural, and miscellaneous. Most 

pollution stems from disposal of wastes on or into the ground. 

 

• Methods of disposal include placing wastes in percolation ponds , on the 

ground surface (spreading or irrigation), in seepage pits or trenches, in dry 

streambeds, in landfills, into disposal wells, and into injection wells. 
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Point source pollution  



8.2 MUNICIPAL SOURCES AND CAUSES 

 
Sewer Leakage: 

• Sanitary sewers are intended to be watertight; however, in reality, 
leakage of sewage into the ground is a common occurrence, 
especially from old sewers. Leakage may result from poor  
workmanship, defective sewer pipe, breakage by tree roots, 
ruptures from heavy loads or soil slippage, fractures from seismic 
activity, loss of foundation support, shearing due to differential  
settlement at manholes, and infiltration causing sewage flow into 
abandoned sewer laterals. 

 

• Sewer leakage can introduce: high concentrations of BOD 
(biochemical oxygen demand), COD (chemical oxygen demand), 
nitrate, organic chemicals, and possibly bacteria into groundwater.  

 

• Where sewers serve industrial areas, heavy metals such as arsenic, 
cadmium, chromium, cobalt, copper, iron, lead, manganese, and 
mercury may enter the wastewater. 
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Solid Wastes: 
• The land disposal of solid wastes creates a potential important source of 

groundwater pollution. A landfill may be defined as any land area serving as 
a depository of urban, or municipal, solid waste. Many landfills are simply 
garbage dumps; only a fraction can be regarded as sanitary  landfills, 
indicating that they were designed and constructed according to engineering 
specifications. Leachate from a landfill can pollute groundwater if water 
moves through the fill material.  

 

• In a properly constructed sanitary landfill, any leachate generated can be 

controlled and prevented from polluting groundwater. In addition, it is 
assumed that the landfill is properly located, operated, and monitored. 

 

• The problem of pollution from landfills is greatest where high rainfall and 
shallow water tables occur. Important pollutants frequently found in 
leachate include BOD, COD, iron, manganese, chloride, nitrate, hardness, 
and trace elements. Hardness, alkalinity, and total dissolved solids are often 
increased, while generation of gases, such as methane, carbon dioxide, 
ammonia, and hydrogen sulfide, are further by-products of landfills. 
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8.4 AGRICULTURAL SOURCES AND CAUSES 
 

8.4.1 Irrigation Return Flows 

• Approximately one-half to two-thirds of the water applied for 
irrigation of crops is consumed by evapotranspiration; the 
remainder, termed irrigation returnflow, drains to surface channels 
or  joins the underlying groundwater. Irrigation increases the salinity 
of irrigation return flow from three to ten times that of the applied 
water.  

• The degradation results from the addition of salts by dissolution 
during the irrigation process, from salts added as fertilizers or soil 
amend ments, and from the concentration of salts by 
evapotranspiration (see Figure 8.4.1). 

• Principal cations  include calcium, magnesium, and sodium; major 
anions include bicarbonate, sulfate, chloride, and nitrate.  

• Because irrigation is the primary use for water in arid and semiarid 
regions, irrigation  return flow can be the major cause of 
groundwater pollution in such regions. 
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Figure 8.4.1. Agricultural 

uses of water and their 

effects on water quality. 



8.4.2 Animal Wastes: 

 

• Where animals are confined within a limited area, as for beef 
or milk production, large amounts of wastes are deposited on 
the ground. Thus, for the 120 to 150 days that a beef animal 
remains in a feedlot, it will produce over a half-ton of manure 
on a dry-weight basis.  

• With thousands of animals in a single feedlot, the natural 
assimilative capacity of the soil can become overtaxed. Storm 
runoff in contact with the manure carries highly concentrated 
pollutants to surface and subsurface waters.  

• Animal wastes  may transport salts, organic loads, and bacteria 
into the soil. Nitrate-nitrogen  is the most important persistent 
pollutant that may reach the water Table. 
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8.4.3 Fertilizers and Soil Amendments 
 

• When fertilizers are applied to agricultural land, a portion 
usually leaches through the soil and to the water table. The 
primary fertilizers are compounds of nitrogen, phosphorus, 
and potassium. Phosphate and potassium fertilizers are 
readily adsorbed on soil particles and seldom constitute a 
pollution problem. But nitrogen in solution is only partially 
used by plants or adsorbed by the soils, and it is the primary 
fertilizer pollutant. Fertilizers are extensively used and will 
undoubtedly increase in the future.  

 

• Soil amendments are applied to irrigated lands to alter the 
physical or chemical properties of the soil. Lime, gypsum, and 
sulfur are widely used for this purpose; substantial amounts of 
these soil amendments may eventually leach to the 
groundwater, thereby increasing its salinity. 
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8.4.4  Pesticides, Insecticides, and Herbicides 
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• Pesticides can be significant in agricultural areas as a diffuse source of 

groundwater pollution. 

