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ABSTRACT

Heavy metal contamination from activities in automobile workshops is of public health
concern. These heavy metals have capacity to remain in the environment over time. Several
studies have been conducted on industrial water pollution but limited investigations have
been carried out on water and soil quality around automobile workshops. This study
therefore, was designed to assess the quality of soil and groundwater in automobile
workshops in Akinyele Local Government Area (ALGA).

A Simple random sampling technique was employed to select three of six zones of
automobile workshops in ALGA: Alphonso, Temidire and Ojoo with one residential area
(Moniya - control site). Eight automobile workshops were selected from each zone based on:
absence of other industries and presence of dug wells. Water samples were collected from
dug well (0-50 m) around the workshops. Physico-chemical parameters (Total Dissolved
Solids (TDS), Electrical conductivity, pH and Oil and grease) and heavy metals (Copper
(Cu), Chromium (Cr) Cadmium (Cd) and Lead (Pb)) were determined using standard
methods. Grab samples of top and sub soils were collected from the three locations and
analysed. Values obtained were compared with WHO standards for potable water quality and
United Kingdom Permissible Limits for soil quality. Data were analysed using descriptive
statistics and ANOVA at p<0.05.

Mean results of water analysis revealed that TDS and Electrical conductivity for Alphonso,
Temidire, Ojoo and Moniya were within WHO limits. The mean pH was 6.4+0.8, 6.8+0.7,
6.7+£0.4 and 7.6x0.2 in Alphonso, Temidire, Ojoo and Moniya respectively. Median oil and
grease content 1245 mg/l, 206 mg/l and 2650 mg/l in Alphonso, Temidire and Ojoo
respectively, were above WHO limits. In the dug wells, mean concentrations of Cu (mg/l)
was significantly higher in Alphonso (2.5+2.06) than other zones. Mean concentration of Cr
(mg/l) was 0.34+0.28, 0.37+0.13 and 0.31+0.3 for Alphonso, Temidire and Ojoo respectively
while it was not detected in Moniya. The median concentration for Cd (mg/l) in Alphonso,
Temidire, Ojoo and Moniya were higher than the WHO limits. Lead was absent in all
locations except Alphonso 8.50(0.0 -35.8) mg/l. Mean concentrations of all the metals were

higher in all the zones than Moniya and WHO limits except for Cu in Temidire and Ojoo. In
vi



the soils, mean concentration of Cu (mg/kg) in Alphonso, Temidire, Ojoo and Moniya was
21.55+9.03, 50.41+2.65, 44.27+3.04 and 19.19+2.82 respectively. Mean concentrations of Cr
(mg/kg) in Alphonso, Temidire, and Ojoo was 18.52+2.2, 22.52+3 and 15.4+1.73
respectively. Mean concentrations of Cd(mg/kg) in Alphonso, Temidire and Ojoo was
7.89£1.9, 5.3+3.14 and 6.07+5.6 respectively while mean concentrations of Pb (mg/kg) in
Alphonso, Temidire and Ojoo was 80.19£7.43, 35.41+4 and 77.77+3.58 respectively. The
mean concentrations of all the heavy metals (except Cd) were within the permissible limits
for soil quality but higher than the control across the selected zones.

The concentration of heavy metals above regulatory limits in soils and dug wells indicates
contamination. There is the need for strict enforcement of safe waste handling methods to

reduce soil and water contamination around automobile workshops.

Keywords: Automobile workshops, Dug well, Heavy metal contamination
Word count: 483
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CHAPTER ONE
INTRODUCTION

11 BACKGROUND INFORMATION

Soil and water contaminants have over the years being described by researchers as
substances that cause threat to the existence of man, plant and animals. They occur in various
degrees, forms and quantity. Some of these contaminants include used oils which are
generally seen in mechanic workshops, where automobiles and various car parts are serviced
and repaired. These contaminants contain heavy metals which have adverse effect on man.
These workshops are sometimes characterized by various operators functioning in areas such
as spraying or painting, welding (arc/electric), battery recharging and repairs, car servicing
and maintenance (Adelekan and Abegunde 2010). The workshop size varies depending on
the number of function and services which they carry out on regular basis.

