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ABSTRACT 

A field study was conducted on the Assessment of Ground Water Quality around 

Abandoned Quarry Ponds near Lower Benue Trough, Nigeria. Water samples were 

collected using 1liter amber glass bottles each fitted with a screw cap and lined with foil from 

the four abandoned quarry pits measured fifty meters (50m) (165ft) deep. These were labeled 

ABP1, ABP2, ABP3, ABP4, while the wells were labeled HDW (hand dug wells) measured 

eighty meters (80m) (264ft) deep and BH (borehole), measured two hundred eighty meters 

(280m) (924ft). In-situ measurements were done with HORIBA U-10 Water Quality Checker to 

determine pH, temperature, total dissolved solids, turbidity, conductivity, and salinity. 

Descriptive statistics, Pearson correlation (r) and test of homogeneity (ANOVA) were used to 

analyse data. There were no wide variations in the levels of the physicochemical parameters of 

water samples from the abandoned quarry ponds and wells. pH levels ranges between 6.800 

and 8.000 (7.200±0.225), temperature ranged between 29.000 and 29.400 (29.067±0.0667)oC, 

turbidity ranged between 5.00 and 20.00 (10.83±2.71)NTU, total dissolved solids (TDS) ranged 

between 500 and 1020 (720±103)mg/L, total suspended solids (TSS) ranged between 50 and 

800 (525±106) mg/L, Salinity ranged between 5.00 and 15.00 (10.00±1.83)0/00, conductivity 

ranged between 50.0 and 500.0 (183.7±69.1) µS∕cm, CaCO3 ranged between30.0 and 500.0 

(355.0±92.2) mg/L, Nitrate ranged between8.00 and 25.00 (13.83±2.52) mg/L, Sulfate150.0 

and 280.0 (215.0±18.4) mg/L while Sodium 205.0 and 300.0 (255.8±15.5) mg/L. There was 

significant variation in levels of the physicochemical parameters measured [F (19.27) > F crit 

(2.37)] at P< 0.05 and sodium, conductivity, Sulfate and Calcium Carbonate were the most 

responsible for the observed inequality. Nitrate correlated positively with turbidity(r=0.942), 

and sulfate correlated positively with total dissolved solids (r=0.942) while turbidity correlated 

positively with total dissolved solids, (r=0.930) and (r=0.964) at P<0.01. Results indicated that 

the near surface water table and rock over-breaking due to uncontrolled blasting enhance pond 

water and groundwater interaction, thereby increasing groundwater pollution. And this could be 

responsible for the increased levels of the physicochemical parameters in the hand dug wells 

which portends grave danger to consumers in the study areas.  



x 
 

Keywords: Abandoned quarry ponds, Geo-environmental hazards, Physiochemical   

parameters, Uncontrolled blasting. 
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CHAPTER ONE 

1.0                                          INTRODUCTION 

1.1 Background of the Study 

           There are two types of rock quarries: Those with dimension stone, 

which defines large slabs of rock that will become floor and counter tiles, 

walkway flagstones, slate roofs and counter tops; and those with gravel and 

small particle stone, which are available in "pits" and are used in landscaping 

projects, gravel roads, drainage near house foundations or weed control around 

plantings. A quarry is a profitable operation, but it also serves many other 

purposes of an educational nature. Both rocks and minerals are available for 

mining. The quarry may contain layered rock or soft rock (limestone, 

sandstone) that sheds a fine powder. 

           Rock quarries are attractive places to observe. They can also be 

educational in nature. Some quarries are notable for their interactive activities 

and others have museums and studios that are open to the touring public. One 

such place is Rock of Ages Mine located in Barre, Vermont. According to 

Lewis (2008) Rock of Ages is more than 100 years old. The original owners 

believed that companies would be loyal clients if they were gently educated. 

Their clients purchase granite for graveside memorials. In the interest of 

education, the granite mining operation now includes a public train ride 
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through the quarry Nwachukwu et al (2010). Following this is a visit to the 

amphitheatre for a multimedia show explaining the process of granite mining. 

No one leaves this granite rock quarry empty handed. Your visit ends in the 

carving workshop where you learn to carve into a piece of granite--and then 

bring it home as a souvenir. Quarrying is a very old technology, used since the 

time of the ancient Egyptians for the limestone used in their immense 

pyramids, temples and monuments. Quarrying from an open pit has always 

been less expensive and hazardous than mining in underground tunnels and 

vertical shafts Olade (1975). Some quarries used in Roman times, including the 

Carrara quarry in Tuscany, are still in production and contain inscriptions and 

artifacts that provide useful information for archaeologists and historians Olade 

(1975). 

          Quarries present several hazards to engineers and workers. Cutting into a 

face can cause dangerous rock falls and flying stone fragments. Quarry pits can 

also fill with water in areas where groundwater lies near the surface, and water 

is continually pumped out of quarry in order to keep them clear of water. In 

some quarries, stone cutting continues underneath the water surface by 

dredging, Reyment (1965).  
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           Quarries pose environmental problems as well. Quarrying operations 

create dust, which becomes a nuisance to the environment in addition to the 

noise of demolition work that is necessary. Excavating quarries destroys 

natural landscapes and wildlife habitats. To service quarries, roads must be 

built and during operations a constant stream of construction and excavation 

vehicles to and from the site produces noise and air pollution from dust. 

Quarries can be exploited as long as the limestone deposit remains intact 

Nwachukwu (2002). Eventually, they go out of production and must be 

abandoned; Quarries that are no longer in operation pose dangers to hikers and 

trespassers who see a quarry pool as an inviting place for a swim ignoring 

dangerously cold water and the many underwater hazards that are often present 

like hitting ones head on the rock covered by water, jumping into sharp stone 

edges etc. 

A Community may experience hazards accountable to abandoned pits than the 

active pits. There may be presence of mosquito and dust pollution particularly 

during the dry season (October-March) caused by traffic of trucks hauling rock 

aggregates from the active quarries. This they complain comes with noise 

pollution that starts as early as 5.00 am. Excavating quarries destroys natural 

landscapes and wildlife habitats, Lameed and Ayodele (2010). 
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            In this study abandoned quarry pits in Lokpa-Ukwu and Lekwesi in 

Abia State are investigated. Abandoned quarry pits have potentials for 

environmental hazards. The communities share elongated settlement along 

their only main road that has become the only haulage road. Abandoned quarry 

pits originally established through uncontrolled blasting threatens life and 

safety of human beings and other organisms. They could lead to failure of 

other engineering structures such as buildings, roads, bridge, dams etc in their 

vicinity Loupasakis and Karfakis, (2008). They threaten habitants and 

ecosystem. According to Lameed and Ayodele (2010), forest ecosystem of 

unexploited plot of quarry is seriously a disturbed by quarry activity. The pits 

may be used for waste dumping or contain contaminated pool of water, thus 

becoming sources of groundwater pollution and breeding place for mosquitoes. 

These abandoned mine pits deserve reclamation to account for sustainable 

mining practices in Nigeria. Some quarry operators in the lower Benue areas 

do not conduct proper mapping or exploration of a proposed site prior to 

excavation and mining. Trial mining or excavation in this way has resulted in 

economic waste, and several abandoned pits that threaten life and ecosystem in 

the vicinity Berry and Pistocchi (2003). 

 In archaeological terms, a quarry or mine site is where raw material-stone or 

metal ore-was mined for use as building material or tool construction. 
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Quarrying is interesting to archaeologists, because discovering the sources of 

raw materials found on archaeological sites tells us how far people in the past 

could and would go for specific purposes, or what their trade networks might 

have been like Bloxam (2011). Evidence at a quarry might also show available 

technology in the form of tools left behind and cut marks in the walls of the 

excavation pits. According to Bloxam (2011), the historical value of quarry site 

is listed as four data elements: the resource itself (that is, the raw material); the 

production remains (tools, spoil and discarded products); the logistics (what it 

takes to get the raw material out of the quarry); and the social infrastructure 

(the organization of people required to use the quarry, make the objects and 

transport them away). She argues that quarries should be seen as complexes, 

fitting into a dynamic landscape where tradition, ancestry, memory, symbolism 

and information about territorial ownership coexist. 

          A quarry is a type of open-pit mine from which rock or minerals are 

extracted. Quarries are generally used for extracting building materials, such as 

dimension stone, construction aggregate, riprap, sand, and gravel. They are 

often collocated with concrete and asphalt plants due to the requirement for 

large amounts of aggregate in those materials. The word quarry can include 

underground quarrying for stone, such as Bath stone. Quarries in level areas 

with shallow groundwater or which are located close to surface water often 
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have engineering problems with drainage. Generally the water is removed by 

pumping while the quarry is operational, but for high inflows more complex 

approaches may be required. As a quarry becomes deeper water inflows 

generally increase and it also becomes more expensive to lift the water higher 

during removal - this can become the limiting factor in quarry depth. Some 

water-filled quarries are worked from beneath the water, by dredging Jacobs 

and Army (2006). 

          Many people and municipalities consider quarries as environmentally 

hazardous, which require various abatement methods to address problems with 

noise, dust, and appearance. Many quarries naturally fill with water after 

abandonment and become lakes. Others are made into landfills. A further 

problem is the pollution of the road from trucks when they are leaving the 

quarries. To control and eliminate the pollution of public roads wheel washing 

systems are becoming more common. Water-filled quarries can be very deep 

with water, often 50 feet or more that is often surprisingly cold. Though quarry 

water is often very clear, submerged quarry stones and abandoned equipment 

make diving into these quarries extremely dangerous. Several people drown in 

quarries each year. However, many inactive quarries are converted to 

swimming pools. Loupasakis and Karfakis (2008) reported how gradual 
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incorporation of the abandoned quarries in into the cities of Greece generated 

the need for change of their usage to be environmentally compatible.  

