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One of the major environmental problems today is groundwater pollution.  Pollutants originating 
from both anthropogenic and
tend to threaten groundwater.  This polluted groundwater in turn threatens both human and 
environmental health through acute and chronic exposures.  In order to provide protection to b
human and environmental health, there is need to prevent groundwater pollution in the first place by 
ensuring the elimination of pollutants at their sources.  However, If pollution eventually occurs, the 
polluted groundwater can be remedied using a wid
methods (i.e. pumping out of water from aquifer and treating on the surface, e.g. steam stripping, 
carbon adsorption, chemical oxidation, thermal treatment, bioremediation, etc) and in
(i.e. in
monitored natural attenuation, bioremediation, etc).  Common remedial measures such as boiling, 
filtration, sedimentation and chlorination should be adopted for trea
consumption on the home front.  A typical case of groundwater pollution is that of Ogoniland, Niger
Delta, Nigeria, contaminated with petroleum hydrocarbons but yet to be given any adequate remedial 
attention.  Remediation as an optio
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INTRODUCTION 
 
One of the major environmental problems today is 
groundwater pollution. Development in agriculture and 
industry, including urbanization, has led to the production of 
numerous chemicals and consumables, and generation of 
enormous wastes (Forster et al., 1998; Kehinde, 1998; Adelana 
et al., 2003; Adelana et al., 2004; Adelana et al
2005; Ocheri, 2006; Adelana et al., 2008; Govt. of Canada, 
2010; Longe and Balogun, 2010; Eni et al
improper handling and disposal of these hazardous ch
and wastes poses a threat to groundwater, and constitutes a 
major source of anthropogenic pollution of groundwater 
(Ogunbajo and Kolajo, 2004; Adelana et al
and Yusoff, 2011). Todd (2004) defined groundwater pollution 
as the artificially induced degradation of natural groundwater 
quality. In other words, any addition of undesirable substances 
to groundwater caused by human activities is considered to be 
pollution (Tchobanoglous and Schroeder, 1987; Govt. of 
Canada, 2010).  
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ABSTRACT 

One of the major environmental problems today is groundwater pollution.  Pollutants originating 
from both anthropogenic and natural activities classified into point sources and non
tend to threaten groundwater.  This polluted groundwater in turn threatens both human and 
environmental health through acute and chronic exposures.  In order to provide protection to b
human and environmental health, there is need to prevent groundwater pollution in the first place by 
ensuring the elimination of pollutants at their sources.  However, If pollution eventually occurs, the 
polluted groundwater can be remedied using a wide variety of techniques categorized into ex
methods (i.e. pumping out of water from aquifer and treating on the surface, e.g. steam stripping, 
carbon adsorption, chemical oxidation, thermal treatment, bioremediation, etc) and in
(i.e. in-place treatment of water, e.g. air-sparging, permeable reactive barriers, nanoremediation, 
monitored natural attenuation, bioremediation, etc).  Common remedial measures such as boiling, 
filtration, sedimentation and chlorination should be adopted for trea
consumption on the home front.  A typical case of groundwater pollution is that of Ogoniland, Niger
Delta, Nigeria, contaminated with petroleum hydrocarbons but yet to be given any adequate remedial 
attention.  Remediation as an option may not be feasible, hence, prevention is always the best option.
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One of the major environmental problems today is 
groundwater pollution. Development in agriculture and 
industry, including urbanization, has led to the production of 
numerous chemicals and consumables, and generation of 
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improper handling and disposal of these hazardous chemicals 
and wastes poses a threat to groundwater, and constitutes a 
major source of anthropogenic pollution of groundwater 

et al., 2008; Akinbile 
Todd (2004) defined groundwater pollution 

cially induced degradation of natural groundwater 
quality. In other words, any addition of undesirable substances 
to groundwater caused by human activities is considered to be 
pollution (Tchobanoglous and Schroeder, 1987; Govt. of 
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Besides resulting from human activities, groundwater pollution 
can also emanate from natural processes, as water (a universal 
solvent) tends to dissolve substances that degrade its quality as 
it moves through rocks and subsurface soil (National Academy 
of Sciences, 1984; Sajad et al
2004; Akinbile and Yusoff, 2011; Hassan, 2012). Hence, 
groundwater pollution occurs 
ground find their way into the groundwater and degrade the 
natural quality of the water or due to the dissolution of 
minerals or chemicals or elements that constitutes the rocks of 
the earth, by groundwater in motion. In Ni
where there is huge environmental degradation (Olokesusi, 
1987), the groundwater is under serious threat by various 
pollutants as indicated by numerous research (
et al., 2004; Adekunle et al., 2007; Iwegbue, 2007; Alexa
2008; Ilemobayo and Kolade, 2008; Ipeaiyeda and Dawodu, 
2008; Edet and Worden, 2009; Ufoegbune 
et al., 2010; Dan-Hassan and Olasehinde, 
2010; Nwankwoala and Udom, 2011; Adelowo 
Adamu et al., 2013; Omono 
studies and findings on groundwater pollution have been 
carried out in different parts of the country and documented by 
various authors including, Olayinka and Olayiwola, 2001; 
Abimbola et al., 2005; Obase 
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Besides resulting from human activities, groundwater pollution 
can also emanate from natural processes, as water (a universal 
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it moves through rocks and subsurface soil (National Academy 
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 when pollutants released to the 
ground find their way into the groundwater and degrade the 
natural quality of the water or due to the dissolution of 
minerals or chemicals or elements that constitutes the rocks of 
the earth, by groundwater in motion. In Nigeria to be precise, 
where there is huge environmental degradation (Olokesusi, 
1987), the groundwater is under serious threat by various 
pollutants as indicated by numerous research (Ibe, 1999; Musa 