Over the years mechanic workshop operators have been conducting their daily operations
thus dumping their used oil, grease and toxic liquids indiscriminately in the environment.
These substances are usually high in hydrocarbons and heavy metals which have adverse
effect on the natural wellbeing of the environment. Most operators drop these waste materials
indiscriminately where they are later absorbed by the soil or washed into the nearby water
bodies which in-turn contaminate the water rendering it harmful when consumed or used in

its raw state.

Nwachukwu et al., (2010) revealed that poor waste management of mechanic workshops
around the country are causing serious ecological and public health concerns. These wastes
include; engine gear waste oil, panel beating carbide, wielding and soldering wastes and
accidental spills from other fluids used in the workshop. Also, according to Udeani et al.,
(2009) complex mixture of hydrocarbons are observed in petroleum products such as engine
oil, diesel, petrol and kerosene which are used on regular basis by mechanics in their
workshop. They revealed that environmental pollution occurs due to spillage and improper
disposal of these products either in low or large quantity. When this spillage occurs, the

likelihood that hydrocarbon reaches the water table before becoming immobilized in the soil

1



or spread horizontally on the ground water surface is relatively high. This continues to
percolate into ground water, soil pore space, air and to the surface of soil particles. Examples
of such hydrocarbon include Benzene, Toluene, Ethylbenzene and Xylene (BTEX) which are
toxic substances, harmful to the body when inhaled or ingested.

According to Oastridge and Trent (1999), the World Health Organization (WHQ) estimates
that safe drinking water is unavailable to over 20% of the world population (about 1.3 billion
people) and there is inadequate sanitation for over 40% of all populations. Poor water quality
remains an important problem in several parts of the world. As a result, vital resources are
limited and in dire circumstances, cause harm to human and other forms of life (Forum and
Entwicklung, 2001). Water pollution can arise when substances dissolve in it. These could
either be solid particles or insoluble liquid droplets that become suspended in it (Plant et al.,
2001). These substances include heavy metals and hydrocarbons which are found in water
most times as a result of soil contamination from certain activities and subsequent

percolation.

12 PROBLEM STATEMENT

Organic compounds found in petrol and petroleum products as well as heavy metals (such as
those found in the mechanic workshops) have the capacity to remain in the environment over
time when exposed and hence can pose serious health effects. These may range from body
pains to head ache, fatigue, respiratory problems and may even cause death when inhaled or

ingested in high concentrations.

Groundwater is one of the most important available sources of water in many areas in
Nigeria and it is essential for survival. Many communities depend on hand-dug wells which
are means of gaining access to groundwater. This is because of accessibility and
affordability. Therefore, groundwater should be protected and preserved from all forms of
contamination and pollution that can cause health problems.

1.3  JUSTIFICATION
The increase in the number of mechanic workshops and activities (such as auto servicing and

repairs) in Nigeria due mainly to the large inflow of ‘Fairly Used’ vehicles into the country in
2



the late 1990s have contributed greatly to the pollution experienced within and around these
workshops. Several studies have been carried out on water pollution and contamination from
industries and some manufacturing companies while very little research has been done on the

soil and groundwater quality surrounding automobile workshops.

Therefore there is a need for monitoring of surface and groundwater quality as well as soil
quality from time to time to detect areas that are at risk of high pollution with a view to

providing remedial measures from the outcomes.

1.4  RESEARCH QUESTIONS

1. What are the physico-chemical parameters of the soil and groundwater samples
around the workshops?

2. What is the concentration of organic compounds such as Benzene, Toluene,
Ethylbenzene, Xylene (BTEX) in soil and groundwater samples around the
workshops?