          According to Berry and Pistocchi (2003), early response to issues of 

abandoned quarry pits is to characterize the special features of the effects of 

blasting and other quarry operations. Efforts will then be made to control these 

effects when the quarry was still active, than when it becomes inactive and 

abandoned.   For example, both active and abandoned quarry pits should be 

fenced off or otherwise secured to prevent people from injuring themselves 

there. However that is not applicable to the abandoned quarry pits in the study 

area. In some cases there may be toxins present at the site, due to the way in 

which the rock was extracted. In others, as the quarry slowly fills with water, it 

may be a tempting place to swim. A quarry may pose hazards to swimming 

through objects in the water, depth, coldness, or toxins which may have 

leached into the water. In some cases, an inactive quarry may be converted into 

a swimming area, with modifications made to create a safe swimming and 

recreation area. A quarry is a profitable operation, which in the Benue Trough 

is mainly for production of rock aggregates used in all engineering structures: 

Roads, Buildings, Dams, Bridges, and foundation treatments, etc. Over the 

years significant advances have been made in our understanding of the geo-

environmental hazards associated with abandoned quarry ponds.  
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       The goal of this thesis is to inform the government, non-governmental 

organizations (NGOs), Individuals and prospective quarry operators of the 

needs of reclamation of quarry pits and the dangers it poses to the health of 

inhabitants and engineering structures in the locality. Proper mapping and 

assessment of intrusive body(s) in a proposed quarry site is a first step to 

successful and economic quarry development and operation. Webmaster 

(2012) observed that most abandoned quarry pits were operated during the 

time when environmental concerns and conservation issues were less sensitive 

and environmental and mining rules and regulations were not as stringent. In 

the study area, enforcement of mining rules and regulations has never been 

effective. Minerals and Mining Decree No 34 of 1999; Laws of the Federation 

of Nigeria requires the ministry, and the minister for mineral development to: 

(a)    Ensure the orderly and systematic development of the mineral resources 

of Nigeria  

(b)    Have a well planned and coherent program of exploration of mineral 

resources taking into account the national interest, state security, economic 

development, ecological and   environmental factors; 

(c)     Introduce adequate measures to discourage illegal mining  

(d)     Protect society and the environment from the adverse effects of 

unapproved mining practices and operations; and  



9 
 

(e)     Prescribe measures for the general welfare and safety of workers 

engaged in the exploitation of minerals. 

However, content of this decree has not provided specifically for the 

responsibility of quarry operators and the government with respect to 

environmental quality and safety after mining. Because of this, abandoned 

quarry pits and the associated hazards has lived with the people as part and 

parcel of environment of the lower Benue Trough.  

The Benue Trough is a major geological formation underlying a large part of 

Nigeria and extending about 1,000 km northeast from the Bight of Benin to 

Lake Chad. It is part of the broader of Central African Rift System. The trough 

has its southern limit at the northern boundary of the Niger Delta, where it dips 

down and is overlaid by Tertiary and more recent sediments. It extends in a 

northeasterly direction to the Chad Basin, and is about 150 km wide Adighije 

(2009). 

The trough is arbitrarily divided into lower, middle and upper regions, 

and the upper region is further divided into the Gongola and Yola arms. A 

common explanation of the trough's formation is that it is an aulacogen, an 

abandoned arm of a three-armed radial rift system. The other two arms 

continued to spread during the breakup of Gondwana, as South America 

separated from Africa (Olade 1975). According to Adighije (2009), the Benue 
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Trough, located at the Gulf of Guinea re-entrant on the West African coast is a 

unique Cretaceous rift whose origin is related to the opening of the South 

Atlantic and the continental separation of Africa from South America. The 

trough extends northeastwards for 700 km from the Niger Delta to the Chad 

Basin and is filled with an estimated 5,000 m of Cretaceous sediments and 

volcanic rocks (Ukaegbu 2008). 

          The geologic history of Lekwesi and environs shows that during the 

Albian stage, majority of the argillaceous sediments in the area were laid 

down. Then the general topography (landscape) was more or less flat. 

However, the tectonic activities that occurred during the santonian age 

deformed these rocks and resulted in considerable folding of the sediments 

(Kogbe 1975). There is igneous intrusion within Asu-River Group (Albian 

age). These Igneous intrusions are therefore post Albian events (in accordance 

with the principle of cross-cutting relationship). The intrusive are widely 

distributed from Ishiagu to beyond Zurak. But the more notable areas are 

Ishiagu, Lekwesi, Lokpa in Okigwe area, Abakaliki, Lafia, Egbede Hills and 

Aghila area south of the belt. Etuk et al. (2008) described the Lokpaukwu-

Lekwesi–Uturu–Ishiagu magmatic belt of the Lower Benue Trough as an 

example of structurally controlled igneous intrusion. They believed that heat 

from the igneous intrusions raised the temperature of the source rocks above 
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the liquid oil window limit, and thus inhibited the preservation of essential 

constituents of petroleum in the shale of the Lower Benue Trough. The general 

relief of this study area is characterized by hills and valleys. Majority of the 

hills and valleys align in; The NW-SE direction, and conform to orientation of 

the folds from the Santonianorogenic deformation.  

          The environmental responsibility of open pit mining operations is 

protection of the air, land, and water. Quarries are developed along the lower 

Benue Trough since mid 19th century with virtually no environmental controls. 

This is largely attributed to the fact that environmental impact was neglected or 

not understood. Even when the awareness is created, and regulations put in 

place, such regulations are never enforced.  In addition, the required 

technology is not usually available during this period to prevent blind mining 

or control environmental damage. Abandoned quarry pits have been on the 

increase, and no consideration is so far made about their reclamations by the 

operators or the law. Reclamation practices, such as using recovered earth 

materials and revegetation, and employing mitigation measures to offset 

potential impacts to lives, properties, domestic animals and wildlife is 

necessary. Dead human bodies, dead wild and domestic animals, as well as 

skeletons may be found within and around such ponds even when isolated 

from residential areas Adighije (2009). 
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          The Benue Trough is a major geological formation underlying a large 

part of Nigeria and extending about 1,000 km northeast from the Bight of 

Benin to Lake Chad. It is part of the broader Central African Rift System. The 

trough has its southern limit at the northern boundary of the Niger Delta, where 

it dips down and is overlaid with Tertiary and more recent sediments. It 

extends in a northeasterly direction to the Chad Basin, and is about 150 km 

wide. The trough is arbitrarily divided into lower, middle and upper regions, 

and the upper region is further divided into the Gongola and Yola arms. The 

Anambra basin in the west of the lower region is more recent than the rest of 

the trough, being formed during a later period of compression, but is 

considered part of the formation, Grant et al. (1971). The Benue Trough was 

formed by rifting of the central West African basement, beginning at the start 

of the Cretaceous era, Wright (1968). At first, the trough accumulated 

sediments deposited by rivers and lakes. During the Late Early to Middle 

Cretaceous, the basin subsided rapidly and was covered by the sea. Sea floor 

sediment accumulated, especially in the southern Abakiliki Rift, under oxygen-

deficient bottom conditions, Wright (1968). In the Upper Cretaceous, the 

Benue Trough probably formed the main link between the Gulf of Guinea and 

the Tethys Ocean (predecessor of the Mediterranean Sea) via the 

Chad and Iullemmeden Basins Burke et al. (1971). Towards the end of this 
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period the basin rose above sea level, and extensive coal forming swamps 

developed, particularly in the Anambra basin. The trough is estimated to 

contain 5,000 m of Cretaceous sediments and volcanic rocks Nwachukwu et al. 

(2010). A common explanation of the trough's formation is that it is 

an aulacogen, an abandoned arm of a three-armed radial rift system. The other 

two arms continued to spread during the break-up of Gondwana, as South 

America separated from Africa Olade (1975). The two continents seem to have 

started to split apart at what are now their southern tips, with the rift extending 

up the modern coastlines to the Benue trough, then later split along what are 

now the southern coast of West Africa and the north eastern coast of South 

America. As the continents were wedged apart, the trough opened up. When 

separation was complete, the southern part of Africa swung back to some 

extent, with the sediments in the Benue trough compressed and folded 

Cratchley et al. (1965). During the Santonian age, around 84 million years ago, 

the basin underwent intense compression and folding, forming over 

100 anticlines and synclines. The deposits in the Benue Trough were displaced 

westwards at this time, causing subsidence of the Anambra basin, Grant et al. 

(1971). 

          According to Adighije (2009) The Benue Trough, located at the Gulf of 

Guinea re-entrant on the West African coast is a unique Cretaceous rift whose 
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origin is related to the opening of the South Atlantic and the continental 

separation of Africa from South America. The trough extends northeastwards 

for 700 km from the Niger Delta to the Chad Basin and is filled with an 

estimated 5,000 m of Cretaceous sediments and volcanic rocks. Studies on the 

origin and tectonic evolution of the Benue Trough have been based so far 

principally on surface geological and geochemical evidence. Gravity 

measurements by Cratchley and Jones in the middle Benue area are of limited 

significance because they were aimed mainly at resolving the then controversy 

between the tensional and compressional hypotheses. New and more extensive 

gravity data presented here indicate rifting in the upper and middle sections of 

the trough whereas the complex field over the lower section could be due to an 

‘unsuccessful’ attempt to open into an ocean during the late Cretaceous. 

