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Abstract

Groundwater monitoring of Michael Okpara University of Agriculture Umudike in Abia State, Southeastern
Nigeria is presented in this paper with the aim of determining the physical and chemical characteristics of
borehole water in the place, and comparing its quality with that of the World Health Organization (WHO). The
local geology of the study area, Benin Formation, is of Cretaceous to Recent age. The area is located between
latitude 5°28" and 5°30’ N, and longitude 7°31’ and 7°33' E. Eight boreholes were sampled and analyzed using the
standard laboratory techniques. The pH value, conductivity, turbidity, total dissolved solids (TDS), acidity and
alkalinity of the boreholes were obtained. Turbidity ranged from 86.80 to 92.60 NTU. The results showed that
the groundwater in the area was acidic with an average pH value of 5.53, which falls below the World Health
Organization (WHO) standard for drinking water (of range 6.50-8.50). The borehole water also has low to
moderate conductivities (100.00 to 600.00 mg/L). There is need for periodic treatment and monitoring of
groundwater in the area.
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1. Introduction

One of the prerequisites of everyday activity and any sustainable development programme is the presence of
adequate supply of quality water for human consumption. Groundwater constitutes over 90% of the world’s
readily available freshwater resources with remaining 10% in lakes, reservoirs, rivers and wetlands (Baswinkel,
2000; Asonye et al., 2007). Freshwater quality and availability remains one of the most critical environmental
and sustainable issues of the 21* century (UNEP, 2002).

Water is a landscape element and a chemically active mobile substance; it is always on continuous move through
the surface and subsurface. Frequent handling of polluting substances on the ground surface involve
interventions with water quality, in view of the fact that water is an excellent solvent, chemically active and
always on the move according to the laws controlling the hydrodynamics of the water cycle. Once caught by the
moving groundwater, pollutants therefore tend to move along with the groundwater, unless chemical reactions
along the ground pathways influence the mobility of the pollutant (Akankpo & Igboekwe, 2011).

Poor management of solid waste materials has resulted to a lot of disastrous effects such as aesthetics,
environmental hazards and pollution. Groundwater pollution may also occur due to the contamination potential
of leachate from waste (Makey, 1982). Various methods by which solid waste can be disposed are open dumps,
sanitary landfill, incineration, on-site disposal, swine feeding and compositing.

Meteorological events and pollution are a few of the external factors, which affect physico-chemical parameters
such as pH and turbidity of the water. They have a major influence on biochemical reactions that occur within
the water. Sudden changes of these parameters may be indicative of changing conditions in the water. Internal
factors, on the other hand, include events which occur between and within bacterial and plankton population in
the water body (Nwankwo & Igboekwe, 2011; Zamxaka et al., 2004).

Surface or groundwater is never really chemically pure as water invariably dissolves some of the minerals it
comes in contact with, at any given time (Etu-efeotor, 1998). These dissolved minerals are contained in the
groundwater which influences its hydrogeochemistry and ultimate quality. This study is aimed at determining
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how the dissolved minerals affect the quality of the analyzed water samples in Michael Okpara University of
Agriculture, Umudike, Southeastern Nigeria.

Eight water borehole samples located in Michael Okpara University of Agriculture, Umudike, were assessed for
quality checks by physico-chemical analysis of the samples in the laboratory. The values of the physico-
chemical parameters like pH, conductivity, turbidity, acidity, alkalinity and total dissolved solids (TDS) were
correlated with the World Health Organization (WHO) values (WHO, 2007).

2. Location, Geology and Hydrogeology of the Study Area

Michael Okpara University of Agriculture Umudike is situated within Ikwuano Local Government Area, Abia
State, Southeastern Nigeria. The University is located between latitude 5°28" and 5°30’ N and between longitude
7°31" and 7°33' E, and has an elevation range of 60 to 180 m above mean sea level (Figure 1).

