Journal of Water Resource and Protection, 2011, 3, 925-929
d0i:10.4236/jwarp.2011.312103 Published Online December 2011 (http://www.SciRP.org/journal/jwarp)

o5 Scientific
(> J
+* Research

Hydrochemical Evaluation of Groundwater Quality in
Michael Okpara University of Agriculture, Umudike and
Its Environs, Southeastern Nigeria

Magnus U. Igboekwe, Akaninyene O. Akankpo, Ifiok E. Udoinyang
Department of Physics, Michael Okpara University of Agriculture, Umudike, Nigeria
E-mail: akankpo@yahoo.com
Received September 24, 2011; revised October 26, 2011; accepted November 27, 2011

Abstract

This article presents results of groundwater quality assessment based on some pollution indicators (pH, con-
ductivity, total dissolved solids, total suspended solids and turbidity) carried out in Michael Okpara Univer-
sity of Agriculture, Umudike, Abia State, Nigeria. Twelve functional boreholes within the university campus
and its environs were sampled and analyzed using the standard laboratory techniques. The results showed
that the groundwater in the area was acidic with an average pH value of 5.47, which falls below the World
Health Organization (WHO) standard for drinking water. The results also showed high turbidity values
ranging from 86.10 to 90. 17 NTU which exceeds the WHO standard. The waters have moderate to high val-
ues of total dissolved solids, TDS (100.00 to 900.00 mg/L), total suspended solids, TSS (100.00 to 1200.00
mg/L) and conductivity (66.67 to 600.03 ps/cm). Recommendations include periodic groundwater monitor-

ing and treatment.
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1. Introduction

Water is no doubt one of the most essential needs of hu-
man beings, for drinking and other domestic purposes. It is
a landscape element and a chemically active mobile sub-
stance, always on continuous move through the surface
and subsurface [1]. Groundwater constitutes over 90% of
the world’s readily available freshwater resources with
remaining 10% in lakes, reservoirs, rivers and wetlands
[2,3]. Freshwater quality and availability remains one of
the most critical environmental and sustainable issues of
the 21% century [4].

Groundwater is never really chemically pure as water
invariably dissolves some of the minerals it comes in
contact with, at any given time [5]. These dissolved min-
erals are contained in the groundwater which influences
its hydrogeochemistry and ultimate quality [6]. Poor ma-
nagement of solid waste materials has resulted to a lot of
disastrous effects such as aesthetics, environmental haz-
ards and pollution. Groundwater pollution may also occur

due to the contamination potential of leachate from waste.

Various methods by which waste can be disposed are open
dumps, sanitary landfill, inceineration on-site disposal,
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animal feeding composting [1].

Meteorological events and pollution are a few of the
external factors, which affect physico-chemical parame-
ters 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 [6,7].

This study is aimed at determining the groundwater
quality in Michael Okpara University of Agriculture, Um-
udike and its environs using some pollution indicators.
Twelve functional boreholes samples located in Michael
Okpara University of Agriculture, Umudike and its en-
virons were assessed for quality checks by physicoche-
mical analysis of the samples in the laboratory. The ph-
ysicochemical parameters used were conductivity (CN),
turbidity, total dissolved solids (TDS), total suspended
solids (TSS) and pH. The values of the phsicochemical
parameters were correlated with the World Health Or-
ganization(WHO) values [6,8].
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2. Geology and Hydrogeology of the Study
Area

Michael Okpara University of Agriculture, Umudike
(MOUAU) is located in lkwuano Local Government
Area of Abia State, Southeastern Nigeria. It is located
within the deltaic marine sediments of Cretaceous to re-
cent age, between latitude 5°28'N and 5°30'N and between
longitude 7°31'E and 7°33'E and an elevation range of 60
to 180 m above mean sea level (Figure 1).