3. What is the sanitary status of groundwater sources around the mechanic workshops?

4. What is the attitude of automobile mechanics to the waste generated in the workshop?

15 OBJECTIVES
Broad Objective
The broad objective of this study was to assess the soil and groundwater quality in

automobile workshops in Akinyele Local Government Area (ALGA) Oyo State.

Specific Objectives
The specific objectives were to:
e determine the levels of physico-chemical parameters such as pH, temperature, acidity,
alkalinity, colour, turbidity, electrical conductivity, dissolved solids, oil and grease,
Lead, Chromium, Cadmium and Iron in soil and groundwater samples
e determine the concentration of organic compounds such as Benzene, Toluene, Ethyl-
benzene, Xylene (BTEX) in soil and groundwater samples around the workshop.

e assess the sanitary status of the groundwater sources



e assess the attitude of mechanic operators to the waste generated in the workshop.



CHAPTER TWO

LITERATURE REVIEW

21 SOIL
2.1.1 Definition

Soil is the thin layer covering the entire earth's surface except for open water surfaces and
rocks. It can also be referred to as the material in the top layer of the surface of the earth in
which plants can grow (Kang et al., 1990). It is a complex environment of minerals, organic
material, water, gases and living organisms. According to Turgeon 2006, the soil is a natural,
unconsolidated mineral or organic material on the immediate surface of the earth that serves
as a natural medium for the growth of land plants. It not only supports a huge number of
organisms below its surface (bacteria, fungi, worms, insects, and small mammals) but it is
essential and supports to all life on the planet. The soil is one of the important and valuable
resources of the nature. Life and living on the earth would be impossible without it soil.
Moreover, 95% of human food is derived from the earth (Mahdeloei et al., 2012). The soil is
composed of 50% of organic and inorganic matters, and 50% of air and water which fills

existing vacant spaces of the soil and keeps live organisms of the soil.

2.1.2  Soil profile

Structurally, soils are composed of a series of horizons or layers. These layers differ
appearance, thickness, and properties (Broderson, 2000). The horizons are normally parallel
to the surface. Collectively, the horizons make up what is called the soil profile or soil
"pedon”. A soil profile is defined as a vertical section of the soil to expose layering. A
standard soil has six layers: O, A, E, B, C and R (Figure 2.1). In soil classification, each layer
has distinctive features that characterize it. Each soil layer is given a certain letter designation
to indicate where it is in relation to the surface of the soil (Kang and Tripathi, 1992).
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Figure 2.1 A hypothetical soil profile (Kang and Tripathi 1992)

2.1.3 Soil structure and Texture

Soil structure is the size, shape and strength of the naturally occurring soil aggregates (called
peds). It creates a framework of aggregates and establishes the pore space in the soil. Many
things contribute to soil structure including texture, organic and mineral composition, water
content, soil organisms, biological processes such as root growth etc. Healthy soils tend to
have soil particles that are bonded together into clumps or groups. The arrangement of these
aggregates in the soil, along with the gaps and fissures between them, are part of what
constitute soil structure. Adequate organic matter is usually required for good soil structure in
surface horizons. The spaces between aggregates are important pathways for water and roots
to move through the soil profile (Meyer, et al., 2010). There are four main types of soil

structure viz;

o Platy (plate like)
e Prismatic (columnar)

o Blocky



e Granular (crumb)

Individual soil aggregates may have differing shapes but some aggregate shapes indicate
better soil structure considering plant growth. Platy structure has the potential to restrict air
and water movement and hence reduce plant growth. Granular aggregates allow good plant
growth because there is good water and air movement and the soil is less compact than other
structure types. Blocky structure is also generally favourable to plant growth. (Cogger, 2005)

Soil Texture

Soil Texture is the relative proportion of sand, silt and clay particles found in the soil. It also
refers to the size of the particles that make up the soil (IFAS, 2003). Soil texture is an
important soil characteristic that influences rate of infiltration of stormwater. The textural
class of a soil is determined by the percentage of sand, silt, and clay. The relative fraction of
these soil particles is important since it can aid in determining the soil’s water holding
capacity, aeration, drainage and plant root depth (UW-CMN, 2011). Studies by Fraser, 2000
shows that the water holding capacity of the soil can determine how much each soil type can
handle or retain per volume of water as observed in situations where there is heavy rainfall
and loose soils drain more freely. Soils can be classified as one of three major textural
classes: sands, silts, and clays. Particles that range in size from 0.05 -2.0 mm are sand. Those
between 0.002-0.05 mm are referred to as silt and the smallest particles are clay with a size
less than 0.002 mm (Table 2.1).