., 2007; Iwegbue, 2007; Alexander, 
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2010; Nwankwoala and Udom, 2011; Adelowo et al., 2012; 
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2014 among many others. Most of these findings were above 
the prescribed limits for drinking water by the Nigerian 
Standard and WHO – guidelines. On the other hand, polluted 
groundwater constitutes human and environmental health 
hazards, and should be given adequate attention to prevent its 
occurrence or be properly remedied when it occurs. 
Groundwater remediation therefore, refers to the removal of 
pollutants or contaminants from groundwater to provide 
protection to both human and environmental health. Research 
has shown that groundwater pollution can occur instantly, but 
remediation of the same groundwater is usually slow, difficult, 
expensive and sometimes impossible (Akujieze, 2006; 
Akujieze and Ezomo, 2010).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SOURCES AND IMPACTS OF GROUNDWATER 
POLLUTION  
 
Sources of Groundwater Pollution 
 
There are many different sources of groundwater pollution 
(Fig. 1).  Groundwater becomes polluted when natural and 
anthropogenic substances from septic disposal systems, 
leaking underground storage tanks and piping, salt water 
intrusion, landfills and dumpsites leachates, agricultural 
activities, naturally occurring heavy metals, mining and 
industrial activities, radioactive decay of Uranium, etc. are 
dissolved or mixed in waters recharging the aquifer (Biswas, 
1997; Aremu et al., 2002; Glenn, 2002). Though pollutants 
may reach groundwater from a variety of sources as indicated 
in fig. 1 above, they are categorized into two main sources:  
point sources and non-point sources (Krueger, et. al. 1998; 
Suzuki, et al., 1998; Schwarzbauer, J., 2006). 
 
Point sources of pollution 
 
Point sources of pollution refer to pollutant sources that 
originate from a single or specified location or point.  Among 
these are municipal landfills, industrial waste disposal sites, 
septic tanks, leaks or spills of petroleum products, acid mine 
drainage, etc. and of which few are further considered below. 

Landfills: (Fig. 2) are, essentially, holes in the ground filled 
with wastes (Younger, 2007).  A percolating rainwater finds its 
way into the landfill dissolving the landfill materials 
(household chemicals, paints, car battery acid, solvents, etc) to 
form a solution known as ‘leachate’. Several studies confirmed 
the potential toxicological risk of landfill leachates (Cameron, 
et al., 1980; Atwater, et. al; 1983; Ikem et al., 2002; Mohd et 
al., 2011). This leachate from old unlined landfills or lined but 
leaking landfills might leach or migrate into the groundwater, 
thereby, polluting the groundwater. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2. Landfill.  Source: Lyle (2015) 

 
Septic Systems: Leakage of effluents and solid wastes from 
septic tanks and cesspools resulting from improperly sited, 
designed, constructed, or maintained septic system (fig. 3) may 
find its way into the groundwater and contaminate it  with 
bacteria, viruses, nitrates, phosphorous, detergents, oil, 
household chemicals, and other contaminants causing serious 
problems.  Also, untreated or inadequately treated solid wastes 
from sewage plants can also leak these contaminants into the 
groundwater. 
 
Acid Mine Drainage: Mines can produce a variety of 
groundwater pollution problems (Todd, 2004; Ezekwe et al., 
2012).  Acid mine drainage from coal and metal mines can 
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Fig. 1.  Sources of groundwater pollution.  Source: USEPA (2002) 

 



contaminate both surface and groundwater (Plummer et al., 
2005).  Coal deposits are often associated with pyrite (FeSO4), 
so also some metals are associated with pyrite and other sulfide 
minerals.  The oxidation of sulfur in these minerals due to 
exposure to air results in the formation of sulfuric acid which 
contaminate the groundwater.  Groundwater pollution can also 
result from the leaching of soluble minerals from the mine 
wastes (tailings) into the groundwater. 
 

