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Abstract
The need for appropriate management strategies to minimize adverse impacts of
anthropogenic activities on groundwater, especially, in areas of high groundwater
vulnerability necessitated this study. The potential of contaminants from septic tanks to
pollute the hand pump wells in the Hostels of Federal University of Technology, Owerri was
evaluated using field and analytical techniques. The data generated from field studies were
used as inputs into the LeGrand Model of groundwater vulnerability assessment. The model
results indicated that the potential for Hostel B well to be polluted from a nearby septic tank
is very improbable (13.4 points) and that for Hostel D is possible but not likely (11.0 points).
The results highlight the higher susceptibility of the Hostel D well. These status were tested
by conducting both bacteriological and physicochemical analyses of raw water samples from
wells. The result of the analyses revealed no Coliforms and potable physicochemical
properties. It was observed however, that iron (Fe2 +), whose concentration ranged between
0.23 - 0.35 ml/l is slightly above the recommended value for safe drinking water. The excess
iron in the water was not derived from the septic tanks nor the local geology but probably
from the Otamiri River water that recharges the groundwater system in the area. At
concentrations found in most natural waters and at concentrations below aesthetic objective,
iron is not considered a health risk. This revelation, however, suggests the need for periodic
groundwater monitoring to ascertain the pollution status of the groundwater system in and
around the Federal University of Technology, Owerri for its protection and sustainable
development.
Keywords - Groundwater, management, monitoring, pollution, vulnerability
1.0 Introduction
Background Study
Water is life and its quality has direct implication on the health of animals, human beings,
yield of crops and even the quality of some industrial products. Safe drinking water must
satisfy all the standards set either by the World Health Organization (W.H.O) and/or
individual national bodies that regulate the use of water resources. In recent years,
considerable interest has been focused on assessing the human health risk posed by
metals, metalloids, and trace elements in the environment. It has long been recognized that
large areas of the globe contain human populations characterized by elements exceeding
normal concentrations and even including chronic poisoning (Silenus and Frank, 2000;
Bunnell, et al., 2007; Finkelman, 2007). Many current examples of environmental health
138

Onyekuru et al., An Assessment of the …

problems are the result of long-term, low-level exposure to these pollutants. One notable
example is the widespread poisoning caused by high arsenic levels in well waters in
Bangladesh and West Bengal, India (Khan, 2015). During the past several decades, studies
in a number of other locations have demonstrated widespread occurrence of elements in
water at concentrations significantly higher than background levels. Elevated concentrations
of pollutants are not limited to certain water types or polluted areas; they appear in all types
of systems and in all geographic areas. It is clearly understood that the contaminants enter
the aquatic system from diverse sources, both point and non-point sources, which are easily
transported from a-biotic to biotic systems.
In Owerri area and the Federal University of Technology, Owerri (FUTO), in particular, the
main source of potable water is groundwater. A survey of water use in FUTO showed that
students preferred to drink water from the hand-pumped than the motorized boreholes,
because of the belief that the former are potable because water is pumped directly and did
not need to discharge from ‘contaminated’ overhead tanks.
The existing land-use practices in FUTO Community and the adjoining areas are residential,
agricultural, industrial, education etc., whose wastes are disposed in open dumps and septic
tanks. Other sources of wastes include leaks from petrol dumps, indiscriminate defecations
on bare grounds and effluents from hostels. These contaminant sources are expected to
have adverse effects on groundwater quality. More so, a groundwater vulnerability map of
Owerri area (Fig. 1) developed on the basis of several models and thematic maps showed
that the groundwater system in the south-western part of Owerri (including FUTO
Community) has high susceptibility to ground water pollution (Ibe et al., 20011; 2003). It was
therefore required that appropriate management programs be developed and implemented
to minimize the adverse impacts of man’s activities on groundwater quality, especially in
areas of high groundwater vulnerability (Onyekuru, 1998).
An essential aspect of this water management studies is periodic water quality monitoring to
assess the degree to which the quality of water in FUTO area has been degraded naturally,
or as a result of anthropogenic interventions. The susceptibility of the hand pump wells in the
hostel area of FUTO to be polluted from nearby septic tanks was therefore, undertaken to
ascertain their impacts on water quality, in order create awareness and reduce possible
hazards if any, to FUTO community. This study was therefore carefully designed to identify
the pollution potential of the groundwater resources in FUTO area irrespective of the
regional result presented in Fig. 1 and more importantly, monitor the groundwater chemistry
and other microbial loads for purposes of ascertaining the present risk status of FUTO
community from the preferred hand pump wells in the hostel areas.
2.0 Study Area
Location of Study
FUTO Community is described between Latitudes 5° 24' and 5° 30' N and Longitudes 6° 58'
and 7° 30' E (Fig. 2). Samples for the study were collected from the hand pump boreholes in
the hostels, while the industrial borehole drilled at the estate and works department, FUTO,
was used as control (Fig. 2). The towns adjoining the university, whose ground and surface
water systems are in close hydrogeological connectivity include Avu, Obinze, Ihiagwa,
Nekede and Eziobodo.
Climate
139