 

1.2. Statement of Problem 

Geo-environmental hazards and disasters in Nigeria are not only on the 

rise but alarming, both in frequency and intensity with increasing heavy toll in 

human, economic and ecological terms. Pollution of groundwater by quarrying 

or mining activities is widespread in industrialized nations. Such pollution is 

likely to be found wherever mining activities are used, or neglected. It is 

known that groundwater can also be contaminated by spills and leaks from 
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storage tanks, waste dumps, surface and underground pipeline leakages, poor 

treatment and management of waste dump sites, etc Davis and Masten (2004). 

Ground water is the main source of drinking water for the inhabitants of 

the Lokpaukwu and Lekwesi. This water is pumped from wells dug into 

underground water aquifers. In recent times residents of the Lokpaukwu and 

Lekwesi have raised complaints of presence chemical films on their waters 

from ground sources after a day or two. The porous soil, together with the 

stagnant water in the abandoned ponds/pits is increasingly polluted and could 

lead to groundwater contaminations. 

Unfortunately, no research work has been carried out on the Geo-

environmental hazards and disasters on the presence of the polluted stagnant 

water in the abandoned quarry pits of these communities, even as inhabitants 

continue to complain. This research therefore is an attempt to assess the 

groundwater quality around abandoned quarry ponds and the levels of the 

pollutants in the groundwater source of the area. 

 1.3. Aim and Objectives 

The aim of this study is to determine the influence of the abandoned quarry 

ponds on the groundwater quality of the study area. In achieving this aim, the 

following objectives guided the study: 



16 
 

1. Determinations of the concentration of the pollutants from the abandoned 

quarry ponds on the groundwater of the community. 

2. Determination of the pollutant components that contributed significantly 

maximal variability’s in the original variables. 

3. Determination of longitudinal spatial variations in physicochemical 

variables concentrations in the water source. 

4. Comparison of physiochemical variables levels in groundwater sources 

with regulatory standards.  

 

1.4. Scope and Delimitation of study 

This research work investigated the presence of the several active and 

abandoned quarry pits within Lokpa-ukwu and Lekwesi communities, Abia 

state. The physiochemical variables were identified. 

 

1.5. Significance of study 

Based on the above stated objectives the followings are some of the 

benefits of this study: 

1. It will assist government agencies such as the Federal Environmental 

Protection Agency (FEPA), and Ministry of Health in the development 
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and implementation of strict water quality standards and lead to 

improvement in decision-making that relates the prevention, 

management and guidelines for quarry and mining operations. 

2. This work will assist the companies to appreciate the potential adverse 

effects their operations pose on the health and environment of their host 

community. This will enable them adapt and implement more 

environmentally friendly methods and techniques in their operations. 

3. The work will educate inhabitants on the need to adopt high standard for 

water treatment of pollution in their drinking water supply. 

4. It will serve as a reference for future research works, especially on Geo-

environmental hazards and disasters on quarry operations and contribute 

to already existing knowledge bank on groundwater pollution. 
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CHAPTER TWO 

2.0                                LITERATURE REVIEW 

2.1The Concept of Quarry or Mining  

          Many people and municipalities consider quarries to be eyesores and 

require various abatement methods to address problems with noise, dust, and 

appearance. Many quarries naturally fill with water after abandonment and 

become lakes. Others are made into landfills. A further problem is the 

pollution of the road from trucks when they are leaving the quarries. To control 

and eliminate the pollution of public roads wheel washing systems are 

becoming more common. Water-filled quarries can be very deep with water, 

often 50 m or more that is often surprisingly cold. Unexpectedly cold water 

can cause a swimmer's muscles to suddenly weaken; it can also cause shock 

and even hypothermia. Though quarry water is often very clear, submerged 

quarry stones and abandoned equipment make diving into these quarries 

extremely dangerous. Several people drown in quarries each year. However, 

many inactive quarries are converted into safe swimming sites, Bloxam (2011). 

Quarries can be exploited as long as the rock or the economic deposit 

remains intact. Eventually, they go out of production and become abandoned. 
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Quarries that are no longer in operation pose dangers to man and all animals in 

the vicinity. Uncontrolled blasting as practiced in the study area, results in a 3-

D over-breaking of rock, creating joints and fracture planes. Nwachukwu, 

(2002) described the application seismic techniques in trial blasting to control 

of effects of blasting vibration to immediate environment. This was used to 

obtain safe blasting distance to structures requiring protection and in the 

control of over breaking. 

          A rock quarry is one type of mine not located underground. The quarry 

is usually in an area known to be abundant in particular rocks or formations of 

rocks. The terms "rock quarry" and "gravel pit" are often confused or used 

interchangeably. Mining of most rocks is for use in construction projects. Rock 

quarries are located around the globe. A quarry usually has a heavy 

concentration of one particular type of rock like limestone, slate, granite or 

marble. According to Naithani et al. (2010), a quarry is a large deposit of rock 

such as granite which is mined for use in construction projects. Quarries can be 

found all over the world, and most contain a heavy concentration of a 

particular type of rock such as marble, limestone, slate, or gypsum. In many 

nations, the word quarry is used interchangeably for two types of quarry: 

gravel pits, from which gravel and particulate matter are extracted, and 

dimension stone quarries, from which large chunks of sheets of rock are 
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extracted for use in building. Dimension stone is used to make tiles, flagstones, 

counters, roofs, and other projects which require large slabs of uniform stone. 

Unlike other types of mines, a quarry is usually not dug out underground, and 

rarely reaches a depth greater than 60 feet (18 meters) Berry and Pistocchi 

(2003).  

          A shallow pit is excavated into a deposit of rock which runs close to the 

surface, and the pit is slowly expanded to remove valuable rock material. If the 

quarry is being used to extract gravel or fill, explosives may be used to break it 

up before it is removed and loaded into trucks. If dimension stone is required, 

the excavation process is more painstaking to ensure that the stone is not 

damaged. While a quarry is in active operation, it must be protected from 

groundwater seepage and rain, or it will turn into a small pond or lake. Many 

quarries are surrounded with moats of impermeable material to prevent 

seepage, and are also covered to prevent rain from accumulating in the open 

pit. In some cases, pumps may be installed to assist with removing water from 

the quarry, Grant and Newton (2001). 

            The company that establish the quarry also maintains roads to and from 

the site, and sometimes builds a temporary processing center for the rock so 

that it can be removed, graded, and processed on site, with excess being 
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disposed at the site rather than miles away. After a quarry is abandoned, it is 

usually fenced off or otherwise secured to prevent people from injuring 

themselves there. In some cases there may be toxins present at the site, due to 

the way in which the rock was extracted. In others, as the quarry slowly fills 

with water, it may be a tempting place to swim. However, the quarry may pose 

hazards to swimming through objects in the water, depth, coldness, or toxins 

which may have leached into the water. In some cases, an inactive quarry may 

be converted into a swimming area, with modifications made to create a safe 

swimming and recreation area, Loupasakis and Karfakis (2008). 

2.2 Intrusive rock formations 

According to Lewis (2008) igneous intrusions form when cooling, 

crystallization and loss of gases cause a once fluid magma to solidify. Most 

rocks that form intrusions originate as either granitic or basaltic magma. 

Granitic magmas are low density and small quantities, just a few kilometers 

wide, rise slowly through the earth’s upper crust, pushing existing country rock 

aside. However, very large granite masses, which can be up to 1,000 times 

larger, are formed when magma incorporates heated country rock. 

            An intrusive igneous rock is called a pluton. Major plutons include 

batholiths and stocks. Minor plutons include dykes, sills and laccoliths. A dyke 
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is a shaft of igneous rocks that cuts across the geological layers, whereas a sill 

runs parallel to the geological strata. A laccolith forms a larger intrusion that 

causes rocks above to form domes. The landforms produced by plutons depend 

on the size of the intrusion and its strength relative to surrounding rocks. If it is 

more resistant, it forms uplands or elevated areas; if it is weaker, it may form 

topographic depressions. Intrusive rocks tend to be coarse grained, since the 

magma cools slowly and has sufficient time to form large crystals. Extrusive 

igneous rocks cool rapidly at the earth’s surface, producing fine grained or 

glassy rocks. Basalt is fine grained because it cools very rapidly, whereas 

gabbro and granite are coarse grained because they have cooled slowly 

Lameed and Ayodele (2010). 

2.3   Lower Benue Trough and Igneous intrusive rocks  
 
Nwachukwu et al. (2010) states that the Benue Trough is a major geological 

formation underlying a large part of Nigeria and extending about 1,000 km 

northeast from the Bight of Benin to Lake Chad. It is part of the broader of 

Central African Rift System. The trough has its southern limit at the northern 

boundary of the Niger Delta, where it dips down and is overlaid by 

Tertiary and more recent sediments. It extends in a northeasterly direction to 

the Chad Basin, and is about 150 km wide. The trough is arbitrarily divided 
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into lower, middle and upper regions, and the upper region is further divided 

into the Gongola and Yola arms         

There is igneous intrusion within Asu-River Group (Albian age). These 

intrusions are therefore post Albian events (in accordance with the principle of 

cross-cutting relationship). The intrusive are widely distributed from Ishiagu to 

beyond Zurak. But the more notable areas are Ishiagu, Lekwesi, Lokpa in 

Okigwe area, Abakaliki, Lafia, Egbede Hills and Aghila areas, south of the 

belt. Etuk et al. (2008) described the Lokpaukwu-Lekwesi–Uturu–Ishiagu 

magmatic belt of the Lower Benue Trough as an example of structurally 

controlled igneous intrusion. They believed that heat from the igneous 

intrusions raised the temperature of the source rocks above the liquid oil 

window limit, and thus inhibited the preservation of essential constituents of 

petroleum in the shale of the Lower Benue Trough.  