Table 2.1: Particle size ranges for sand, silt, and clay in millimetres (mm)

Type of Mineral Particle Size Range
Very coarse sand 2.0-1.0 mm
Coarse sand 1.0-0.5 mm
Medium sand 0.5-0.25 mm
Fine sand 0.25-0.10 mm
Very fine sand 0.10-0.05 mm
Silt 0.05 - 0.002 mm
Clay less than 0.002 mm

Source: (IFAS, 2003)

2.1.4 Soil Quality

The concept of soil quality emerged in the literature in the early 1990s (Doran and Safely,
1997; Wienhold et al., 2004), and the first official application of the term was approved by
the Soil Science Society of America Ad Hoc Committee on Soil Quality (S- 581) and
discussed by Karlen et al., 1997. Soil quality was been defined as ‘‘the capacity of a
reference soil to function, within natural or managed ecosystem boundaries, to sustain plant
and animal productivity, maintain or enhance water and air quality, and support human
health and habitation.”’(Doran and Parkin, 1994). Also, Parr et al., 1992 defined it as he
capability of soil to produce safe and nutritious crops in a sustained manner over the long-
term, and to enhance human and animal health, without impairing the natural resource base
or harming the environment. Sometimes soil quality is referred to as soil health.
Subsequently the two terms are used interchangeably (Karlen et al., 2001) although soil
quality is related to soil function (Karlen et al., 2003; Letey et al, 2003), whereas soil health
presents the soil as a finite non-renewable and dynamic living resource (Doran and Zeiss,
2000).



2.1.4.1 Soil quality Indicators

Soil quality cannot be measured directly therefore, indicators are used to provide
clues. Indicators are measurable properties of plants and soil. They are often grouped as

follows:

e Physical indicators
e Biological indicators

e Chemical indicators

Biological Indicators

Several authors have reported identification of biological indicators of soil quality is reported
as seriously crucial (Doran and Parkin, 1994; Abawi and Widmer, 2000) due to soil quality
being strongly influenced by microbiological intervening processes (nutrient cycling, nutrient
capacity, aggregate stability). Specific importance is to attached to identification those
constituents that respond quickly to changes in soil quality (Romig et al.,1995). Biological
indicators of soil quality that are usually measured include soil organic matter, respiration,
microbial biomass (total bacteria and fungi,) and mineralizable nitrogen. The role of soil
organic matter in soil function is important in the determination of soil quality, water holding
capacity and susceptibility of soil to degradation (Cadisch and Giller 1997; Feller et al.,
2001). Also, soil organic matter may serve as a source or sink to atmospheric CO, (Lal and
Stewart, 1995) and an increase in the soil Carbon content is indicated by a higher microbial
biomass and elevated respiration (Sparling et al., 2003). It is also the main reserve of
nutrients such as Nitrogen (N) in the soil and some tropical soils may contain large quantities
of mineral N in the top 2m depth (Havlin et al., 2005).

Chemical Indicators

Smallholder farmers have to provide soil nutrients in large quantities to attain high crop
yields (Sanchez and Swaminathan, 2005). Hence the possibility of altering the available
nutrients by adding inorganic fertilizers, incorporating cover crops, and using other organic

materials in form of manures and composts (Stocking, 2003). Soil quality indicators provide



information on the capacity of soil to supply mineral nutrients, which is depends on the soil
pH. Soil pH is an estimate of the activity of hydrogen ions in the soil solution. It influences
plant growth by affecting plant nutrient availability, toxic metal availability and soil
microorganism activity. Chemical properties include bulk density, aggregate stability and

penetrate resistance.