 
 

Fig. 3. Septic System. Source: Lyle (2015) 
 
Tank and Pipeline Leakages: Leakage of petroleum and 
petroleum products due to structural failure in surface and 
underground tanks, including pipelines abounds worldwide.  
Storage tanks containing gasoline (fig. 4), oil, chemicals, or 
other types of liquids (including liquid radioactive wastes) can 
corrode, crack and develop leaks which migrate into the 
groundwater causing a serious pollution problem (Borden and 
Kao, 1992; Govt. of Canada, 2010).    
 

 
 

Fig. 4. Underground Storage Tank. Source: Plummer et al. (2005) 
 
Non-point sources of pollution 
 
Non-point sources of pollution refer to pollutant sources that 
cannot be traced to specific point.  These sources are diffused 
or scattered rather than originating from a single discrete 
source or location.  Examples of non-point sources include 
agricultural chemicals, such as fertilizers, herbicides, 
pesticides (insecticides, fungicides, rodenticides, and avicides), 
and animal wastes.  Similarly, contaminants in rain and snow, 
and run-off from urban areas are non-point sources of 
pollution.  Non-point sources are further considered below. 
 

Fertilizer 
 
The extensive or excessive use of nitrogen fertilizers in 
agricultural fields (fig. 5), forests, golf courses and lawns tends 
to deposit large amount of nitrate in the soil.  This nitrate can 
easily be leached by rain or irrigation water into the 
groundwater, especially when the groundwater is shallow and 
unprotected (unconfined), thereby causing groundwater 
pollution. 

 

 
 

Fig. 5. Fertilizer Application on plants. Source: Lyle (2015) 

 
Pesticides and Herbicides 
 
Pesticides and herbicides (such as DDT and 2, 4 –D) applied to 
agricultural crops (fig. 6) can find their way into groundwater 
when rain or irrigation water leaches the poisons downward 
into the soil (Plummer et al, 2005).  In addition to agriculture, 
homeowners, businesses (eg. Golf courses), use these 
chemicals which seep into the ground and eventually into the 
water. 
 

 
 

Fig. 6. Pesticides application on plants. Source:  
Plummer et al. (2005) 

Animal Waste 
 
The raising of animals normally results in the generation of 
large quantities of waste (fig. 7).  These wastes from animal 
feedlots may contain bacteria and viruses which percolates into 
the ground, thereby, contaminating the groundwater.  The 
spreading of these wastes on the land as fertilizers, and their 
storage, also constitute a source of contamination. Research 
has shown that groundwater contamination goes unnoticed for 
a long time in most cases, and becomes recognized only after 
the users have been exposed to potential health risks.  Pollution 
of groundwater can result in poor drinking water quality, loss 
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of water supply, degraded surface water systems high cleanup 
costs, high costs for alternative water supplies, and/or potential 
health problems (EPA, 2002). 
 

 
 

Fig. 7. Diagram of animal feedlots. Source: Plummer et al. (2005) 
Impacts of Groundwater Pollution 
 
Polluted groundwater can hurt animals, plants, or humans 
when it is removed from the ground by man-made or natural 
processes and can pose a serious threat to lives either directly 
by ingestion or dermal contact with polluted groundwater or 
indirectly through the food chain or web. 
 
Impacts on the ecosystem 
 
Ecosystem can be severely affected by pollution (Begum et al., 
2009) via groundwater, as the local flora and fauna may be 
relying on it. Interaction between surface and underground 
water indicates that surface water (losing stream) seeps 
through the soil and becomes groundwater.  Conversely, 
groundwater can also feed surface water sources (gaining 
stream).  Hence, surface water bodies can be degraded by a 
polluted groundwater, which upsets their ecological balance 
(Govt. of Canada, 2010). 
 
The deposition of heavy metals and hazardous chemicals in the 
soil through polluted groundwater, can lead to soil infertility 
(Akinbile and Yusoff, 2011). This in turn has a devastating 
effect on vegetation as many plants have a limited tolerance to 
specific metals and organic substances.  It can also lead to 
poisoning of crop irrigated with polluted groundwater, which 
in turn affects herbivorous animals (especially ruminant 
animals) that feed on agricultural plants (Abolude et al., 2009; 
Akinbile and Yusoff, 2011), and also affects microbial 
population. 
 
Impact on human health 
 
The occurrence of polluted groundwater constitute a risk to 
human health. Polluted groundwater may contain disease 
carrying organisms such as bacteria, viruses, protozoa, and 
parasitic worms.  These agents can cause diseases like 
hepatitis, cholera, dysentery, poliomyelitis, and typhoid 
(USEPA, 2002), which are generally known as water-borne 
diseases. Exposure to polluted groundwater can cause diarrhea, 
skin irritation, respiratory problems, stomach irritations, ulcers 
and intestinal disorders which can lead to more severe health 
effects. Accumulation of heavy metals and some organic 
pollutants can lead to cancer, reproductive abnormalities, 
neurological disorder and other more severe health effects.  
These health problems could be permanent and irreversible 

(Greenberg and Bederman, 2015). However, health effects 
from groundwater pollution depend on the types of chemicals 
or specific pollutants in the water.  Hence, there is need for the 
individual consideration of these typical pollutants or 
chemicals.  These pollutants are tolerated to a certain level but 
become threatening when they exceed the Maximum 
Allowable Limits (Nwachukwu, et al.,2014). 
 