The sedimentary units in this area are generally cretaceous in age, and 

have long been studied by several authors (Reyment 1965; Kogbe 1975; 

Adegoke 1969). Based on the findings of these authors, Asu River group is the 

lowest (oldest) lithostratigraphic unit of the cretaceous age laid down within 

the Benue Trough. The Benue Trough originated from early Cretaceous rifling 

of the central West African basement uplift. It forms a regional structure which 
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is exposed from the northern frame of the Niger Delta and runs northeast for 

about l000 km to underneath Lake Chad, where it terminates. 

          Whiteman (1972) showed that the Asu-River Group was intruded by 

minor basic and intermediate intrusive during the Santonian period which 

outcrop around Isiagu, Lekwesi, and Lokpa-ukwu. The geologic history of 

Lekwesi and environs shows that during the Albian stage, majority of the 

argillaceous sediments in the area were laid down. Then the general 

topography (landscape) was more or less flat. However, the tectonic activities 

that occurred during the santonian age deformed these rocks and resulted in 

considerable folding of the sediments (Kogbe 1975).  

 

2.4. Groundwater and the Hydrologic Cycle 

Groundwater is water held within the interconnected openings of 

saturated rock beneath the land’s surface. The constant movement of this water 

is often called “the hydrologic cycle”. The cycle demonstrates three basic types 

of activity: inflows, outflows, and storage. An inflow is an increase in water to 

a part of the hydrologic cycle, while an outflow is a removal of water. The 

term “storage” refers to retention of water by a particular part of the system. If 

inflows to an aquifer exceed outflows, then the amount of water stored in the 
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aquifer will increase, while if outflows exceed inflows the amount of water 

held by the aquifer will decrease, Mason (2003.). 

          There are six major components to this cycle: evapotranspiration, 

condensation, precipitation, infiltration, percolation, and runoff. 

Evapotranspiration refers to the combined effect of evaporation and 

transpiration. Evaporation is the process by which water is returned to the 

atmosphere; water on various surfaces (such as ponds, rivers, and oceans) is 

heated by the sun until it vaporizes and rises into the atmosphere. 

Transpiration refers to the return of moisture to the air by plant life; plants 

draw in water through their roots and then shed some of this water through the 

pores in their leaves Mbaneme and Okoli (2012). 

          Water on the surface of plant leaves then goes through the process of 

evaporation. As this moisture collects in the atmosphere, clouds form. 

Eventually, the moisture falls as some form of precipitation (rain, snow, sleet, 

or hail). The form, amount, and intensity of this precipitation vary by season 

and geographic location, and these variables determine whether or not water 

will flow into streams or infiltrate into the ground. Water that infiltrates into 

the ground seeps into soil and is the sole source of water to sustain vegetation 

growth. Infiltration also plays a role in maintaining the groundwater supply to 
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wells, springs and streams. Physical characteristics of the soil, soil cover, water 

content of the soil, soil temperature and rainfall intensity all influence the rate 

of infiltration. The movement of water through soil and rock is referred to as 

“percolation”; the terms “infiltration” and “percolation” are frequently used 

interchangeably. The term “runoff” refers to the movement of water (typically 

from precipitation) across the earth’s surface to streams, lakes, oceans, and 

depressions in the surface; rainfall duration and intensity, slope of the ground, 

soil type, and ground cover may all influence the rate of such runoff (United 

State Environmental Protection Agency 2000). 

         The cycle demonstrates that when rain falls, some water flows along the 

land surface to streams  or lakes (runoff), some evaporates into the atmosphere, 

some is used by plants (evapotranspiration), and some seeps into the ground 

(infiltration). As water begins to seep into the ground, it enters what is referred 

to as the unsaturated or vadose zone. This zone contains both water and air. The 

upper part of the zone, called the root or soil zone, supports plant growth and 

contains living roots, holes left by decayed roots, as well as animal and worm 

burrows. Beneath the root zone lays the intermediate zone, followed by the 

saturated capillary fringe. The saturated capillary fringe results from the 

attraction between water and rocks. This attraction causes water to cling as a 

film on the surface of rock particles. Water passes through the unsaturated zone 
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to the saturated zone, where all the interconnected openings between rock 

particles are filled with water. It is within this saturated zone that we find 

“groundwater” (US EPA 2000). 

          Groundwater is held in aquifers. According to Mbaneme and Okoli 

(2012), an aquifer is a rock unit that will yield water in usable quantities to 

wells or springs; it is typically unconsolidated deposits, sandstone, limestone, 

or granite. An aquifer can be visualized as a large underground sponge that 

contains water and, under certain conditions, will allow water to pass through 

it. An aquifer may contain either the saturated and unsaturated zones, or only 

the saturated zone. 

          The process by which aquifers are replenished with surface water is 

known as “recharge”.  Recharge can occur either naturally or artificially. 

Infiltration of rainfall into the ground, and percolation of this rainfall to 

underlying aquifers is a natural form of recharge, occurring as part of the 

hydrologic cycle. The rate of recharge is determined by several factors, 

including the soil’s physical characteristics, plant cover, and slope of the 

ground, as well as the water content of ground surface materials (US EPA 

2000). Surface waters can also recharge aquifers. This type of recharge 
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typically occurs in dry areas, as lakes and creeks fill up with water during 

periods of heavy rainfall (US EPA 2000). 

           Water may seep up from the sides of these surface water bodies and 

percolate. Finally, recharge may be artificially induced by pumping or 

injecting water into wells; the water then recharges the aquifer directly. 

Artificial recharge is also accomplished by spreading water onto the earth’s 

surface, where the water can then percolate into the groundwater (US EPA 

2000). 

          Groundwater is a vital natural resource with a high ecological and 

economical value because it provides recharge to surface water bodies, and is a 

source of clean water for drinking, agricultural and industrial uses. 

Contamination from natural and anthropogenic sources threatens the quality of 

these resources. A variety of human activities can result in groundwater 

pollution. 

 

2.5. Concept of Pollution 

          The advance Learners English Dictionary (2000) describes 

pollution as “making dirty, destroy the purity and sanctity of the environment; 
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making water unfit to drink, anything that pollutes e.g. exhaust fumes from a 

motor cycle. 

          Over the years, the term “Pollution” has been defined and 

described by various scholars. Bhatia (2009) defined pollution as an 

undesirable change in the physical, chemical or biological characteristics of air, 

water, and soil that may harmfully affect the life or create a potential health 

hazard of any living organism. Pollution can be put simply as the direct or 

indirect change in any component of the biosphere that is harmful to the living 

components and in particular undesirable for man, affecting adversely the 

industrial progress, cultural and natural assets or general environment. Silphaus 

(1966) defines pollution as undesirable change in the physical, chemical, or 

biological characteristics of the environment (air, water, soil) that may or will 

harmfully affect human life or that of other species, our raw material resources. 

These definitions also relate to Davis and Masten (2004) definition that 

pollution is the presence of any foreign substance (organic, inorganic, 

radiological or biological) in air, land, or water that alters the quality of these 

resources to such a point that it constitutes health hazard or impairs its 

usefulness.  
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Satyanarayana et al. (2009) said that pollution broadly refers to the 

presence of undesirable substances in the environment which are harmful to 

man and other organisms. According to Dix (1981), pollution is a natural or 

induced change in the quality of the environment (air, water and land) which 

renders it unsuitable or dangerous as regards food, human and animal health, 

industry, agriculture, and fishing, or leisure pursuits. 

Pollution can be succinctly defined as the introduction of contaminants 

into the environment that cause harm or discomfort to humans or other living 

organisms, or that damage the environment which can come in the form of 

chemical substances or energy such as noise, heat or light. Pollution is also the 

addition of any substance or form of energy (e.g. heat, sound and radioactivity) 

to the environment at a rate faster than the environment can accommodate it by 

dispersion, breakdown, recycling, or storage in some harmless form. It is a 

man-made problem, Mbaneme (2012). 

 

2.6. Concept of Pollutant 

          Pollutants can be naturally occurring substances or energies, but 

are considered contaminants when in excess of natural levels. It is classified 

based on their sources, nature, effect on environment and the receiving body. 



31 
 

According to Bhatia (2009), any substance which causes pollution is called 

pollutant. To Dhameja (2011), pollutants are any substance present in the 

environment in harmful concentration which adversely alters the environment 

by damaging the growth rate of specie and by interfering with the food chains. 

It is toxic and affects the health, comfort and property of living things. 

Smoke from industries and automobiles, domestic and commercial 

sewage, radioactive substances from nuclear plants and discarded household 

articles (tins, bottles, crockery etc are all pollutants). Pollutant may thus 

include any chemical or geochemical (dust, grit, sediments etc) substance, 

biotic component or its product, or physical factor (heat). 

 

2.7. Health Effects of Pollutants 

          Considerable debate persists about the nature of the damage to 

health these contaminants cause, and the quantities at which such contaminants 

pose serious risks. Part of the difficulty in assessing the health effects of 

contamination is uncertainty about the dose-response relationship. In addition, 

we must realize that addressing one type of contamination does not necessarily 

eliminate, and may even increase, other sources of contamination. For 

example, restricting agricultural activity about a groundwater recharge zone 
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may result in increased industrial activity in the restricted area, thereby 

increasing the risk of chemical contamination Mason (2003). The potential 

health effects from groundwater contamination are vast, due in part to the large 

number of groundwater contaminants. 

Burmaster and Harris (1982) report that many compounds commonly 

found in groundwater depress the central nervous system, resulting in 

dizziness, nausea, fatigue, poor coordination, mental dullness and blurred 

vision. It is important to note that even if these chemicals are not directly 

ingested through drinking water, they may be inhaled or absorbed into the skin. 