The Geology of the area is the deltaic marine sediment
of Cretaceous to Recent age. There are two principal
Formations in the area namely: the Bende-Ameki and the
coastal plain sands otherwise known as the Benin For-
mation. The Bende-Amaki Formation of Eocene to Oli-
gocene age consists of medium to coarse-grained white
sandstone, which may contain pebbles, gray-green sand-
stone, bluish calcareous silt, with mottled clays and thin
limestone. Considerable lateral variation in lithology has
also been observed. The lower part of the Formation con-
sists of fine-coarse-grained lenses of sandstone with ab-
undant calcarceous shales and thin shelly limestone. The
Bende-Ameki Formation overlies the impervious Imo
shale group of Paleocene age, which is characterized by
lateral and vertical variations in lithology. The coastal
plain sand otherwise known as the Benin Formation
overlies the Bende-Ameki Formation and dips south-
westward. The Formation sediments were deposited dur-
ing the late Tertiary-early Quaternary period. The For-
mation is shallow and has an expected thickness of about
200 m [9]. The lithology consists of unconsolidated lo-

osely medium to coarse-grained cross-bedded sands oc-
casionally pebbly with localized clays and shales. Umu-
dike soil is acidic with average pH range of 4.5 - 5.7.

The two principal geological formations: the Bende-
Ameki and the coastal plain sands otherwise known as
the Benin Formation have comparative groundwater re-
gime. They both have reliable groundwater that can sus-
tain regional borehole production. The Bende-Ameki For-
mation has little groundwater when compared to the Be-
nin Formation. The high permeability of the Benin For-
mation, the lateritic overburden earth and the weathered
top of this formation as well as the underlying clay-shale
member of the Bende-Ameki series provide the hydrolo-
gic conditions favouring aquifer formation in the area.
The study area has aquifer thickness of about 88.00 m,
hydraulic conductivity of about 8.00 m/day and a trans-
missivity of about 704.00 m%/day [9].

3. Methodology

Twelve groundwater samples were collected from wells
located within Michael Okpara University of Agriculture,
Umudike and its environs. The samples were stored in a
sterilized 250 ml bottles and transferred to the laboratory
for analyses. The conductivity, total suspended solids
and total dissolved solids were determined using a HA-
CH 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 spec-
trophotometer. The results are presented in a tabular
form (Table 1).
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Figure 1. Map of the study area showing sampling locations.
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Table 1. Physicochemical results from the study area compared with WHO limits.

Test Parameters

Well No Locations
Conductivity Total dissolved solids Total suspended solids Turbidity

pH (us/cm) (mg/L) (mg/L) (NTU)
1 PG hostel 471 100.00 150.00 350.00 91.80
2 Chapel of revelation 5.09 66.67 100.00 200.00 89.20
3 Eng. block 6.90 233.30 350.00 250.00 90.50
4 Staff school 6.27 300.00 450.00 350.00 86.10
5 Male hostel 481 400.00 600.00 200.00 89.60
6 Admin block 5.27 400.00 600.00 300.00 92.60
7 VC’s lodge 6.94 600.00 900.00 100.00 88.50
8 Zenith Bank (NRCRI) 4.96 333.33 500.00 700.00 91.40
9 Opposite gate 6 (MOUAU) 4.98 266.68 400.00 400.00 91.80
10 MPP6 Umudike 5.04 200.01 800.00 800.00 92.00
11 CNAS 5.49 600.03 1200.00 1200.00 88.70
12 All Saints’Chapel (NRCRI) 5.22 533.36 300.00 300.00 89.80

WHO 6.50 - 8.50 500.00 500.00 500.00 5.00

4. Results and Discussion
4.1. pH, Conductivity and Turbidity

The pH values in the area varied from 4.71 at location 1
to 6.94 at location 7 which reveals acidic groundwater
(Table 1). The mean value of pH for the entire area is
5.47. The pH values at locations 3 and 7 fall within the
WHO standard. The mean pH value of 5.47 does not fall
within the WHO limit (Table 2). Figure 2 is a two di-
mensional line chart of pH variations for the area.

Table 2. Summary of parameter concentrations.