Lead 
 
Lead is extremely toxic to humans and other mammals.  Its 
accumulation in the body can have serious effects on the 
central nervous system, kidney, liver; and cause pregnancy 
risks, with hearing and learning disabilities in children 
(USEPA, 2002).  Lead can also cause slight increase in blood 
pressure in adults, and probably carcinogenic. 
 
Mercury 
 
Mercury causes acute and chronic toxicity.  It can damage the 
nervous systems and brains of humans, including the 
interference with nervous systems development in fetuses and 
young children. 
 
Barium 
 
Low exposure to barium via groundwater can cause stomach 
irritation, swelling of the brain and liver, cardiac disorders, and 
breathing difficulties but can cause serious paralyses at high 
exposure or dosage. 
 
Arsenic 
 
Arsenic pollution has been reported to occur in many parts of 
the world (Allan et al., 2000; Gbadebo, 2005;). Arsenic 
poisoning causes acute and chronic toxicity.  It causes serious 
liver, kidney and nervous system damage, cardiovascular 
damage, and skin, lung and bladder cancer, and arsenicosis 
(fig. 8), (Chakraborti et al; 2002).   

 

 
 
Berylium 
 
Exposure to berylium causes acute and chronic toxicity.  It can 
cause damage to lungs and bones.  Berylium is possibly 
carcinogenic. 
 
Cadmium 
 
Cadmium tends to replace zinc biochemically in the body.  It 
causes high blood pressure, liver and kidney damage, 
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deformities, anaemia, and cardiovascular problems (Goyer and 
Clarkson, 2001).  Cadmium also destroys testicular tissue and 
red blood cells. 

8a 

 
 

8b 

 
 

8c 
Fig. 8. Skin Lesions/Arsenicosis.Source: Allan, et al. (2000) 

 

Chromium 
 

Although chromium III is a nutritionally essential element, 
Chromium VI tends to cause liver, brain, nervous system, and 
kidney damage, internal hemorrhaging, respiratory damage, 
dermatitis, and ulcers on the skin. 
 

Cyanide 
 

Exposure to water polluted with cyanide can result in a damage 
to spleen, brain, and liver. 
 

Copper 
 

Long-term exposure to copper may cause stomach and 
intestinal distress, dizziness, liver and kidney damage, and 
anaemia. 
 

Zinc 
 

Zinc is an essential element in human body.  However, in 
higher dose, zinc can cause vomiting, skin irritations and 
anemia, and can lead to damage in pancreas , and respiratory 
problems in very high doses. 
 

Iron 
 

Iron is an essential element for the blood in a moderate 
amount, but may cause conjunctivitis and retinitis if it comes 
in contact with the tissue. 

Sodium 

 
Sodium is required by the body in low level, but in excess, 
sodium can lead to high blood pressure and kidney damage. 

 
Sulfur 
 
Exposure to sulfur in water can lead to heart damage, 
reproductive failure, immune system damage, and eye 
problems. 

 
Fluorine 
 
Exposure to fluorine in water can cause damage to the kidney, 
nerves, muscles, and bones. 
 
Fluoride 

 
This is an essential chemical containing fluorine that is often 
added to toothpaste and sometimes to drinking water to protect 
teeth from decay.  High doses of fluoride can cause yellowing 
of the teeth, damage to the spinal cord and crippling bone 
disorders. 

 
Petrochemicals 

 
Benzene and other petrochemicals have shown to cause 
leukemia and neuromuscular, kidney, liver and nervous system 
damage even at a low exposure levels (Bako et al., 2008).  
These chemicals are also known to cause cancer, anemia, 
gastrointestinal disorder, skin irritation, blurred vision, 
headache, nausea, fatigue, rashes, weight loss, and eye and 
respiratory tract irritation (USEPA, 2002).  Excessive or long 
term exposure can lead to death. 

 
Chlorinated Solvents 

 
These can cause cancer, and damage to nervous system, 
reproductive system, kidney, stomach and liver. 

 
Pesticides 
 
The organo-chemicals present in pesticides can poison the 
human body systems and cause cancer, gastrointestinal 
disturbance, numbness, weakness, dizziness, headaches, and 
can destroy the nervous system, thyroid, reproductive system, 
liver, endocrine and kidneys. 

 
Nitrates 

 
Exposure to nitrates can cause cancer, shortage in vitamin A, 
and tends to decrease the functional capacity of thyroid glands.  
It can also inhibit the capacity of blood to carry oxygen leading 
to decreased oxygen level (USEPA, 2002; USEPA, 2009). 