Thus, activities involving contaminated groundwater, such as showering or 

bathing, may pose a human health threat. 

Consequently, purchasing bottled water for drinking purposes may not 

provide adequate protection from chemical contamination of one's primary 

water supply. Finally, even if a particular chemical is banned, groundwater 

contamination may persist much longer due to the slow process of purification 

in aquifers. 
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CHAPTER THREE 

3.0          METHODOLOGY 

3.1. Location of the Study Area 

          The study areas (Lokpa-Ukwu and Lekwesi) lie in the sedimentary basin 

of Southern Nigeria. The sedimentary units in this area are generally 

cretaceous in age, Kogbe (1975). Therefore the study area is underlain by the 

Asu-River Group (Albian), and bordered on the south by the Eze- Aku shale 

(Figure 1).  

The Asu River group is the lowest (oldest) lithostratigraphic unit of the 

cretaceous age laid down within the Benue Trough. The Benue Trough 

originated from early Cretaceous rifling of the central West African basement 

uplift. It forms a regional structure which is exposed from the northern frame 

of the Niger Delta and runs northeast for about l000 km to underneath Lake 

Chad, where it terminates Nwachukwu et al (2010). 
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Figure 1: The Geologic map of the study area showing the Eze- Aku shale 
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The study areas (Lokpa-Ukwu and Lekwesi) are in UmuNneochi Local 

Government Area of Abia State, a State in the Southern Nigeria, (Figure 2). 

The State was created on 27th August, 1991 from part of Imo State. The name 

“Abia” is an abbreviation of four of the state densely populated regions: Aba, 

Bende, Isukwuato and Afikpo in the north senatorial district of Abia State, 

Jacobs and Army (2006).  

They share boundaries with Enugu and Ebonyi State Northeast and 

Anambra State in the Northwest. The area is mostly accessible by the Enugu 

Port-Harcourt express road. The scarp slope of the Enugu Cuesta in the Enugu 

Okigwe area of the Anambra basin provides complete and easy accessibility. 

Although most of the minor roads and tracks connecting the express way from 

the hinterland are in bad condition especially during the wet season owing to 

the presence of mud underlain beneath the area Kogbe (1965). 
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Figure 2: Map of Abia State showing Umunnochi Local Government Area  
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The people of the study area inhabit along the roads mostly the major road 

that forms the gateway into the community. However they live in modern block 

houses only few mud houses can be seen sparingly within the nuclear area of the 

village. 

 

3.1.1. Population, Occupation and Terrain 

Jacobs and Army (2006) viewed population as an ‘entire group of 

people, objects or events having one characteristic in common. The land area is 

approximately 8.756sq kilometers with projected population of 3,411 people. 

They are blessed with rich soil, which supports Agriculture. The populace is 

predominantly yam and cassava farmers and therefore produces a lot of 

cassava fufu along with other food crops. The Local Government Council has 

an area of 386km2 and population of 163,928 at 2006 census. 

Agriculture use to be the only occupation of the people of the study area. 

This is induced by the rich soil which stretches from the northern to the 

southern part of the area. Subsistence farming is prevalent and about 70 per 

cent of the population is engaged in it. A few farmers also produce on a large 

scale. Farming in the study area is determined by seasonal distribution of 

rainfall. The main food crops grown are yam, cassava, rice, cocoyam and 
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maize while the cash crops include oil-palm, cocoa, banana and various types 

of fruits. 

Most farmers now are occupied by quarry operations. The attentions of 

the farmers are no longer in farming operations rather in mining activity which 

leads to destruction of farmland due to blind mining activities. 

 

3.1.2. Climates, Temperature and Vegetation 

The area is a water scarce region and has played host to mining activities 

for more than four decades. An annual rainfall of over 180-290 cm is recorded 

and wet season begins in middle April and reaches a peak of up to 300cm in 

July or September. The wettest month is July and dry season begins in late 

November through March. Mean monthly temperature range between 26- 

30oC, while humidity is about 60% and have been studied by several authors 

Kogbe (1975).  

The characteristic dendritic drainage pattern of the argillaceous and 

other fine grained sediments is not uncommon with Lekwesi and Lokpa-Ukwu. 

The Ishiagu and environs are well drained with the general river flow trending 

NE-SW. Majority of the rivers return in the northern part and merge as 

tributaries to the Asu-River Group, while those of the south form tributaries to 

Eze-Aku River. In addition, the general surface water flow pattern conforms to 
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the fold axes. Majority of the rivers in Lekwesi and environs align in this 

direction with the exception of those in the NW part which tend to flow in 

northeast southwest direction, (Kogbe 1975).  

The intrusive area is characterized by thick and dense vegetation typical 

of the tropical rainforest. The fine-grained soil; mostly clay, shale, silt and 

mixtures of these and sands support luxuriant plant growth. The presence of 

abundant trees, shrubs and grasses is responsible for the dense vegetation 

found in these areas. The vegetation however is denser in the parts directly 

overlain by the Asu-River Group that is, mainly Ishiagu, Lekwesi and Lokpa). 

Those in areas with Eze-Aku shale then grade after that of the Asu-River 

Group. The characteristic thick vegetation observed in the areas is overlain by 

the Asu River Group or close to it. It can be attributed to the close proximity of 

the Asu River group to the water table being the oldest lithostratigraphic unit 

of Cetaceous age in the area. However, outstanding vegetation cover occurs 

along the river banks or old river valleys. 

The Asu River group is the lowest (oldest) lithostratigraphic unit of the 

cretaceous age laid down within the Benue Trough. The Benue Trough 

originated from early Cretaceous rifling of the central West African basement 

uplift. It forms a regional structure which is exposed from the northern frame 

of the Niger Delta and runs northeast for about l000 km to underneath Lake 
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Chad, where it terminates. Whiteman (1972) showed that the Asu-River Group 

was intruded by minor basic and intermediate intrusive during the Santonian 

period which outcrop around Isiagu, Lekwesi, andLokpa-ukwu. The intrusive 

are widely distributed from Ishiagu to beyond Zurak. But the more notable 

areas are Ishiagu, Lekwesi, Lokpa in Okigwe area, Abakaliki, Lafia, Egbede 

Hills and Aghila areas, south of the belt. Etuk et al. (2008) described the 

Lokpaukwu-Lekwesi–Uturu–Ishiagu magmatic belt of the Lower Benue 

Trough as an example of structurally controlled igneous intrusion.  

The general relief of this study area is characterized by hills and valleys. 

Majority of the hills and valleys align in the NW-SE direction, and conform to 

orientation of the folds from the Santonianorogenic deformation. 

 

3.2. Sampling Technique 

Two replicate samples each were collected from six sampling points 

(abandoned quarry pits, and wells) in the study areas. Sampling was 

randomized in such a way as to cover the axis of the study area. However 

abandoned quarry pits selected were proximally closest to the point of the hand 

dug wells followed by borehole. 

          Distance of pits to residential areas was estimated using car mileage. Pit 

dimensions were measured with tape and the depth probed with logging tool 
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and by GPS measurements. Residential areas considered close to quarry pits 

are those not exceeding 2 km interval. 

 

3.3. In situ measurements 

The temperature and the pH of water samples collected at the study area 

were measured with Suntex TS-2 PH/MV/Temp Meter. The readings were 

recorded. The samples collected were measured for conductivity, salinity and 

total dissolved solids with HACH CO 150 Conductivity meter, Conductivity 

was expressed as µS/cm Pansu and Gautheyrou (2006). The readings were 

recorded. The turbidity and total suspended solids were measured with 

instrument called HACH DR/2000 Spectrophotometer, the readings were also 

recorded. 

3.4. Field Sample Collection 

          Water samples were collected using 1liter amber glass bottle fitted with 

a screw cap and lined with foil from the four abandoned quarry pits of 

approximately fifty meters (50m) (165ft) deep and were labeled ABP1, ABP2, 

ABP3, ABP4, (Figure 3) while the wells were labeled HDW (hand dug wells) 

of about eighty meters (80m) (264ft) deep and BH (borehole), measured two 

hundred eighty meters (280m) (924ft).  Samples were transported to the 
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laboratory in ice-chest to maintain their integrity. All sampling was done 

according to the method of Iwegbue (2007) 

Community members were interviewed about environmental hazards 

associated with the active and abandoned quarry pits and about their 

relationship with the quarry operators. Field observations were recorded in 

photographs. 

 

3.5. Apparatus 

          The following apparatus were used 

 Suntex TS-2 PH/MV/Temp Meter (for measurements of pH and temp) 

 HACH CO 150 Conductivity Meter (for measurement of conductivity, 

salinity and TDS). 

 HACH DR/2000 Spectrophotometer (for measurements of turbidity and 

TSS). The readings were all recorded according to Pansu and Gautheyrou 

(2006). 