Onyekuru et al., An Assessment of the …

The prevalent climatic condition in the study area is marked by two main regimes: the wet
(rainy) and the dry seasons (Onyekuru, 1998). The wet season lasts from April to October,
during which the temperature varies from 23 to 26 0C. The season is associated with
prevalence of moisture-laden maritime southwest trade winds from the Atlantic Ocean. The
mean annual rainfall in Owerri area is about 2400 mm (Monanu and Inyang, 1975). A short
spell of dry season is felt in August (August Break), which is caused by the deflection of the
moisture-laden westerly trade wind by the cold Canary current. Due to vagaries of weather,
the August break sometimes occurs in July or early September (Monanu and Inyang, 1975).
The dry season commences in November when the dry continental north-easterly winds
blow from the Mediterranean Sea, across the Sahara Desert down to the southern part of
Nigeria. During the dry season, humidity is low and clouds are absent. The effect of the
desiccating north easterly wind (Harmattan) is felt during the dry season with a mean annual
temperature of 32 0C (Ibe et al., 2001).
Physiography, Vegetation and Soil
The study area is characterized by two types of land forms: undulating lowlands and nearlevel plains. The lowlands around the senate building of FUTO community are dissected by
River Otamiri which originated as a spring around Egbu in the southern part of the study
area (Fig. 1). The highlands and lowlands respectively serve as recharge and discharge
areas of the surface and groundwater systems (Onyekuru, 1998).
The study area lies within the tropical rain forest belt of Nigeria with natural luxuriant
vegetation. This vegetation in the greater part of the area has, however, been replaced by
derived savannah grassland interspersed with oil palm trees and cash crops like cassava,
melon, yam etc., arising from widespread subsistence agricultural activities. Moderatel y thick
vegetation is found near and along the banks of Otamiri River, other surface water bodies
and wetlands in the study area, forming fringing forests. Raffia palms, bamboo thickets and
water grasses are predominant in these swampy environments.
Soil in the area belongs to the ferralitic type, mainly orthoxic troproducts and Dystric
Farrasols (Bordoni, 1984). The soil profile is somewhat uniform throughout the study area.
Generally, the study area is underlain by intensely weathered and leached uniform sands,
loamy sands and black clays.
Geology and hydrogeology
The study area and its environs are underlain by the Benin Formation (Coastal Plain Sands),
which is an extensive stratigraphic unit in the southeastern Nigerian sedimentary basin (Fig.
3). The formation is of Miocene-Pleistocene age and consists of very friable sands with
intercalations of shale and clay lenses (Short and Stauble, 1967). The formation also
contains small isolated units of gravels, conglomerates, very coarse-grained sands and
sandstones in Owerri area (Ananaba et al., 1991). The conditions of deposition are partly
lagoonal and fluvio-lacustrine/deltaic (Reyment, 1965; Nwajide, 2013). The formation dips
southwestwards, starting as thin edge at its contact with the Ogwashi-Asaba Formation in
the far north of southeastern Nigeria and progressively thickens southwards to about 1000 m
in Owerri area (Reyment, 1965; Avbovbo, 1978). Mineralogically, the sandy units which
constitute over 90 % of the rock fragments are composed of over 95 % quartz (Onyeagocha,
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1980). A marked banding of coarse and fine layers with large scale cross -bedding are the
major sedimentary structures of the formation (Ofoegbu, 1988).
The porous and permeable sand units in the Benin Formation with interfingering sandy-clay
deposits and gravels, form a multi-aquifer system in which the aquifer units are separated by
semi-impermeable sandy-clay aquitards. Three aquifer units have been recognized in the
lower Imo River Basin of which the study area is a part (Uma and Egboka, 1986). They are