 
Coliform Bacteria 

 
The presence of pathogenic bacteria, viruses and parasites in 
drinking water can cause polio, cholera, typhoid fever, 
dysentery, and infectious hepatitis. 
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Socio-economic impacts 
 
Social stigmatization: Research has shown that most people 
who suffer from dreaded skin-related diseases such as 
arsenicosis are ostracized by the general public with the fear 
that such disease is communicable and could be contracted.  
There are existing cases of married women being divorced or 
employees losing their jobs due to arsenicosis, which subjects 
them to serious trauma. 
 
High costs of medical treatment:  People who are affected by 
any of the life-threatening diseases including cancer, anemia, 
and kidney, liver and heart damage resulting from exposure to 
high doses of pollutants usually find it difficult to foot their 
medical bills, due to high charges involved in the diagnoses 
and treatment of such diseases. 
 
High clean-up costs: As noted earlier, once polluted, the cost 
of remediating an aquifer is usually too high (USEPA, 2002).  
This would constitute the cost of remediation and that of hiring 
the equipment for remediation depending on the technique 
involved. 
 
High costs for alternative water supply:  Exploring for a 
pollution free aquifer as an alternative could be very expensive 
depending on the geologic setting and its proximity to the 
affected community (USEPA, 2002). Where there is no 
alternative aquifer, resorting to bottled water or other sources 
(e.g.  tanker supply) could be a temporary option, but could 
cost enormously. 
 
GROUNDWATER REMEDIATION PRACTICES 
 
Preventing Groundwater Pollution as an Aspect of 
Remediation Practice 
 
Considering the slow movement of groundwater that prolongs 
the manifestation of its problems, and the high cost of aquifer 
clean up (if it can be done at all), it is preferable by far to 
prevent pollution from happening in the first place (Govt. of 
Canada, 2010; Hassan, 2012). Preventing contaminants from 
reaching the groundwater is the best way to reduce the health 
risks associated with poor drinking water quality (USEPA, 
2002).  The above statements tend to support the usual axiom 
that “prevention is better than cure”, hence we can conclude 
that prevention is the best remedy to groundwater pollution. 
Prevention as the perfect solution to groundwater pollution can 
be achieved by adopting effective groundwater management 
practices by all concern – governments, industries and every 
individual. Prevention as a solution to pollution aims at the 
elimination of pollutants at their source.  This elimination can 
be achieved by: 
 
Protection of sensitive aquifers:  the physical properties of an 
aquifer are by large essential parameters to determining the 
possibility and degree to which pollutants on the land surface 
will reach the groundwater. Unconfined aquifers (water table) 
are more sensitive to pollution than confined aquifer due to the 
absence of impermeable layer which inhibits contaminants 
movement.  With the vulnerability map in place, which 
identifies areas that are more or less prone to pollution due to 
human activities on the land overlying the aquifer. relevant 

agencies, including water supply agencies can establish 
landuse practices that can be allowed over a shallow aquifer 
and at the watershed, including proper identification and 
adequate monitoring of potential pollution sources (Akinbile 
and Yusoff, 2011; Ocheri et al., 2014). 
 
Minimizing the use of chemicals:  minimizing the use of 
hazardous household chemicals, agro-chemicals, and 
hazardous industrial chemicals and raw materials will go a 
long way to reducing the amount of pollutants released into the 
environment.  These chemicals should be used only when it is 
the last alternative.  Better still, hazardous chemicals can be 
substituted with sustainable substances. 
 
Effective waste management practices:  effective and 
efficient waste management system should be implemented 
(Ocheri et al., 2014).  This can be accomplished by providing 
efficient waste collection, transportation and disposal systems; 
proper locations and appropriate use of landfills, injection 
wells, and other waste disposal options; treatment of point 
sources to remove pollutants prior to disposals; discouraging 
the disposal of hazardous wastes in landfills and injection 
wells; storing of hazardous liquids in aboveground tanks with 
leak detection and collection systems; recycling of wastes, and 
reporting any incidents of pollution or unauthorized dumping 
or collection points to the appropriate quarter. 
 
Adoption of good engineering practices:  good engineering 
practices can be adopted in the design and installation of 
storage tanks and waste disposal systems.  This can be 
accomplished by installing corrosion-free tanks with spill or 
leak detecting and collecting systems, and installing landfills 
with double impervious liners (Nadim et al., 2000; Ocheri et 
al., 2014). 
 
In addition, to ensure the integrity of good engineering work, 
good quality construction materials should be used while 
ensuring efficient and effective monitoring and repair systems. 
 
Implementation of monitoring programmes:  it has been 
made clear that the groundwater is under constant threat by 
human activities.  Hence, there is need for the constant and 
continuous monitoring of the underground water and potential 
sources of pollution to checkmate and arrest any incidence of 
pollution (Ocheri et al., 2014).  This can be accomplished by 
installing groundwater monitoring wells especially near 
underground storage tanks and waste disposal systems such as 
landfill leachate collection systems.   
 