 

3.6. Statistical Analysis 

          Univariate and bivariate analyses as provided by the SPSS© Version 17.0 

and MS Excel 2007 packages were employed in the analysis of data. The 
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Pearson correlation coefficient (r) was used to determine the influence of 

parameters detected on the pits on the hand dug well. Furthermore, descriptive 

statistics and one-way analysis of variance (ANOVA) was used to determine 

spatial variance equality in means of the parameters variables at P< 0.05, and 

subsequently, structure of group means was detected using means plots. These 

analyses were determined by the Macro Kjedah’s method as described by 

Brenner et al. (2005). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



44 
 

CHAPTER FOUR 

4.0 RESULTS AND DATA ANALYSIS 

4.1      Variation in physiochemical parameters 

There were no wide variations observed in the concentrations of the 

physicochemical parameters of abandoned mining pits and groundwater 

samples in the study area (Lekwesi and Lokpaukwu) (Appendix 4). pH levels 

ranges between 6.80 and 8.00, conductivity ranged between 50.00 and 500.00 

µS∕cm, total dissolved solids (TDS) ranged between 500.00 and 1020.00 mg/L, 

Calcium Carbonate (CaC03) ranged between 30.00 and 500 mg/L, total 

suspended solids (TSS) ranged between 50.00 and 800.00 mg/L, and Salinity 

ranged between 5.00 and 15.000/00,turbidity ranged between 5.00 and 20.00 

NTU However, Nitrate ranged between 8.00 and 25.00 mg/L, Sulfate ranged 

between 150.00 and 280.00 mg/L, Sodium ranged between 2050.00 and 300.00 

mg/L while temperature ranged between 29.00 and 29.40oC. 
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4.2     Spatial variation in the physiochemical parameters 

Of the physiochemical parameters measured, ABP 2 was the only one 

with highest level of all the physicochemical parameters. Maximum pH and 

total dissolved solids of 8.00and 1020.00 mg/L respectively were recorded in 

ABP2and Conductivity500 mg/L was recorded in ABP4.Minimum pH values 

of 6.8 were recorded in ABP1and 4, HDW, BH and Minimum total dissolved 

solids values of 500.00 mg/L were recorded in ABP1, HDW, and BH 

(Appendix 6). 

Fig. 4.1 shows that maximum Calcium Carbonate (CaC03) and total 

suspended solids (TSS) 1000.00 mg/L and800.00 mg/L respectively were 

recorded in ABP2 while Salinity 15.000/00, was recorded in ABP2 and BH. 

Minimum values (30.00and 50 mg/l) were recorded in BH while Salinity 

5.000/00, was recorded in ABP 1 and HDW. 

Maximum and minimum turbidity levels of 20.00 and 5.00 NTU were 

recorded in ABP2,ABP1, HDW and BH respectively while maximum and 

minimum Nitrate, and Sulphate levels of 25.00 mg/L, 280.00 mg/L, 8.00 mg/l 

and 150.00mg/l were recorded in ABP2, and BH respectively(Fig. 4.2). 

However, Fig. 4.3shows that maximum sodium and temperature of 300.00 

mg/l and 29.40oCrespectively were recorded in ABP 3 and 4 while minimum 
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Sodium 205.00 mg/L was recorded in BH and minimum temperature of 

29.00oCwere recorded in ABP1-3, HDW and BH. 
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     Figure 4.4: Plot physiochemical parameter between HDW and ABP1 
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  Figure 4.5 Plot of the physiochemical parameter between HDW and ABP2  
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             Figure 4.6 Plot of the physiochemical parameter between HDW and ABP3  
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    Figure 4.7 Plot of the physiochemical parameter   between HDW and ABP4  
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A test of homogeneity in spatial mean variance of the parameters at 

P<0.05 revealed significant difference [F (19.27)> F crit (2.37)] (Appendix 3). A 

further structure of group means that utilized HDW as predictor variable 

revealed that in ABP1, ABP2, ABP3 and ABP4, sodium (220.00) and 

conductivity (50.00) were most responsible for the observed significant 

differences (Figures. 4.4, 4.5,4.6and 4.7). However in BH, Sulphate (200.00) 

and Calcium Carbonate (500.00) was most responsible for the observed 

difference (Fig. 4.8). 
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Figure: 4.9. Regression scatter plot between total Suspended Solids 

(TSS) and Sulphate 
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Figure: 4.10.Regression Standardized Residual plot between total 
Suspended Solids (TSS) and Sulphate 
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4.3. Interactions of the Physiochemical parameters  

          The correlation test of the physiochemical parameters measured in 

abandoned pits (ABP), hand dug well (HDW) borehole (BH) waters samples 

of Lekwesi and Lokpa-Ukwu in Abia State are shown in Appendix 5.The 

parameters measured, nitrate correlated positively with turbidity, and sulphate 

correlated positively with total dissolved solids while turbidity correlated 

positively with total dissolved solids (r=0.942), (r=0.930) and (r=0.964) at 

P<0.01 respectively. 

4.4. Regression analysis between some physiochemical parameters 

The linear regression scatter plot (Fig. 4.9) shows that the relationship 

between in total suspended solids (TSS) and sulphate is statistically significant 

(P<0.01). The positive correlation (r = 0.964) indicates that when TSS increases, 

sulphate also tends to increase. The model summary table (Appendix 1) which 

reports the strength of the relationship between the model and the dependent 

variable (Sulphate) shows a multiple correlation coefficient, R, that is low 

(R=0.942), indicating weak relationship. The coefficient of determination, R2, 

shows that less than half the variation in TSS is explained by model the 

(R2=0.888). 
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The ANOVA table (Appendix 1) shows the regression and residual sums 

of squares that are highly unequal (9011.225 and 1138.745, respectively). This 

indicates that much more than half of the variation in TSS is explained by the 

model. The significance value of the F statistics which is less than 0.01 (Sig. f = 

0.005) indicates that the variation explained by the model is due to chance. 

         The coefficient’s table (Appendix 1) states that the expected Sulphate = 

.163X TSS concentration 129.210 = 129.373– .163 of TSS concentration. 

          The test of normality of the error term (Fig. 4.10) reveals a 

regression standardized residual plot that skewed to the right. 
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Figure: 4.11. Regression scatter plot between turbidity and 
nitrate 
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Figure: 4.12. Regression Standardized Residual plot between turbidity 

and nitrate 
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The linear regression scatter plot (Fig. 4.11) shows that the relationship 

between in nitrate and turbidity is statistically significant (P<0.01). The positive 

correlation (r = 0.930) indicates that when nitrate increases, turbidity also tends 

to increase. The model summary table (Appendix 2) which reports the strength 

of the relationship between the model and the dependent variable (Turbidity) 

shows a multiple correlation coefficient, R, that is low (R=0.930), indicating 

weak relationship. The coefficient of determination, R2, shows that less than 

half the variation in nitrate is explained by model the (R2=0.864). 

          The ANOVA table (Appendix 2) shows the regression and residual sums 

of squares that are highly unequal (190.833 and 30.000, respectively). This 

indicates that much less than half of the variation in nitrate is explained by the 

model. The significance value of the F statistics which is less than 0.01 (Sig. f = 

0.007) indicates that the variation explained by the model is due to chance. 

         The coefficient’s table (Appendix 2) states that the expected Turbidity 

=1.000nitrate concentration –4.000 = –3.000 – 1.000 of nitrate concentration. 

          The test of normality of the error term (Fig. 4.12) reveals a 

regression standardized residual plot that is slightly skewed to the right. 
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Figure: 4.13. Regression scatter plot between total dissolved solids 

(TDS) and Turbidity 
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Figure: 4.14. Regression Standardized Residual plot between total 
dissolved solids (TDS) and Turbidity 
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The linear regression scatter plot (Fig. 4.13) shows that the relationship 

between in turbidity and total dissolved solids (TDS) is statistically significant 

(P<0.01). The positive correlation (r = 0.964) indicates that when total dissolved 

solids (TDS) increases, turbidity also tends to increase. The model summary table 

(Appendix 3) which reports the strength of the relationship between the model 

and the dependent variable (Turbidity) shows a multiple correlation coefficient, 

R, that is low (R=0.964), indicating weak relationship. The coefficient of 

determination, R2, shows that less than half the variation in TDS is explained by 

model the (R2=0.928). 

     The ANOVA table (Appendix 3) shows the regression and residual sums of 

squares that are highly unequal (297101.887 and 22898.113, respectively). This 

indicates that more than half of the variation in TDS is explained by the model. 

The significance value of the F statistics which is less than 0.01 (Sig. f = 0.002) 

indicates that the variation explained by the model is due to chance. 

         The coefficient’s table (Appendix 3) states that the expected TDS =36.679 

nitrate concentration 285.963 = 322.642 – 36.679 of turbidity concentration. 

          The test of normality of the error term (Fig. 4.14) reveals a 

regression standardized residual plot that is slightly skewed to the right. 
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CHAPTER FIVE 

5.0.                                   DISCUSSION 

   5.1.            Discussion 

There were narrow variations in the concentrations of the 

physiochemical parameters characteristics of groundwater sources in the 

aquifers of the region of the study area increasing future inputs could portend 

heavy pollutions in the aquifers. In the Hand Dug Well (HDW) water samples 

analysed, with the exception of Calcium Carbonate (CaCO3), Total Suspended 

Solids (TSS) and Sodium (Na), the other parameters were equal or below the 

World Health Organization and European Union’s maximum permissible 

limits for drinking water. The World Health Organization (WHO, 1993) and 

European Union (EU 1998) has 30mg/l, 50mg/l and 200mg/l respectively as the 

permissible limits for drinking water. Hence, the results obtained from this 

research exceeded the WHO and EU drinking water standards for ABPs.  

The possibility of seepage and subsequent contamination of the 

groundwater aquifer by surface pollutants have been severally identified by 

other authors, (Narayanan 2007; Kaufmann and Claveland 2008). Depth is an 

important factor in well contamination. The deeper the well lowers the 

chances of contaminations, all other things being equal. Water containing 
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contaminants may not move deep enough to reach deeper groundwater 

aquifers. Also, as contaminated water moves deeper, time and the amount of 

soil passed through increase. This in turn increases opportunities for 

contaminants to be broken down by physical and chemical processes, taken up 

by micro-organisms and plants or bound to soil particles. Distance to the 

source of contamination is also important, the closer the sources, the greater 

the chances of the contaminations. This is in part due to the decreased time 

and amount of soil the contaminated water will move through. Also, well 

contamination is often caused by contaminated water moving down the 

outside or inside of the well casing, Patterson et al. (2002). 