Minimum Maximum Mean
Parameter (location)  (location) (entire area) WHO
pH 471(1)  6.94(7) 5.47 6.50-8.50
Conductivity g6 67 5y 600.03(11) 33612  500.00
(us/cm)
Total dissolved
solids (mg/L) 100.00 (2) 1200.00 (11)  504.00 500.00
Total suspended
solids (mg/L) 100.00 (7) 1200.00 (11) 429.00 500.00
Turbidity
(NTU) 86.10 (4)  92.60 (6) 90.17 5.00
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According to Zamxaka [7], 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 po-
pulation growth [7]. The acidity of the area may have re-
sulted from landfill gases arising from the decomposition
of waste materials from agricultural activities into the
subsurface. According to Nwankwo and Ighoekwe [6],
the low pH (high acidity values) could also be as a result
of the amount of dissolved carbondioxides and biocar-
bonates 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 [10].

The conductivity values in the area ranges from 66.67
ps/cm to 600.03 ps/cm at locations 2 and 11 respectively
(Table 1). The mean value of conductivity for the area is
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Figure 2: A two dimensional (2-D) line chart of pH varia-
tion.
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336.12 ps/cm (Table 2). Locations 7, 11 and 12 have
conductivity values higher than the WHO limit of 500.00
ps/cm. The mean value for the area is however lower
than the WHO limit (see Figure 3). Conductivity of the
water can be related to the total dissolved solids concen-
tration, but the relationship may not be a constant [11].

The turbidity values ranged from 86.10 NTU to 92.60
NTU with a mean value of 90.17 NTU. The turbidity va-
lues recorded for all the samples were above the WHO
acceptable limit of 5.00 NTU (see Figure 4). High tur-
bidity values correspond to rainy season [7]. 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 [12].

4.2. Total Dissolved Solids and Total Suspended
Solids

Total dissolved solids (TDS) values ranged from 100.00
to 1200.00 mg/L for the area. The average value of TDS
for the area is 504.00 mg/L, which is fairly above the
WHO limit of 500.00 mg/L. TDS values at locations 1, 2,
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Figure 3. A two dimensional (2-D) line chart of conductivity
variation.
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Figure 4. A two dimensional (2-D) line chart of turbidity va-
riation.
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3, 4, 9 and10 falls below the WHO standard, while TDS
values at locations 5, 6, 7, 11 and 12 fall above the WHO
standard. Location 8 has TDS value exactly that of the
WHO limit (see Figure 5). Dissolved solids comprise of
inorganic salts and some small amounts of organic that
are dissolved in water. TDS originates from natural sour-
ce, sewage, urban-runoff, industrial wastewater, and the
nature of the piping or hardware used to convey the wa-
ter [11]. TDS test provides a qualitative measure of the
amount of dissolved ions in water, and cab be used as an
indicator test to determine the general quality of water.

Values of total suspended solids (TSS) ranged from
100.00 to 1200.00 mg/L for the area. The area has a mean
TSS value of 429.99 mg/L, slightly below the WHO stan-
dard of 500.00 mg/L. TSS values at locations 1, 2, 3, 4, 5,
6, 7, 9 and 12 fall below the WHO limit, while TSS val-
ues at locations 8, 10 and 11 are above the WHO rec-
ommended limit. Generally therefore, Umudike has low
TSS (see Figure 6).

5. Conclusions

Hydrochemical assessment of groundwater quality in
Michael Okpara University of agriculture and its environs
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Figure 5. A two dimensional (2-D) line chart of total dis-
solved solids variation.

1400

1200
/\

800

A
600
400 / \/

v \
200 AAAH

0

S

=]
\\
"1 =]

Total suspended solids
conccentration

1 2 3 4 5 6 7 8 9 10 11 12

Sampling location

Figure 6. A two dimensional (2-D) line chart of total sus-
pended solids variation.
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was carried out based on some pollution indicators. The
water quality parameters of concern were pH and turbid-
ity because they had marked departure from WHO stan-
dard. The groundwater in the area is acidic and of high
turbidity values. This is connected with the low pH range
of the soil in the area, which has great influence on the
groundwater quality. The low pH values of the bore-
holes 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 con-
taining the groundwater. The waters have moderate to
high values of total dissolved solids (100.00 to 1200.00
mg/L), total suspended solids (100.00 to 1200.00 mg/L)
and conductivity (66.67 to 600.03 ps/cm). Recommenda-
tions include periodic groundwater monitoring and treat-
ment.
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