Effective public enlightenment programs:  going by the 
popular axioms, “knowledge is power” and “if you are not 
informed you will be deformed”, there is need to create 
awareness to the general populace on the dangers of 
groundwater pollution resulting from man’s activities.  
Industries and the general public should also be educated on 
proper waste management to regulate the release of pollutants 
into the environment.   
 
Effective legislation:  preventing groundwater pollution 
requires effective groundwater rules. Relevant government 
agencies should implement strict regulations against the use, 
handling, storage, and disposal of hazardous chemicals to 
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ensure a more environmentally safe waste management, 
including an efficient and effective legislation to handle cases 
of pollution after occurrence. 
 
Groundwater Remediation Methods 
 
 Research has shown that groundwater pollution can occur 
instantly, but remediation of the same groundwater is usually 
slow, difficult, expensive and sometimes impossible. 
Groundwater remediation methods involve biological, 
chemical and physical treatment technologies which are often 
used in combination to achieve this abatement.  However, 
Hassan (2012) stated that the selection of a remedial method 
depends upon several parameters grouped into the following 
categories: 
 
 Contaminant profile; 
 Aquifer profile; and  
 Feasibility profile. 
 
There are diverse remediation methods which can be 
categorized into ex-situ and in-situ methods. 
 
Ex-situ remediation methods 
 
Ex-situ remediation methods refer to water treatment methods 
or technologies involving the pumping out of water 
(dewatering) from polluted aquifers and the subsequent 
treatment of such water on the surface, after which it may be 
re-injected back into the aquifer (Hassan, 2012). There are 
quite a number of ex-situ cleanup methods or technologies, 
some of which include: 
 
Steam stripping   
 
This involves the introduction or injection of steams into 
extracted polluted groundwater to remove the contaminants, 
usually volatile organic matter from the water. Stripping 
process can be accomplished by the use of a steam stripper 
which functions by transferring the pollutant (Volatile Organic 
Carbons) from dissolved phase to vapour or gaseous phase 
(vaporization) via steam injection (Hassan, 2012). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Carbon adsorption 
 

This method involves the passage of extracted polluted 
groundwater through series of columns containing activated 
carbon in which contaminants get absorbed (Fig.9) (Khraisheh 
et al., 2004; Ayotamuno et al., 2006; Hassan, 2012).  The 
degree of adherence of contaminants to the surface of the 
activated carbon is a function of surface area to mass ratio.  
Activated carbon is effective in adsorbing chlorine, fluorides 
and dissolved organic solutes but expensive (Khraisheh et al., 
2004), and ineffective in removing heavy metals, nitrates, 
microbial contaminants, and other inorganic contaminants. 
However, adsorption efficiency can be hampered due to 
saturation of the carbon materials.  Hence, this material should 
be replaced periodically. 
 
Ex-situ chemical oxidation 
 

Ex-situ chemical oxidation process involves the introduction of 
strong oxidizing compounds or agents such as hypochlorite, 
hydrogen peroxide, ozone gas, potassium permanganate, etc 
into a vessel containing polluted groundwater, to chemically 
convert the toxic contaminants to less toxic compounds (fig. 
10) (Hassan, 2012).  The oxidizing agents aim at converting 
most organic compounds to carbon dioxide, water, and salts.  
However, the use of certain oxidizing agents for certain 
contaminants may result in incomplete oxidization or 
formation of intermediate contaminants.  For instance, 
chloromethane may form as substitution products when 
chlorine is used as the oxidizing agent. 
 

Ex-situ thermal treatment 
 

This process involves the exposure of an extracted polluted 
groundwater to high temperature in treatment plants which 
aims at separating, destroying or immobilizing the 
contaminants (Hassan, 2012). 
 

Ex-situ bioremediation 
 
This simply involves the use of microorganisms to destroy or 
remove pollutants from extracted polluted groundwater. 
Bioremediation process is based on the principle that 
microorganisms feed on the contaminants as food 
(biodegradation) thereby detoxifying or removing the 
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Fig. 9.  Carbon Absorption Process.  Source: Hyman and Dupoint (2001) 
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Fig. 10. Ex-situ chemical oxidation process.  Source: USEPA (2009)

Fig. 11

Fig. 12. Permeable Reactive Barriers (PRBS). Source: Reddy (2008)

Fig. 13: In
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Fig. 11.  Air-Sparging.  Source: Stewart (2008) 
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Fig. 13: In-situ bioremediation. Source: Stewart (2008) 

 

 

 

 

 

 

 



pollutants, with carbon dioxides or methane as the end-product 
of degradation. The productivity of these organisms can be 
enhanced by the addition of nutrient (in the form of nitrogen 
and phosphorus), oxygen, and moisture, while creating 
favourable conditions by the careful monitoring of the pH and 
temperature of the systems. Bioremediation is effective in the 
removal of contaminants such as petroleum hydrocarbons, 
solvents, pesticides, wood preservatives, and other organic 
chemicals from groundwater. 
 