Physical Indicators

Soil physical properties are estimated from the soil’s texture, bulk density (a measure of
compaction), porosity, water-holding capacity, profile depth, infiltration, penetration
resistance (Karlen et al., 2001). These properties are all improved through additions of
organic matter to soils. Consequently, the suitability of soil for sustaining plant growth and
biological activity is a function of its physical properties (porosity, water holding capacity,

structure, and tilt).

2.1.5 Soil Pollution

Soil pollution is defined as the build-up in soils of persistent toxic compounds, chemicals,
salts, radioactive materials, or disease causing agents, which have adverse effects on plant
growth and animal health. Table 2.2 shows some sources of contaminants and their possible
health. Soil is a key component of natural ecosystems because environmental sustainability
depends largely on a sustainable soil ecosystem (Adriano et al., 1998). When soil is polluted
(contaminated), the ecosystem is altered and agricultural activities are affected. Some
important soil contaminants include agricultural pesticides, fungicides or herbicides, heavy
metals and persistent organic compounds. Risks from soil contamination include plants
absorbing contaminants through the soil; groundwater becoming contaminated as it interacts
with and flows beneath the soil; and bioaccumulation, occurring when livestock or humans

ingest contaminants from vegetation growing in compromised soil (Rosen, 2002).
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Table 2.2 Common Sources of contamination

General Source Specific Contaminant

Paint (< 1978) Lead

High Traffic Areas lead, zinc, PAHs

Treated Lumber arsenic, chromium, copper
Burning Wastes PAHSs, dioxins

Manure coppers, zinc

Coal Ash molybdenum, sulfur

Sewage Sludge cadmium, copper, zinc, lead, PBTs
Petroleum Spills PAHSs, benzene, toluene, xylene

PAHSs, petroleum products, solvents, lead,
Commercial/Industrial Site Use other heavy metals
lead, arsenic, mercury (historical use),

Pesticides chlordane and other chlorinated pesticides

Source: Heinegg et al., 2000

2.1.5.1 Heavy Metals

Heavy metals are one of the many classes of substances that can reach vital levels in terms of
human health, food safety, soil fertility and ecological risks (Jarup 2003; Sharma and
Agrawal 2005). Heavy metals are common contaminants in the soil. The retention of heavy
metals in the solid phase of the soil is depends mainly on the pH, and is linked to humic

substances, clay minerals, iron oxides and hydroxides, and manganese found in the soil.

2.1.5.2 Persistent Organic Pollutants (POPs)

Among the many organic compounds present in soil, the most dangerous are the persistent
organic pollutants that are derived in general, from anthropical activity; they are extremely
persistent in the environment and are transported for long distances (Armitage and Gobas,
2007; Christensen, 1998, Hallin-Sorensen et al., 2006). Under certain environmental
conditions they bioaccumulate and biomagnify, reaching significant concentrations that
represent a threat for human health and ecosystems. Three out of the twelve groups of
persistent organic pollutants, are acknowledged internationally viz; polychlorinated

biphenyls (PCBs), polychlorinated dibenzodioxins (PCDDs) and polychlorinated
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dibenzofurans (PCDFs). They are present both in natural soils, due to long-distance transport,
and in soils that have been contaminated by particular industrial activities (Beyer and Bizuik,
2007). Due to their high persistence in the environment, they remain in soil, which become
pollutant reservoirs (Pohl et al., 1995). These POPs are carcinogenic agents for humans
(Dickson and Buzik, 1993).