the upper water table aquifer, a middle semi-confined aquifer and a lower confined aquifer.
The bottom of the upper water table aquifer unit is at a depth of 100 m. The middle semiconfined aquifer has an average thickness of 80 m, while the lower confined aquifer has an
estimated thickness of over 600 m. Aquifer parameters indicate high storage and
transmissivity values. Well yields range from 54.24 to 231.50 m 3 hr−1 (Uma and Egboka,
1986). Fecal contamination of groundwater appears to pose serious problems in the study
area (Ezeigbo, 1989), reason being the over-reliance on shallow groundwater resources as
the main source of groundwater. This scenario is indicative of the potential ease with which
the water table (shallow) aquifer units would be polluted by other categories of contaminants
in the study area.
The study area is drained by River Otamiri, whose regional flow trend is in the southwest
direction. Stream discharge is mainly from surface run-off and groundwater base flow, with
peak stream discharge occurring between September and October (Enuvie et al., 1991). The
bacteriological quality of most of the stream waters in the area is poor due to widespread
and indiscriminate human and animal defecation and very poor waste disposal practices
(Ezeigbo, 1989). The chemical quality of the surface water bodies is also impaired mainly
due to industrial effluents and other anthropogenic activities (Ezeigbo, 1989; Ibe et al.,
1992).
The Otamiri River is hydrogeologically connected to the groundwater system in the area.
Water table mounding and direct leachate infiltration would provide the major pathways for
the entry of contaminants from the Otamiri and other point sources into the groundwater
system. The unconfined nature of the upper and shallow aquifer, its strategic importance in
the supply of potable water to FUTO Community and the fact that polluted aquifers are
difficult and expensive to clean up, informed the need for the development and
implementation of appropriate protection strategy for the resource. Knowledge of the
pollution vulnerability of the aquifer units and the present contaminant concentrations of the
groundwater system in FUTO area forms the basis for developing such strategy.
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Fig. 1. Groundwater Vulnerability Map of Owerri and environs (modified after Onyekuru,
1998)
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Fig. 3. Geological Map of Imo State showing the study area (Modified from Onyekuru, 1998)
3.0 Materials and Methods
Preliminary Investigations
The preliminary investigations done in the evaluation of the pollution status of groundwater in
the study area involved the collection, collation and analysis of existing data relevant to the
study. The existing data acquired for the study include topographical maps, geological maps,
lithologic logs, water level records, geoelectric logs, among others.
Static Water Level and Hydraulic Head Measurements
Static Water Level (s) measurements were done using the electrical well sounder in the
motorized borehole near estate and works department and the 2 hand pump boreholes at
Hostels B and D in FUTO (Fig. 2).
Hydraulic head (h) was determined from a two dimensional network of piezometers installed
along the bank of Otamiri River in the campus (Fig. 2). Piezometers were installed using
hand auger to depths of about 50 cm below the water table. The piezometers were made of
one and half-inch PVC pipes, whose bottoms were sealed with PVC stop-corks. An intake
point or well point was designed by slotting the pipes with a hacksaw. The slots were
wrapped with nitex cloth which ensured the inflow of water only and not sand grains or clay
particles. The piezometer tops were leveled to a benchmark with the compass. Static water
levels were measured in the piezometers using the well sounder and subsequently
converted to hydraulic head (h) and gradient (I).
The Hydraulic Gradient (I) was computed using the relation established by Freeze and
Cherry (1979):
I

=

dh
ds …………………………………….