The geology of the area falls within the Deltaic marine sediments of Cretaceous to Recent age. There are two
principal geological formations in the area namely: Ameki Formation and the Coastal Plain Sands, otherwise
known as the Benin Formation (Igboekwe et al., 2008). The predominant, however, is the Benin Formation,
whose sediments were deposited during the late Tertiary-Early Quaternary period. The formation overlies the
Ameki Formation uncomformably and dips southwestwards. The formation is shallow and has an expected
thickness of about 200m. The lithology consists of unconsolidated loosely fine-medium-coarse grained cross-
bedded sands occasionally pebbly with localized clays and shale.

The two principal geological formations have reliable groundwater that can sustain regional borehole production.
However, the Bende-Ameki Formation has little groundwater when compared to the Benin Formation. The high
permeability of the Benin Formation, the overlying lateritic earth, and the weathered top of this formation as well
as the underlying clay-shale member of the Bende-Ameki series provide the hydrologic conditions favoring
aquifer formation in the area.
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Figure 1. Map of the study area
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3. Methodology and Data Acquisition

Groundwater samples were carefully collected from eight existing boreholes in the study area. A Geographic
Positioning System (GPS) in which consecutive readings are automatically displayed was used to locate the
coordinates and the altitudes of the boreholes (Table 1). The samples were stored in a sterilized 250ml bottles
and transferred to the laboratory for analyses. The conductivity and total suspended solids were determined using
a HACH 44600-00 Conductivity/TDS meter at a temperature of 20°C. The pH was determined using a HACH
Sension-3 pH meter. The turbidity was determined using a spectrophotometer. The results are tabulated as shown
in Table 2.

Table 1. Location of boreholes

Borehole no Borehole location Latitude (°) Longitude (°) Altitude (m)
1 Poultry block 5°28.679°N 7°32.256’E 122.20
2 Admin block 5°28.726’N 7°32.608°E 131.40
3 Male hostel 5928.848°'N 7°32.525’E 126.80
4 Female hostel 5°28.903°N 7°32.532°E 129.50
5 Guest house 5°29.049°N 7°32.756’E 138.40
6 VC’s lodge 5°29.176’N 7°32.803’E 144.70
7 University staff school 5°29.128°'N 7°32.765’E 140.20
8 Post graduate hostel 5928.658°N 7°32.540’E 130.50

Table 2. Some physical and chemical properties of the boreholes

No Location pH Conductivity Turbidity Total dissolved Acidity  Alkalinity
(us/cm) (NTU) Solids (mg/l) (mg/l) (mg/l)

1 Poultry 520  500.00 87.60 500.00 1.01 23.40
block

2 Admin 5.27  400.00 92.60 600.00 1.12 15.60
block

3 Male 4.81  400.00 89.60 600.00 2.00 20.30
hostel

4 Female 492  450.00 90.60 800.00 1.82 21.20
hostel

5 Guest 6.10  250.00 89.50 400.00 1.52 36.00
house

6 VC’s lodge 6.94  600.00 88.50 900.00 0.74 18.90

7 Univ. staff 6.27  300.00 86.10 450.00 0.91 21.40
school

8 Post graduate 471  100.00 91.80 150.00 1.61 21.50
hostel
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Figure 4. A 3-dimensional cone showing turbidity concentration
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Figure 7. A 3-dimensional cone showing alkalinity concentration
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4. Results and Discussion

Table 1 shows the borehole no, coordinates (latitudes and longitudes) and elevations of the eight boreholes used
for this study. From Table 1, it can be seen that borehole no.1 is situated at the lowest altitude of the study area,
while borehole no.6 is situated at the highest point of the study area. Table 2 shows the results of the laboratory
analyses of the pollution indicators. Borehole no.6 has the highest pH value of 6.94, while borehole no. 8 has the
lowest pH value of 4.71, followed closely by borehole no. 3 (Figure 2). The results showed that the groundwater
in the area was acidic with an average pH value of 5.53, which falls below the World Health Organization
(WHO) standard for drinking water (of range 6.50-8.50). Therefore, borehole no. 6 appears to be the only one
that falls within the WHO standard.