2.1.5.3 Agricultural Applications

Excessive use of agricultural fertilizers (Hallberg and Kenney 1993) and pesticides,
antibiotics and hormones in livestock and irrigating farms with contaminated wastewaters are
agricultural factors affecting soil pollution. Pesticides enter the soil in different ways viz:
direct application to soil, spraying and return of pesticides particles suspended in the air
directly to the ground, toxins absorbed on surface of soil particles suspended in air and their
sitting on the ground and plant residues that are added to the soil and the toxins absorbed by
the soil organisms (non-lenticular). Chemical fertilizers change properties of the soil i.e.
lessen soil permeability to the air and water. Generally, chemical fertilizers harden soils.
Chemical pesticides create soil pollution as well (Schreier et al., 1998). These toxins are not

decomposed easily and will remain in soil for many years

2.1.6 Human Exposure to Soil Contaminants

In general, there are three ways in which people are exposed to contaminants in soil:
ingestion (eating and drinking), dermal exposure (skin contact), and inhalation (breathing)
(Anigma & Sullivan, 2008; Rosen, 2002; Shaylor et al., 2009b). People may accidentally
ingest small amounts of soil during activities such as yard work, gardening, or playing.
Ingestion also occurs when people eat farm produce grown in contaminated soil. Some
contaminants, such as pesticides, can be absorbed through the skin when people come into
contact with the soil. In addition, people can inhale airborne soil particles, such as dust, or

contaminants that have vaporized from the soil after precipitation.

22 WATER

The total amount of water on the earth and in its atmosphere does not change but the earth’s
water is always in movement. Water undergoes different forms of movement and changes of

12



its physical state in the nature on a given area of the Earth (a river or Lake Basin, a continent,
or the entire Earth). Oceans, rivers, clouds and rain, all of which contain water, are in a
frequent state of change and the motion of rain and flowing rivers transfers water in a never-
ending cycle (Figure 2.2). This continuous process of circulation and conservation of earth’s
water as it circulates from the lithosphere to atmosphere is referred to as the ‘hydrological
cycle’ or ‘water cycle’ (Kuchment, 2004). This hydrological cycle extends through the four

parts of the earth system and depends largely on the local uniqueness of these systems.
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Figure 2.2 Schematic representation of the hydrological cycle.

2.2.1 Ground Water

The largest liquid water store of the terrestrial hydrological cycle is represented by
groundwater ((Kuchment, 2004). It is the most important component of the active terrestrial
hydrological cycle (WHO, 2006). Groundwater is water located beneath the earth's surface or
underground in cracks and soil pore spaces, in sand and in the fractures of rock formations. It
is stored in-and moves slowly through-layers of soil, sand and rocks called aquifers.
Groundwater can be found almost everywhere. It accounts for about two-thirds of the

freshwater resources of the world and of the global quantity of available freshwater, more
13



than 98% is groundwater stored in pores and fractures of rock strata (Scanlon et al., 2005,
WHO, 2006). In recent years there has been considerable attention paid to the concept of the
world water balance (Table 2.3) and the most recent estimates of these data emphasize the
ubiquitous nature of groundwater in hydrosphere.

2.2.2 Importance of Groundwater

Groundwater is an important resource which can act as a natural storage that can buffer
against shortages of surface water, as in during times of drought. Groundwater is not only
abstracted for supply or river regulated purposes, it also naturally feeds surface-waters
through springs and passages into rivers and it is often important in supporting wetlands and
their ecosystems. Groundwater is also an important source for industry and agriculture uses
as well as sustaining rivers experiencing low flows (UNESCO, 1996). It is naturally
replenished by surface water from precipitation, streams, and rivers as well as by rain and

snow melt.