(1)

where:
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dh = the difference in hydraulic head between two piezometers;
ds = the distance between the two piezometers.
Hydraulic head distribution and hydraulic gradient data, as well as results of analysis of
topographic and drainage maps, enabled the estimation of groundwater flow directions,
groundwater divides, and groundwater recharge/discharge areas.
Hydraulic Conductivity, Sorption and Porosity Determination
Hydraulic conductivity values and sorption properties were determined from grain size data
of surficial sediments and aquifer materials.
Surficial samples were collected from exposures in sand quarries and at the bank of Otamiri
River while the borehole samples were collected from the new borehole drilled at the estate
and works department in 2011. The samples were collected at predetermined intervals and
where textural variations became evident. The samples were oven-dried for 24 hours and
passed through a set of standard sieves. The sieving was conducted according to the
British Standards (BS) 1377 (1990).
The data obtained from sieve analysis (granulometry) were presented on semi-log graph
sheets for the aquifer and overburden materials respectively (Figs. 4 and 5). The curves for
the overburden material were used to determine the clay-sized fraction (percentage retained
on the pan) in order to ascertain its sorption capabilities. The required percentile (d 10) values
interpolated from the curves for both the aquifer and overburden materials were used to
estimate the hydraulic conductivity of the sample materials.
Hydraulic conductivity for each sample was subsequently computed from the sediment
granulometry data using the Hazen empirical formula (Freeze and Cherry, 1979):
K

=

A (d10)2 ……………………………………

(2)

Where, K = the hydraulic conductivity;
d10 = the effective grain size (which is the sieve mesh diameter; through which 10 % of the
sample materials will pass)
A = coefficient whose value is dependent on the unit of K and d10. (For K in cms −1 and d10 in
mm, A is equal to 1.0 and for K in m s −1, d10 in mm, A is 0.01).
Sorption characteristics were estimated from the amount of clay and clay size fraction in the
samples which is usually the percentage of the sample on the pan.
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Fig. 4. Sediment Size Distribution Plots of Aquifer Materials in FUTO for the determination of
d10
Horizontal Distance and Elevation Measurements
The horizontal distance between the contaminant source and the pollution target is a vital
factor when evaluating groundwater vulnerability using the LeGrand Model. The horizontal
distances between the septic tanks and the hand pump boreholes were measured with a
tachometer.
Heights above mean sea levels (Elevation; E) for the borehole sites and the piezometer
points were obtained with the aid of the Geographic Positioning System (GPS). The results
are required for the conversion of depth to water table (s) data to hydraulic heads (h):
h = E – s……………………………………………………
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Fig. 5. Sediment Size Distribution Plots of Overburden Materials for the Estimation of
Sorption above the Water Table
The GPS was also used to determine the coordinates (Latitudes and Longitudes) of the
different sites visited for proper referencing unto the base map (Table 1).
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Sample No

Table 1. Elevation and Coordinates of Sampling Points
Location
Elevation/Coordinates

A

Hostel B (FUTO)

64.60 m; N 05° 23' 07.9''; E 07° 00' 03.4''

B

Hostel D (FUTO)

64.30 m; N 05° 23' 29.7''; E 06° 59' 59.4''

C

Estate & Works BH

63.14 m; N 05° 22' 31.1''; E 07° 00' 01.1''

D

Otamiri River (FUTO)

58.24 & 58.85 m; N 05° 23' 17.3''; E 06° 59' 23.3''