According to Zamxaka et al. (2004), pH values ranging from 3.00 to 10.00 could favour both indicator and
pathogenic micro-organism growth. Physical parameters such as pH and temperature have a major influence on
bacteria population growth. The low pH values of the boreholes water may also be due to the agricultural
activities in the area. These solutions diffuse through the sandy permeable layers of the formation to form
weakly acidic solutions which are washed down into the aquifer containing the groundwater. The highest value
of conductivity (600.00 pus/cm) was recorded at borehole no. 6, while the lowest value of conductivity (100.00
us/cm) was recorded at borehole no. 8 (Figure 3). Conductivity of the water can be related to the total dissolved
solids concentration, but the relationship may not be a constant (White, 2005).

Borehole no. 2 has the highest turbidity value of 92.60 NTU, while borehole no.7 has the lowest turbidity value
of 86.10 NTU (Figure 4). The turbidity values recorded for all the samples were above the WHO acceptable
limit of 5.00 NTU. High turbidity values correspond to rainy season (Zamxaka et al., 2004). Turbidity is always
typically high during a heavy rain and a storm as a consequence of rapid erosion of surface soils into rivers and
groundwater. Water turbidity varies from 1.00 NTU in clear springs or deep groundwater, to 160 += 60 NTU in
mud-laden surface waters (DWAF, 1998). Borehole no.6 has the highest TDS value of 900.00 mg/l, while
borehole no.8 has the lowest TDS value of 150 mg/l (Figure 5). Dissolved solids comprise of inorganic salts and
some small amounts of organic that are dissolved in water. TDS test provides a qualitative measure of the
amount of dissolved ions in water, and can be used as an indicator test to determine the general quality of water.

Borehole no.3 has the highest acidity value of 2.00 mg/l, while borehole no. 6 has the lowest acidity value of
0.74 mg/l (Figure 6). The acidity of the area may have resulted from landfill gases arising from the
decomposition of waste materials from agricultural activities into the subsurface. According to Nwankwo and
Igboekwe (2011), the low pH (high acidity values) could also be as a result of the amount of dissolved
carbondioxides and biocarbonates present in the aquiferous rocks. The pH values of the groundwater samples
fall within the pH values of the soil, which ranges from 4.50 to 5.70 (Nuga & Akinmola, 2011). Borehole no. 5
has the highest alkalinity value of 36.00 mg/l, while borehole no. 2 has the lowest alkalinity value of 15.60 mg/1
(Figure 7).

Generally, the water samples are colourless, odourless and tasteless, showing that the geologic formation, viz,
Benin Formation upon which these boreholes are sitting present very good aquifer. However, erosion and
infiltration processes in the area lead to low pH (high acidity) and high turbidity values obtained in the study area.

5. Conclusion

The foregoing groundwater monitoring studies have been carried out at Michael Okpara University of
Agriculture Umudike with the sole aim of determining the water quality within the study area. The local geology
of the study area, Benin Formation, is of Cretaceous to Recent age. The locations and topographic elevations of
the boreholes have been accurately determined using the appropriate equipment. Some physical and chemical
properties of the water samples from these boreholes have equally been determined.

Results obtained show that the water quality parameters of concern were pH and turbidity because they had
marked departure from WHO standard. The groundwater in the area is acidic and of high turbidity values. The
results showed that the groundwater in the area was acidic with an average pH value of 5.53, which falls below
the World Health Organization (WHO) standard for drinking water (of range 6.50-8.50). Therefore, borehole no.
6 appears to be the only one that falls within the WHO standard. Groundwater monitoring and prior geophysical
study have therefore proved to be very suitable ways of determining groundwater quality of Michael Okpara
University of Agriculture, Umudike.
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