Table 2.3 Estimate of Water Balance of the World

Surface area Volume Volume

Parameter (10°km?) (10°km?) (%) Resident time
Oceans and seas 361 1370 97 ~ 4,000 years
Lakes and reservoirs 1.55 0.13 <0.01 ~ 10 years
Swamps <0.1 <0.01 <0.01 1-10 years
River channels <0.1 <0.01 <0.01 ~ 2 weeks
Soil moisture 130 0.07 <0.01 2 weeks- several year
Groundwater 130 8 0.5 weeks — 100,000
Icecaps and glaciers 17.8 27 2 10-100,000years
Atmospheric water 504 0.01 <0.01 10 days
Biospheric water <0.1 <0.01 <0.01 ~ 1 week

(Modified from Nace, 1971 and UNESCO, 1999)

2.2.3 Pollution of Groundwater

Water pollution is a serious problem, globally involving the discharge of dissolved or
suspended substances into groundwater, streams, rivers and oceans (Alao et al, 2010). Over
the years, industrialization and urbanization has steadily progressed with little consideration
for environmental consequences which has led to groundwater pollution (Longe and

Balogun, 2010). In fact, the effects of water pollution are said to be the leading cause of
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death for humans across the globe, moreover, water pollution affects our oceans, lakes,
rivers, and drinking water, making it a widespread and global concern (Scipeeps, 2009). A
groundwater pollutant is any substance that, when it reaches an aquifer, makes the water
unclean or otherwise unsuitable for a particular purpose. The pollutant could be chemical,

microbial or a naturally occurring pollutant (mineral and metallic deposits in rock and soil).

Groundwater pollution can also be related to waste disposal (private sewage disposal
systems, land disposal of solid waste, municipal wastewater, wastewater impoundments, land
spreading of sludge, brine disposal from the petroleum industry, mine wastes, deep-well
disposal of liquid wastes, animal feedlot wastes, radioactive wastes) or not directly related to
waste disposal (accidental spills, certain agricultural activities, mining, acid rain, improper
well construction and maintenance). Polluted water consists of industrial discharged
effluents, sewage water, rain water pollution (Ashraf et al., 2010) and polluted by agriculture
or households cause damage to human health or the environment (European Public Health
Alliance, 2009) This water pollution affects the health and quality of soils and vegetation
(Carter, 1985). Some water pollution effects are immediate, while others are observed in the

future, months or years later (Ashraf et al., 2010).

2.2.3.1 Sources of Groundwater Contamination
The sources of groundwater contamination are broadly divided into two groups.

i.  pointsources and;

Ii.  non-point sources

Point sources of contamination are identified by a well-defined or specific point of entry
where pollutants reach a body of water or re discharges into surface and groundwater (WHO,
2006, ANR, 2002). Typical examples are landfills, leaking underground storage tanks, and
municipal and industrial treatment facilities or effluents where treated wastewater is

discharged into rivers or streams.

Nonpoint sources of contamination have no easily identified point of entry where pollutants
reach a body of water. Contaminants originate from a large variety of sources over a wide

area, and they penetrate surface water and groundwater at many locations, by many processes
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(WHO, 2006; Mukherjee and Nelliyat, 2007). Pesticides and fertilizers applied to cropland

and effluent from septic systems are commonly identified as nonpoint sources of pollution

2.2.3.2 Types Groundwater Pollution

Groundwater pollution can be from nature or as a result of anthropogenic (human) activities,
although concern over groundwater pollution has mostly been centred on pollution associated

with human activities.

Natural Pollution

Groundwater contains some impurities, even if it is unaffected by human activities. Hence
some groundwater pollution occurs naturally. The types and concentrations of natural
impurities depend on the nature of the geological material through which the groundwater
moves and the quality of the recharge water. Naturally occurring processes such as
decomposition of organic material in soils or leaching of mineral deposits can result in
increased concentrations of several substances (WHO, 2006). Saltwater encroachment
associated with over drafting of aquifers or natural leaching from natural occurring deposits
are natural sources of groundwater pollution. Groundwater moving through sedimentary
rocks and soils may pick up a wide range of compounds such as magnesium, calcium, and
chlorides. Studies have shown some aquifers to have high natural concentration of dissolved
constituents such as arsenic, radon, and selenium (Smedley and Kinniburgh, 2001; Hem,
1989; WHO, 2003b; Senior, 1998).