In-Situ Remediation Methods 
 
In-situ remediation methods refer to water treatment methods 
or technologies which tend to treat groundwater without 
extracting it from the aquifer (Kavanaugh et al., 2003; Stroo et 
al., 2003; Geosyntec Consultant Inc., 2004; McGuire et al., 
2006; Krembs, 2008).  It is otherwise known as in-place 
treatment of groundwater as the required processes are carried 
out while the water remains in its in-ground setting.There are 
also quite a number of in-situ cleanup methods or technologies, 
some of which include: 
 
Air sparging 
 
Air sparging which is sometimes referred to as in-situ air 
stripping is an environmental remediation technique involving 
the injection of air into a “polluted media” (in this case, 
aquifer) to remove contaminants especially Volatile Organic 
Compounds (VOCs) from groundwater by transforming them 
(VOC) from a dissolved state to a vapour phase which is 
removed through vacuum extraction systems (Fig. 11) (Nadim 
et al., 2000; Reddy, 2008; Hassan, 2012). .Air sparging can 
also promote biodegradation of contaminants in the media 
through oxygen in the injected air, which acts as a nutrient for 
bacteria.  It can also be used in combination with soil vapour 
extraction for the efficient removal of contaminants that 
migrate from groundwater to the overlying sediment.  
However, air sparging is known to be effective in relatively 
shallow aquifers, as it is difficult operating below 9m (30 ft). 

 
Permeable Reactive Barriers (PRBs) 
 
This is an in-situ remediation technique which involves the use 
of a trench made across the direction of polluted groundwater 
flow and backfilled with porous reactive medium such as 
activated carbon, iron filings, or peat to absorb contaminants, 
including nutrients, pesticides, volatiles, and metals as the 
water passes through the barrier resulting to the flow of 
cleaned groundwater beyond the barrier (Fig.12).  Numerous 
researchers, including Benner et al., 1997; Gavaskar et al., 
1998; Mulligan et al., 2001; Amos, and Younger, 2003; 
PIRAMID Consortium, 2003; Robertson et al. 2005; Reddy, 
2008; Anna, 2014, Cruden, 2015, have contributed immensely 
to the development of this technique. Meanwhile, the use of 
PRBs has shown to be effective only in relatively shallow 
aquifers (Stewart, 2008). 
 
Nanoremediation 
 
Nanoremediation is an environmental remediation technique 
involving the use of nanoscale materials or nano-sized reactive 
agents (nanopraticles) such as zero-valent iron, calcium 

carbonate, graphene, carbon nanotubes, titanium dioxide, and 
iron oxide to degrade organic contaminants or immobilize 
heavy metals (e.g lead and arsenic) in a polluted media (e.g 
groundwater, wastewater, soil, and sediment) by redox 
reactions or adsorption respectively. Generally, nanoparticles 
have very high surface area per unit mass resulting in very 
high reactivity. Being highly reactive, nanoparticles are easily 
attracted to non-target components thereby limiting their 
dispersal rate and extent.  However, this limitation can be 
averted by coating the nanoparticles with surfactants, 
polyelectrolyte coatings, emulsification layers, and protective 
shells made from silica or carbon. 

 
Natural attenuation 
 
This involves the removal, degradation or reduction in 
concentration of contaminants from a polluted groundwater 
(aquifer) through natural processes such as dilution, filtration, 
sorption, microbiological decomposition, and chemical 
reactions, with no human intervention. The rate and 
effectiveness of this cleanup approach is a function of the type 
of pollutant and the local hydrogeologic setting (USEPA, 
2002).  Natural attenuation can be a better approach of 
groundwater remediation than the Pump-and-Treat method.  
However, for natural attenuation to qualify as a remedial 
“technology”, it must be carefully monitored (ASTM, 1998; 
USEPA, 1998a; Younger, 2007; Cruden, 2015).  Hence, 
Monitored Natural Attenuation (MNA) should be adopted to 
ensure the efficacy of the natural processes. 
 
In-situ bioremediation 
 
This involves the injection of air (oxygen), nutrients, and 
sometimes degrading bacteria into polluted aquifer to stimulate 
or enhance the biodegradation of carbon-based contaminants to 
simpler and less toxic organic compounds by microbial 
organisms (fig. 13) (Nadim et al., 2000; Hassan, 2012; Cruden, 
2015). Bioremediation is effective in the treatment of 
groundwater polluted with hydrocarbons.  However, it should 
be noted that in bioremediation process, more toxic 
compounds may be produced as by-products of degradation 
(e.g. TCE to Vinyl chloride).  Ex-Situ bioremediation 
mentioned above controls this situation by containing the 
hazardous by-products in the treatment unit for further 
decomposition to ensure a non-toxic end-product. The efficacy 
of this technique is dependent on parameters such as 
contaminant of concern, temperature, oxygen supply, nutrient 
supply, pH, availability of contaminant to microbes, and 
contaminant concentration. 
 