Vulnerability Assessment Model
The LeGrand model was used for the vulnerability assessment of the potential of the septic
tanks at Hostels B and D to pollute the nearby hand pump wells. The model is applicable to
the pollution of groundwater from waste disposal sites. Water table aquifers are pres umed
as it is the case in the study area (Fig. 6). The LeGrand Model is a rating system where a
fixed range of values is assigned to parameters that are judged necessary and adequate for
vulnerability assessment (Freeze and Cherry, 1979). The model was chosen principally
because of its potential general applicability to available data as well as its computational
ease. Parameters of the model which have been determined and used as input data into the
model include: depth to water table, sorption above the water table, hydraulic conductivity,
water table gradient, and horizontal distance to a pollution target. The model results are in
the form of indices which provide relative measures of vulnerability.
The rating charts shown in Fig. 7 illustrate the evaluation procedure for these factors. A
numerical value is read above the line for each of the parameters based on the
corresponding data below the line. For example, a depth of 30 m to the water table (Fig. 7a)
gives a vulnerability rating of 7.9; a coarse gravel lithology provides a ‘sorption above water
table rating of 0.0 (Fig. 7b). A vulnerability index is obtained as the sum of the numerical
rating of the five parameters. The index is then expressed in words in terms of ‘possibility of
pollution’ following the guidelines of Table 2.
Bacteriological Analysis of Water Samples
Bacteriological analysis of raw water samples from the hand pump wells that provide
‘potable’ water to both staff and students of the university was undertaken as a form of
ground-truthing the vulnerability assessment model of LeGrand and the result of the study by
Ibe et al. (2003). The samples from the motorized borehole at the Estate and Works
Department was used as a control point, because it is sited farther away from the septic
tanks. The methods used in the bacteriological analysis of the samples include: Presumption
Coliform Count, Test for Fecal Streptococci and Clostridium Welchii and Total Plate Count.
Presumption Coliform Count
This test is based on the fact that coliform bacteria ferment lactose with the production of
gas. Lactose broth fermentation tubes are therefore inoculated with 0.1ml, 1ml and 10 ml
portions of the test water and incubated for 24 hours + 2 hours at 350 C + 0.50 C. If no gas is
formed, the tubes are incubated for another 24 hours + 3 hours.
The presence of gas is a presumptive evidence that members of the coliform group of
bacteria are present and suggests contamination. When positive, this test is usually followed
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by a confirmed test in which lactose broth cultures of organisms are streaked on Eosin–
Methylene Blue agar (EMB), a medium which contains dyes that inhibit non–coliform
bacteria. On EMB agar, Escherichia coli (E. coli) colonies assume iridescent blue black
color, whereas those of Aerobacter aerogenes are pinkish in color and mucoid in texture.
The test is considered negative in the absence of these two organisms and positive if they
are present. A positive or ‘confirmed’ test was followed by a completed test. In the
completed test, several typical colonies were transferred to slants and lactose broth tubes. In
a positive test, gas would be formed in the lactose broth within 48 hours and non–sporulating
gram negative bacilli would be found on smear from the agar slant. In the absence of these,
the test is usually considered negative.
Test for Fecal Streptococci and Clostridium Welchii
Streptococcus faecalis grams are found in the media containing concentrations of potassium
tellurite or sodium azide which are inhibitory to coliform organisms and most gram negative
bacilli. Media containing either of the two substances were therefore used to demonstrate
the presence of Streptococcus faecalis in water.
Clostridium Welchii test involved the addition of litmus milk in the presence of the organism.
The litmus milk was first boiled and cooled, water added and the mixture heated to 80 0C for
15 minutes to destroy non–sporing organisms. The tubes were then incubated anaerobically
for at least 5 days and the probable numbers of Clostridium Welchii per 100 ml of water were
determined.

Downstream limit of pollutant E

D

E
C

E

B
A

Hostels
Hand
Pump
Wells

Waste Site

Fig. 6. Plan View of an unconfined Aquifer showing areal extent of various contaminants (A
– E) of mixed wastes, (from a Waste site e.g. Septic Tank), disperse and move to
insignificant levels (after LeGrand, 1964)
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Fig. 7. Chart for Evaluating the Pollution Potential of unconfined Aquifers consisting of
unconsolidated sediments (after LeGrand, 1964)
Table 2. LeGrand’s measure of vulnerability (LeGrand, 1964)
Possibility of pollution
Total points
0–4