Total solids are dissolved solids plus suspended and settleable solids in 

water. In stream water, dissolved solids consist of calcium, chlorides, nitrate, 

phosphorus, iron, sulfur, and other ions particles that will pass through a filter 

with pores of around 2 microns (0.002 cm) in size, U.S. EPA (2002). 

Suspended solids include silt and clay particles, plankton, algae, fine organic 

debris, and other particulate matter. These are particles that will not pass 

through a 2-micron filter. The concentration of total dissolved solids affects 

the water balance in the cells of aquatic organisms. An organism placed in 

water with a very low level of solids, such as distilled water, will swell up 

because water will tend to move into its cells, which have a higher 
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concentration of solids. An organism placed in water with a high 

concentration of solids will shrink somewhat because the water in its cells will 

tend to move out. This will in turn affect the organism's ability to maintain the 

proper cell density, making it difficult to keep its position in the water 

column. It might float up or sink down to a depth to which it is not adapted, 

and it might not survive. A high concentration of total solids will make 

drinking water unpalatable and might have an adverse effect on people who 

are not used to drinking such water. Levels of total solids that are too high or 

too low can also reduce the efficiency of wastewater treatment plants, as well 

as the operation of industrial processes that use raw water. Total dissolved 

solids (TDS) are determined by filtering a water sample and measuring the 

residue upon evaporation of the filtrate. Sulfate, carbonate and sodium are the 

main constituents of TDS in the study area waters, U.S. EPA (2002).  

According to Soltanpour et al (1999), Nitrates and nitrites are nitrogen-

oxygen chemical units which combine with various organic and inorganic 

compounds. The greatest use of nitrates is as a fertilizer. The formation of 

nitrates is an integral part of the nitrogen cycle in our environment. In 

moderate amounts, nitrate is a harmless constituent of food and water. Plants 

use nitrates from the soil to satisfy nutrient requirements and may accumulate 

nitrate in their leaves and stems. Due to its high mobility, nitrate also can leach 
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into groundwater. If people or animals drink water high in nitrate, it may cause 

methemoglobinemia, an illness found especially in infants. 

Nitrite is absorbed in the blood, and hemoglobin (the oxygen-carrying 

component of blood) is converted to methemoglobin. Methemoglobin does not 

carry oxygen efficiently. This results in a reduced oxygen supply to vital 

tissues such as the brain. Methemoglobin in infant blood cannot change back to 

hemoglobin, which normally occurs in adults. Severe methemoglobinemia can 

result in brain damage and death. 

Pregnant women, adults with reduced stomach acidity, and people 

deficient in the enzyme that changes methemoglobin back to normal 

hemoglobin are all susceptible to nitrite-induced methemoglobinemia. The 

most obvious symptom of methemoglobinemia is a bluish color of the skin, 

particularly around the eyes and mouth. Other symptoms include headache, 

dizziness, weakness or difficulty in breathing. Take babies with the above 

symptoms to the hospital emergency room immediately, Braul (2001). If 

recognized in time, methemoglobinemia is treated easily with an injection of 

methylene blue. Prolonged intakes of high levels of nitrate are linked to gastric 

problems due to the formations of nitrosamines. N-nitrosamine compounds 

have been shown to cause cancer in test animals. Studies of people exposed to 
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high levels of nitrate or nitrite have not provided convincing evidence of an 

increased risk of cancer. 

Nitrates form when microorganisms break down fertilizers, decaying 

plants, manures or other organic residues. Usually plants take up these nitrates, 

but sometimes rain or irrigation water can leach them into groundwater. 

Although nitrate occurs naturally in some groundwater, in most cases higher 

levels are thought to result from human activities. Once taken into the body, 

nitrates are converted to nitrites. Infants below six months who drink water 

containing nitrate in excess of the maximum contaminant level (MCL) could 

become seriously ill and, if untreated, may die. Symptoms include shortness of 

breath and blue baby syndrome. The current U.S. EPA (2002) maximum 

contaminant level (MCL), is 10 mg/L or 10 ppm.  EPA has set this level of 

protection based on the best available science to prevent potential health 

problems. The Safe Drinking Water Act requires EPA to periodically review 

the national primary drinking water regulation for each contaminant and revise 

the regulation, if appropriate. EPA reviewed nitrate as part of the Six Year 

Review and determined that the 10 mg/L or 10 ppm MCLG and 10 mg/L or 10 

ppm MCL for nitrate are still protective of human health. The major sources of 

nitrates in drinking water are runoff from fertilizer use; leaking from septic 

tanks, sewage; and erosion of natural deposits. 
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Methemoglobinemia has not been reported where water contains less 

than 10 mg/l of NO3-N. This level has been adopted by the U.S. Environmental 

Protection Agency as the standard in the Primary Drinking Water Regulations, 

chiefly to protect young infants, Self (1998). 

Turbidity is a measure of the cloudiness of water- the cloudier the water, 

the greater the turbidity. Turbidity in water is caused by suspended matter such 

as clay, silt, and organic matter and by plankton and other microscopic 

organisms that interfere with the passage of light through the water (American 

Public Health Association, 1998). Turbidity is closely related to total 

suspended solids (TSS), but also includes plankton and other organisms.  

Turbidity itself is not a major health concern, but high turbidity can 

interfere with disinfection and provide a medium for microbial growth. It also 

may indicate the presence of microbes (U.S. EPA Office of Water, Current 

Drinking Water Standards2002). The U.S. Environmental Protection Agency’s 

(EPA) “Surface Water Treatment Rule” requires systems using surface water 

(or ground water under the direct influence of surface water) to (1) disinfect 

their water, and (2) filter their water or meet criteria for avoiding filtration so 

that at no time can turbidity go above 5 nephelometric turbidity units (NTUs). 

Systems that filter must ensure that the turbidity go no higher than 1 NTU (0.5 
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NTU for conventional or direct filtration) in at least 95% of the daily samples 

in any month U.S. EPA (2002).  

Secondary Water Quality Standards the USEPA has established the 

National Secondary Drinking Water Regulations (NSDWRs or secondary 

standards). These secondary standards are non-enforceable guidelines 

regulating contaminants that may cause cosmetic effects (such as skin or tooth 

discoloration) or aesthetic effects (such as taste, odor, or color) in drinking 

water. U.S. EPA (1985) recommends secondary standards to water systems but 

does not require systems to comply. 

 It is used to indicate water quality and filtration effectiveness (such as 

whether disease-causing organisms are present). Higher turbidity levels are 

often associated with higher levels of disease-causing microorganisms such as 

viruses, parasites and some bacteria. These organisms can cause symptoms 

such as nausea, cramps, diarrhea, and associated headaches. 

According to Loneragan et al. (2001) Sulfate is a substance that occurs 

naturally in drinking water at various concentrations. Health concerns 

regarding high sulfate concentrations in drinking water have been raised 

because of reports that link it with an increased occurrence of diarrhea. Groups 

at potential risk within the general population from the laxative effects of 

sulfate are those that encounter an abrupt change from drinking water with low 
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sulfate concentrations to drinking water with high sulfate concentrations. 

Sulfate in drinking water currently has a secondary maximum contaminant 

level (SMCL) of 250 milligrams per liter (mg/L), based on aesthetic effects 

(i.e., taste and odor). 

Sulfate is a necessary nutrient for plants, and therefore, for the stream 

community as a whole. However, it is not known to be limiting to the normal 

expression of aquatic life in aquatic ecosystems. It may also be a necessary 

nutrient for animals, e.g., in formation of chondroitin sulphate. Sulfate is a 

conventional pollutant; the method of toxicity exerted by sulfates is probably 

the sudden change of ionic concentration, i.e., the relative saltiness of the 

water, rather than other types of interference with organism metabolism 

Patterson et al. (2004). If an organism can withstand the osmotic shock 

initially, it will probably continue to survive and function at a given sulfate 

level indefinitely. Sulfate is not a toxicant in the category of heavy metals, 

pesticides or other toxic natural or man-made substances, but rather is a 

common salt necessary for life at some concentration, Braul and Kirychuk 

(2001).  

This buttresses the fact that their presence in the hand dug wells of the 

study areas could be finger printed to contaminations from the abandoned 
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quarry pits in the study areas. Like food, drinking water is considered to be 

only a minor source of the exposure.  

Undoubtedly, this result creates a great cause for public health concerns; 

especially as high consumption of sodium can have many negative effects, 

such as increased blood pressure and heart complication. Excessive sodium in 

the diet has many serious, dangerous side effects especially when the kidneys 

which naturally balance sodium levels cannot excrete sufficient sodium; it 

begins to aggregate in the blood as well as fluid build-up in people with 

congestive heart failure, cirrhosis or kidney disease, World Health 

Organisation  (2004) and Agency for Toxic Substances and Diseases Registry  

(ATSDR1995).  

Calcium carbonate depending on an individual may cause heartburn, 

constipation or gas and excessive intake of Calcium over time raises risk of 

kidney stones, United State Pharmacopeia (2011). According to the National 

Institutes of Health Osteoporosis and Related Bone Diseases states that lack of 

calcium leads to Osteoporosis, unhealthy bones and improper functioning of 

central nervous system, blood vessels, heart and muscles.  

High Total Suspended Solids in water body can often mean higher 

concentrations of bacteria, and metals in the water. As plants and animals 
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decay, suspended organic particles are released and can contribute to the TSS 

concentration, (Figure 5). These pollutants have negative health implications, 

Federal Interagency Stream Restoration Working Group (1998).  