Water Treatment on the Home Front 
 
The water treatment techniques outlined above are mostly 
required for the treatment of large scale or public supply.  
However, there are other popular methods for purifying water, 
especially at the home level, even though some of them are 
also used for large scale treatment.  Galadima et al.,(2011) 
reported that many villages in Nigeria have never seen the so 
called “treated tap water” in their communities.  Hence, there 
is need to advocate water treatment at the home front. In 
Nigeria, water management is yet to be given adequate 
attention (Akujieze et al.,2003).  This is indicated by the high 
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dependency on untreated groundwater abstracted through hand 
dug wells and borehole systems (Ocheri, 2006; Ocheri, 2010).  
Major treatment of water from these wells would be required 
before its domestic consumption or before meeting the WHO 
drinking water standard (Yusuf, 2007).  Depending on the type 
of contaminants, adequate and appropriate measures should be 
taken to treat the water by way of disinfection, chlorination, 
sedimentation, filtration, reverse osmosis, and boiling to make 
the water potable and fit for domestic use (Ogedengbe and 
Akinbile, 2007; Akinbile and Alatise, 2011; Nwachukwu, et 
al.,2014; Ocheri, et al.,2014). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abandonment 
 
It has been noted earlier that the cost of cleaning up a polluted 
aquifer is usually extremely high.  In the course of remediating 
or treating a polluted aquifer, all available methods are 
considered in order to come up with the most appropriate and 
feasible method. However, if the pollution is so severe or the 
available remediation methods are considered too difficult or 
expensive, then abandoning the aquifer’s groundwater and 
securing an alternative source of water would be the last resort 
(USEPA, 2002). 
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Fig. 14. Map of Niger-Delta showing Ogoniland.  Source: UNEP (2011) 

 



CASE HISTORY OF GROUNDWATER POLLUTION IN 
NIGER-DELTA, NIGERIA   
 

Ogoniland is a large community in the Niger Delta region of 
Nigeria (fig.14), and remains one of the several  localities that 
have been seriously affected by the activities of multinational 
oil companies.  These companies have operated in the region 
for over fifty years with cases of oil spillage, leakage and 
environmental degradation (Ayodele, 1985; Krist, 2000; 
Akujieze et al., 2003; Ayotamuno et al., 2006; Bolaji, 2008;). 
In 2010, the United Nations Environmental Programmes 
(UNEP) undertook an assessment of Ogoniland to ascertain the 
level of environmental degradation in the area.  The study 
involved the collection and analysis of water and soil samples 
from 142 groundwater monitoring wells and 780 boreholes 
respectively.  It lasted for a period of fourteen (14) months and 
had the report released on August 4, 2011. According to the 
UNEP report, groundwater resources in Ogoniland are heavily 
polluted with petroleum hydrocarbons.  A case cited was 
Nisisioken Ogale, near a Nigerian National Petroleum 
Company (NNPC) pipeline, where some families were 
drinking water from wells polluted with benzene, a known 
carcinogen, at levels over 900 times above World Health 
Organization (WHO) guidelines. 
 
Also, five highest concentrations of Total Petroleum 
Hydrocarbons detected in groundwater in the region, exceeded 
1 million micrograms per litre against the Nigerian Standard of 
600 micrograms per litre.  UNEP reported that the total 
cleanup of Ogoniland and water resources would require 
modern technology and could take up to 25 to 30 years, and 
could also cost several billions of dollars.  Ogoni case has been 
a source of concern to Nigerians and the world at large as the 
level of degradation tends to threaten human and 
environmental health.  This necessitates an urgent call for a 
collaborative effort from all concern – the government, 
multinationals, communities and every individual, to finding a 
lasting solution to the problem, which should incorporate the 
solutions proffered by UNEP. 
 

Conclusion 
 

Groundwater is susceptible to pollution by pollutants such as 
nutrients, pathogens, heavy metals, household chemicals, 
petroleum hydrocarbons etc grouped into two main categories: 
point sources and non-point sources.  The dangers of polluted 
groundwater cannot be overemphasized.  It can have diverse 
effect on both human and environmental health, ranging from 
common water-borne diseases to more severe health problems 
such as cancer, reproductive abnormalities, neurological 
disorders, and so on.  Plants, animals, and humans alike, all get 
their shares of the “spoils”. Man should strive for pollutant free 
groundwater, either by preventing the water from being 
polluted in the first place or by treating it with appropriate 
remediation technique, when it is polluted.  Local communities 
and private well owners should be encouraged to adopt and 
adhere to point of use or home level (small scale) treatment 
techniques such as boiling, chlorination, sedimentation and 
filtration. However, it is important to note that remediation as 
an option may be too expensive, difficult or even impossible.  
Hence, always remember that it pays to prevent than to 
remediate, and this prevention is in our hands. 
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