Imminent

4–8

Probable/possible

8–12

Possible but not likely

12–25

Very improbable

25–35

Virtually impossible

Physiochemical Analysis
Water samples from the 3 boreholes in the study area were tested for common physical and
chemical constituents which have the capacity to reduce groundwater quality if found in
appreciable quantities. The presence of these constituents was determined by methods such
as flame photometric, gravimetric and titrimetric methods.
The application of each method was based largely on the mode of association of
accompanying elements. For example, group 1 elements/ions (Na + and K+) were detected
by flame photometry while the group 2 ions (Ca+ and Mg +), were determined titrimetically
with the use of indicators (Solochrome black T and Calcine indicators). For chlorides, a
solution of AgNO 3 usually one mole was used in their determination titrimetically. The white
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precipitate resulting from this process is known as Silver Chloride (AgCl) and was collected
and dried and its weight taken. Sulphates and nitrates were gravimetrically determined using
Barium Chloride to precipitate the former while Kiejel apparatus was employed in the latter.
Bicarbonates were also precipitated using the same method.
Temperature measured in Celsius (0C) was determined with thermometers immediately after
sample collection. Color, taste and odor were derived from the presence of bacteria,
dissolved gases, mineral or organic matter, or phenols. The parameters are subjective
sensations that are defined only in terms of the experience of the observer.
However, qualitative determination of taste and odor has been developed based on the
maximum degree of dilution that would be distinguished from taste – free and odor – free
water.
Turbidity was assessed by the degree to which water loses its transparency due to the
presence of suspended particulates. The more the total suspended solid in water, the
murkier it seems and the higher the turbidity. It is based on the length of light passing
through the water which causes the image of a flame of a standard candle to disappear.
The Total Dissolved Solids (TDS) is determined by evaporating about 10 ml of the water
sample using an evaporating dish of known weight. After the whole water has evaporated,
the dish is then taken to desiccators to attain the ambient temperature. It was re–weighed
and the difference if any between the initial and final weights of the evaporating dish gives
the TDS.
4.0 Results
Horizontal distance values from septic tank to hand pump wells
The result of the measured horizontal distances from the hand pump boreholes and the
pollution sources (septic tank units) are shown in table 3. This parameter is one of the
essential data further used as input data into the LeGrand Model.
Table 3. Horizontal distance measurement from hand pump wells to septic tanks
Location
Hostel B (FUTO)
Hostel D (FUTO)
Horizontal distance (m)

35.20

20. 50

Groundwater Hydraulic Head and Gradient
The hydraulic head and gradient of the groundwater system in the study area were obtained
from records of spatial changes in Static Water Level (s) in the piezometers installed at the
bank of Otamiri River, the hand pump boreholes and the Elevation (E) of the sampling points
(Table 4).
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Table 4. Showing Elevation, Hydraulic Head and Gradient at the sampling points
Reference Point
Piezometer Elevation Water
Hydraulic Difference
Hydraulic
Distance in
(E) in m
Levels head (m)
in head
Gradient
m (ds)
in m
(h= E-s)
dh (h2- h1)
(i=dh/ds)
(s)
1
58.24
18.33
39.91
2.75

2
Hostel B well
Hostel D well

60

58.85

18.41

40.44

64.60

31

33.60

64.30

30

34.30

0.53

0.19 or 19 %

0.70

0.01 or 1 %

The hydraulic gradient is directed away from the pollution source towards the receptors (i.e.
adverse direction) which in this case is towards the wells and Otamiri River.
Granulometric Analysis
The plots of sediment Granulometry of the overburden and aquifer materials presented in
Figures 4 and 5 showed that the effective size (d10) values range from 0.14 to 0.17 mm
(Average = 0.16 mm) and 0.16 to 0.19 mm (Average = 0.17 mm) for the aquifer and
overburden materials respectively. The Average values of Hydraulic conductivity obtained
when these d10 values are inserted in equation 3 are 2.89 x 10-2 and 2.56 x 10 -2 cms −1 for the
Overburden and aquifer materials (Figs. 8a and b) respectively.
Groundwater Sensitivity Risk Assessment Based on the LeGrand’s Model
Based on data obtained for the five parameters, the result of groundwater vulnerability in the
FUT. Owerri Community is shown in Table 5.
Table 5. Results of the LeGrand Model for the Hand Pump Boreholes
Parameter
Receptor ratings
Hostel B