They are not only ingested by drinking contaminated waters, but can 

also be absorbed through wet skin, inhaled as it volatilizes during showering, 

laundering, or cooking and are further consumed when this water is used to 

prepare foods. This thus increases the risk of elevated concentrations in tissues 

of man and other animals. Inevitably man could suffer the greatest risk of 

bioaccumulation due to his position in the trophic chain; being  a tertiary 

consumer in addition to his predisposition to other routes of entry into his 

body. Worse still, carcinogenicity is transgenic, as oncogens (cancer prone 

genes) could be inherited by filial generations Evans (1977); Cerna (1996).  

          The observed significant spatial variations in concentration of the 

physiochemical variables measured indicated that the wells sampled had 

different levels of occurrences and concentrations. The HDW, which had the 

highest concentration, is located very close to the abandoned quarry pits. Thus 

the concentration can therefore, be attributed to its proximity to the depth of 

HDW, and the polluted and highly contaminated abandoned quarry pits. 
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5.2.            CONCLUSION AND RECOMMENDATION 

5.2.1.   Conclusion 

The aim of this study is to determine the influence of the polluted 

stagnant water in the abandoned quarry pits and the levels of the pollutants in 

the well (groundwater sources of the area). According to UNEP (2006), water 

quality is influenced by many factors. It is dynamic in nature and cannot be 

defined or measured only by one parameter. It is variable in both time and 

space and requires routine monitoring to detect spatial patterns and changes 

overtime. Quarry Company can exploit quarries as long as the rock or the 

economic deposit remains intact. Eventually, they go out of production and 

become abandoned. Quarries that are no longer in operation pose dangers to 

man and all animals in the vicinity, and other nearby communities during their 

production and operation processes. Many quarries naturally fill with water 

after abandonment and become lakes. Others are made into dump sites and this 

happens very frequently resulting to untreated wastewater pollutes the 

underground aquifers. 
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5.2.2.     Recommendation 

It is difficult to reach operators of most abandoned quarry pits in the 

lower Benue Trough after they left the site .Absence or lack of enforcement of 

relevant mining laws has led to quarry operators abandoning quarry pits 

without giving concern to environmental safety. Abandoned isolated pits are 

now within close proximity to residential areas due to increasing population 

and development. 

Therefore, the quarry operators must reclaim the pits before departing or 

provide for the reclamation. Where government agency issuing quarry license 

fail to enforce this; land owners or the host community must not fail. As a 

matter of urgency, the company should act to contain the expanding 

groundwater plume and further remediate contaminated aquifers. According to 

EPA (2011) water supplier system must continue to monitor the parameter 

levels.  If contaminant levels are found to be consistently above the MCL, 

government must take necessary steps to reduce the amount so that it is 

consistently below that level. 

The following treatment methods have been approved by U. S. EPA, 

WHO and EU will be controlled by Effluent Limitation Regulations, Basic 

Standards and Best Management Practice (BMPs). 
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There is however the need for further research into the presence and 

levels of heavy metals in wells impacted by mining activities, aquatic and 

macrobenthal organisms, plankton assemblages, as well as microbial biotypes 

of the area. 
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APPENDIXES 
 

Appendix 1Regression models between TSS and Sulfate 
 

 
 
 
 
 
 

 
 

ANOVAa 
Model Sum of 

Squares 
df Mean 

Square 
F Sig. 

1 
Regression 9011.255 1 9011.255 31.653 .005b 
Residual 1138.745 4 284.686   
Total 10150.000 5    

a. Dependent Variable: Sulfate 
b. Predictors: (Constant), TSS 

 
 

Coefficientsa 
Model Unstandardized 

Coefficients 
Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 
(Constant) 129.373 16.706  7.744 .001 
TSS .163 .029 .942 5.626 .005 

a. Dependent Variable: Sulfate 

 
 

 

 

 

 

Model Summaryb 
Model R R2 Adjusted 

R2 
Std. Error 
of the 
Estimate 

Change Statistics 
R2 
Change 

F 
Change 

df1 df2 Sig. F 
Change 

1 .942a .888 .860 16.87265 .888 31.653 1 4 .005 
a. Predictors: (Constant), TSS 
b. Dependent Variable: Sulfate 



87 
 

Appendix 2Regression models between Nitrate and Turbidity 
Model Summaryb 

Model R R2 Adjusted 
R2 

Std. Error of 
the Estimate 

Change Statistics 
R2 

Change 
F 

Change 
df1 df2 Sig. F 

Change 
1 .930a .864 .830 2.73861 .864 25.444 1 4 .007 
a. Predictors: (Constant), Nitrate 
b. Dependent Variable: Turbidity 

 
 

ANOVAa 
Model Sum of 

Squares 
df Mean 

Square 
F Sig. 

1 
Regression 190.833 1 190.833 25.444 .007b 
Residual 30.000 4 7.500   
Total 220.833 5    

a. Dependent Variable: Turbidity 
b. Predictors: (Constant), Nitrate 

 
 

Coefficientsa 
Model Unstandardized 

Coefficients 
Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 
(Constant) -3.000 2.962  -1.013 .368 
Nitrate 1.000 .198 .930 5.044 .007 

a. Dependent Variable: Turbidity 
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Appendix 3Regression models between Turbidity and TDS 
Model Summaryb 

Model R R2 Adjusted 
R2 

Std. Error of 
the Estimate 

Change Statistics 
R2 

Change 
F 

Change 
df1 df2 Sig. F 

Change 
1 .964a .928 .911 75.66061 .928 51.900 1 4 .002 
a. Predictors: (Constant), Turbidity 
b. Dependent Variable: TDS 

 
 

ANOVAa 
Model Sum of 

Squares 
df Mean Square F Sig. 

1 
Regression 297101.887 1 297101.887 51.900 .002b 
Residual 22898.113 4 5724.528   
Total 320000.000 5    

a. Dependent Variable: TDS 
b. Predictors: (Constant), Turbidity 

 
 

Coefficientsa 
Model Unstandardized 

Coefficients 
Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 
(Constant) 322.642 63.217  5.104 .007 
Turbidity 36.679 5.091 .964 7.204 .002 

a. Dependent Variable: TDS 
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Appendix 4: Descriptive statistics of the physiochemical   parameters of abandoned 
mining ponds and groundwater samples in the study area (Lekwesi 

and Lokpaukwu Abia State) 

Variable        Mean    SE Mean   St Dev  Variance  Minimum  Maximum  Range 

pH          7.200        0.225       0.551     0.304        6.800          8.000          1.200 

     Conductivity 183.7        69.1         169.4     28680.7    50.0             500.0          450.0 

TDS                720          103          253         64000      500              1020           520 

CaCO3           355.0       92.2         225.7       50950.0   30.0             500.0          470.0 

TSS                525          106          260           67750     50                800             750 

Salinity         10.00         1.83         4.47         20.00       5.00            15.00          10.00 

Turbidity      10.83        2.71          6.65         44.17       5.00           20.00          15.00 

Nitrate          13.83         2.52          6.18         38.17       8.00           25.00          17.00 

Sulphate       215.0         18.4          45.1         2030.0     150.0         280.0           130.0 

Sodium        255.8          15.5          38.0        1444.2      205.0        300.0           95.0 

Temp           29.067        0.0667      0.163      0.0267       29.000     29.400         0.400 
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Appendix 5: Table 4.2 Correlation matrix (r) between the physiochemical parameters 
 
pH     Conduct TDS    CaCO3   TSS    Salinity Turbidity Nitrate  Sulphate Sodium   
Conduct       -0.232 
 
TDS            0.281     0.526 
 
CaCO3       -0.967    0.290     -0.058 
 
TSS           -0.153    0.456     0.768    0.386               
 
Salinity       0.892    0.135    0.460     -0.862    -0.129 
 
Turbidity    0.327    0.640    0.964**   -0.123    0.766     0.505  
 
Nitrate        0.458     0.422    0.862    -0.247    0.787     0.471      0.930** 

 
Sulphate       0.161   0.318    0.874    0.089     0.942**   0.149       0.852        0.902 
 
Sodium        -0.239   0.742   0.826    0.425     0.796     0.029        0.789         0.601       0.727 
 
Temp          -0.355   0.915   0.155    0.315      0.141     0.000        0.307         0.093       -0.054      0.440 
 
** Correlation is significant at P<0.01 level (2 tailed). 
 
Temp = temperature, TDS= Total Dissolve Solid, TSS= Total Suspended   Solids, 
 CaCO3= Calcium Carbonate, Conduct = Conductivity. 
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Appendix: 6 Concentrations of the physiochemical parameters in the 
abandoned quarry ponds and wells sampled 

    Concentrations 
Parameters           ABP1  ABP 2  ABP 3  ABP 4  HDW  BH  WHO/EU 
pH   6.8 8     7       6.8         6.8 7.8 6.5-8.5 
Conductivity (µS/cm 100 202     200       500        50 50 250 

TDS (mg/L)   500 1020    1000    800        500 500 500 

CaCO3 (mg/L)  500 1000      500     500       500 30 30 

TSS (mg/L)   500 800      700    600         500 50 50 

Salinity (%0)  5 15        10     10            5 15 5 

Turbidity (NTU)  5 20        15      15 5 5 5 

Nitrate (mg/L)  10 25        15      15 10 8 50 

Sulfate (mg/L)            200 280        250    210   200 150  500 

Sodium (mg/L)             250    270        300     290   220    205   200 

Temperature (0C)             29   29         29       29.4    29    29  29 
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