 

• The terms pesticide, insecticide, and herbicide are broadly interpreted here 

to embrace any chemical applied to control, destroy, or mitigate pests.  

 

• The presence of these materials in groundwater, even in minute 

concentrations, can have serious consequences in relation to the potability 

of the water.  

 

• The impact of these chemicals on groundwater quality depends on the 

Properties of these chemicals' residue, rainfall or irrigation rates, and soil 

characteristics.  

 

• Most pesticides are relatively insoluble in water, while others are 

readily adsorbed by soil particles or are subject to microbial 

degradation. 



• Urbanization 
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8.5 MISCELLANEOUS SOURCES AND CAUSES 



• Another potential source of groundwater pollution is septic tanks 
and cesspools. 13 Commercial establishments, hospitals, 
industrial plants, and resorts employ septic tanks in areas where 
community sewer systems are not available.  

• A septic tank is a watertight basin intended to separate floating 
and settleable solids from the liquid fraction of domestic sewage 
and to discharge this liquid with its dissolved and suspended 
solids into the biologically active zone of the soil mantle through a 
subsurface percolation system such as a tile field, a seepage bed, 
or a sand-covered sand filter (see Figure 8.5.2).  

• A cesspool is a large buried chamber with porous walls designed 
to receive and percolate raw sewage. Domestic sewage adds 
minerals to groundwater. 

• Bacteria and viruses are normally removed by the soil system; 
phosphorus is generally retained by the soil, but significant 
quantities of nitrogen can be added to groundwater. 
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Septic Tanks and Cesspools 
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Figure 8.5.2. Disposal of household wastes through a 

conventional septic tank system. 
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Surface Water 



8.6 ATTENUATION (Reduction)  OF POLLUTION 

 
 

 

• Pollutants in groundwater tend to be removed or reduced 

in concentration with time and with distance traveled. 

•  Mechanisms involved include filtration, sorption, 

chemical processes, microbiological decomposition, and 

dilution.  

• The rate of pollution attenuation depends on the type of 

pollutant and on the local hydrogeologic situation. 

•  Attenuation (Reduction) mechanisms tend to localize 

groundwater pollution near its source; they also are 

responsible for the interest in groundwater recharge as a 

water reclamation technique. 
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8.9  MONITORING GROUNDWATER QUALITY 

 
• To protect a groundwater resource against pollution, a 

water quality monitoring program defined as a 

scientifically designed surveillance (investigation) system 

of continuing measurements, observation, and 

evaluations-is necessary. 

 

•  Monitoring methods may include not only sampling and 

analyses of groundwater quality, but also determination of 

groundwater levels and flow directions, measurements of 

moisture in the unsaturated zone, geophysical surveys, 

evaluations of wastes and other materials contributing to 

subsurface pollution, testing of pipelines and tanks, and 

aerial surveillance. 
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Types of monitoring programs 
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(1) Detection monitoring programs: detect an 

impact to groundwater quality.  

(2) Assessment monitoring programs: assess the 

nature and extent of contaminates and collect data 

for designing remediation . 

(3) Corrective action monitoring programs: assess 

the impact of a particular remediation design.  

(4) Performance monitoring programs: evaluate the 

effectiveness of an element of a groundwater 

remediation system.  
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Figure 8.9.1. Sequence of activities for groundwater monitoring  
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Figure 8.9.4.  General design of a monitoring  well 

in unconsolidated deposits). 



8.10 REMEDIATION OF CONTAMINATED 

GROUNDWATER 

 

• Remediation is a broad term that refers to the reduction of 

risk caused by exposure to contaminated groundwater. 

 

•  Alternatively, remediation seeks to protect human health 

and the environment and to restore groundwater to 

beneficial uses where practicable, ideally to restore 

groundwater to drinking water standards. 
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Remediations Goals 

• Complete restoration, which involves removal of all 

contaminants from the contaminated aquifer; 

 

• Nondegradation, which involves removal of contaminants 

that exceed either the detection limits of available analytical 

equipment or background concentrations; 

 

• Remediation to health-based standards, which involves 

removal of contaminants that are present at a concentration 

that could cause adverse health effects (some examples of 

health-based standards are maximum contaminant levels 

(MCLs), alternate concentration limits (ACLs), and local or 

federal drinking water standards); 49 



Remediations Goals 

• Remediation to the limits of technology-based standards, 

which involves use of the best available technology to 

remove as much of the contaminants as possible; 

• Partial-use restrictions (or institutional controls), such as 

legal restrictions on the use of groundwater in areas 

where groundwater has been contaminated, or physical 

barriers (e.g., fences) to prevent access to contaminated 

media; 

• Containment, which involves the use of engineered 

systems for preventing migration of the contaminants to 

locations where receptors could be exposed to the 

contaminants. 
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Three major remedies are: 

 (1) containment of groundwater, 

 (2) groundwater extraction, and 

 (3) treatment of contaminated 

groundwater. 
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End of Topic 5 
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