Anthropogenic pollution

Anthropogenic pollution occurs when manmade products such as gasoline, oil, fertilisers,
pesticides and other chemicals or get into the water body and cause it to be dangerous and
unfit for human use (Asonye et al., 2007). Industrial activity is a major source of pollution.
An increase in these activities have led to “pollutional stress” on surface water as well as
groundwater both from industrial, agricultural and domestic sources (Ajayi and Osibanjo,
1981). Industries vary in size, nature of products, characteristics of waste discharged and the

receiving environment. Industrial effluents or run offs contain toxic and hazardous materials
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from the wastes that settle in receiving water bodies as bottom sediments and constitute
health hazards to the urban population that depend on the water as source of supply for
domestic uses (Akaniwor et al., 2007). Some of these industries include; metals and mining,
breweries, distilleries, textile, chemical and allied and oil and gas industries.

2.2.4 Water Contaminant groups

There are four main groups of contaminants. These are microbial pathogens, organics,

inorganics and radioactive contaminants.

Microbial Pathogens

Pathogens in drinking water are serious health risks. Pathogens are disease-producing micro-
organisms, which include bacteria (such as giardia lamblia), viruses, and parasites. They get
into drinking water when the water source is contaminated by sewage and animal waste, or
when wells are improperly sealed and constructed. The zoonotic agents of greatest
importance are Giardia, Campylobacter, Cryptosporidium, Salmonella, and E. coli in
outbreaks caused by contaminated drinking water. These organisms can cause gastroenteritis,
salmonella infection, dysentery, shigellosis, hepatitis, and giardiasis (a gastrointestinal
infection causing diarrhea, abdominal cramps). According to Fawell and Nieuwenhuijsen,
(2003) WHO, 1998 estimated that there were 2.5 million deaths and 4 billion cases due to
diarrhoeal disease, including dysentery to which waterborne pathogens are a major
contributor. Several studies have shown the health effects of water contamination by these
organisms (Craun et al., 2004; Kukkula et al., 1997; Payment and Hunter, 2001). A number
of pathogen contaminations have often been associated with simple deficiencies in sanitation
(Howard et al., 2006)

Organics

Potentially toxic chemicals and metals are capable of contaminating groundwater but only a
few of the toxic organic chemicals that occur in drinking water is regulated by drinking water
standards. Two organic chemical groups of key concern include:

« aromatic hydrocarbons: benzene, toluene, ethylbenzene and xylenes (BTEX);
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» chlorinated hydrocarbons (aliphatic and aromatic): dichloromethane (DCM),
trichloromethane (TCM, also known as chloroform), tetrachloromethane (also known
as carbon tetrachloride, CTC), trichloroethene (TCE), tetrachloroethene (PCE, also
known as perchloroethylene), vinyl chloride (VC), 1,2- dichloroethane (1,2-DCA),
1,1-dichloroethene (1,1-DCE), 1,2-dichloroethene (cis and trans isomers, cDCE and
tDCE respectively), 1,2 dichlorobenzene (1,2- DCB) and 1,4 dichlorobenzene (1,4-
DCB) (Rivet et al., 2006).

A third (predominantly) organic chemical group of key concern in groundwater is pesticides.

Studies have shown that at high concentrations in water they are very harmful (WHO, 2004a)

Inorganics

Heavy metals are inorganic pollutants whose presence in the groundwater poses serious
environmental risk to humans, animals and even the soil (Akinbile and Yusoff, 2011). Of
particular concern are arsenic, mercury, cadmium and lead which are environmental
pollutants threatening the health of human population and natural ecosystem (Mercier et al.,
1998). In non-ferrous metal industries, and industries that produce batteries, pigments,
stabilizers and plastics the primary heavy metals discharged are lead, zinc, and cadmium,
also cement manufacture results in high emission of mercury as well as these heavy metals
except zinc. Arsenic and Zinc gain access to the water environment through mining
operations. Nickel and Cobalt are used in the electroplating industry. The discharges of these
heavy metals into water bodies are harmful to human health either through direct ingestion or
from fish and 