Hostel D

Depth to water table

6.5

6.5

Sorption

0.0

0.0

Permeability

0.0

0.0

Water table gradient

3.0

3.0

Horizontal distance

4.0

1.5

13.50

11.00

Total points
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Result of Bacteriological Analysis
Table 6 presents the result of bacteriological analysis on the borehole water samples. No
Coliforms were identified in any of the samples, which denote satisfactory result. The
general appearance of water, in terms of color, odor and turbidity is also satisfactory.
Result of Physiochemical Analysis
The result of physicochemical analysis conducted on raw water samples to ascertain the
physical and chemical composition of water from the boreholes is presented in tables 7, 8
and 9 representing samples from Hostel B, D and Estate and Works boreholes. Each
parameter was correlated with the WHO standard (2006) for safe drinking water.

Fig. 8. Lithologic Sections of Overburden Materials (8a) and Borehole Logs (8b)

Table 6. Results of Bacteriological analysis
Sample
Location

Plate
Count

Dilution
Factor

Streptococci
Count

Clostridium
Count

E. Coli
Count

3

Nil

Nil

Nil

Other
Coliform
s
Nil

3

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

-2

1.8x10

-2

0.8x10

Hostel B Well

18

10

Hostel D Well

8

10

Estate

30

10

and

Organism
Per ml

-2

3

3.0x10

WHO
2006
Total
coliform
(cfu/100
ml) = 10

Works BH
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Table 7: Physicochemical Composition of Hostel B Hand–Pump Water
WHO
Chemical
mg/l Conversion meq/l Eqm Eqm
Parameter

Factor

%

Standard
(2006)

Cations
Calcium (Ca2+)

4.35

0.04990

0.2171

0.41

41

200 mg/l

Magnesium (Mg2+)

2.18

0.08226

0.1793

0.34

34

150 mg/l

Sodium (Na+)

1.25

0.04350

0.0544

0.11

11

500 mg/l

Potassium (K+)

2.91

0.02557

0.0744

0.14

14

50 mg/l

Total Cations

10.69

Iron (Fe2+)

0.234

0.3581

0.0838

Chlorides (Cl-)

4.14

0.02821

0.1168

0.22

22

500 mg/l

Sulphates (SO 42-)

5.63

0.02082

0.1172

0.22

22

400 mg/l

Carbonates (HCO 3- 17.76

0.01639

0.2912

0.56

56

500 mg/l

0.5252
0.2 mg/l

Anions

)
Total Anions

27.53

0.5252

Physical Parameter
Turbidity (NTU)

14.45

5.0 NTU

Conductivity ( μs/cm)

6.34

1400
μs/cm
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Total hardness

6.53

<150 mg/l

Total suspended solids

3.04

100 mg/l

Total dissolved Solids

9.34

1500 mg/l

pH (at 290C)

6.94

6.5-9.0 0C
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Table 8: Physicochemical Composition of Hostel D Hand–Pump Water
Chemical

mg/l

Parameter

Conversio

meq/l

WHO
Standard
(2006)

Eq

Eqm

m

%

0.301

0.4

41

200 mg/l

4

1

0.337

0.4

45

150 mg/l

3

5

0.052

0.0

7

500 mg/l

6

7

0.051

0.0

7

50 mg/l

9

7

n
Factor

Cations
Calcium (Ca2+)

6.04

Magnesium

4.10

0.04990
0.08226

2+

(Mg )
Sodium (Na+)

1.21
+

Potassium (K )

2.03

Total Cations
2+

Iron (Fe )

0.04350
0.02557

13.3

0.743

8

2

0.34

0.358

0.2 mg/l

5
Anions
Chlorides (Cl-)

6.86

0.02821

0.193

0.2

6

6

0.304

0.4

4

1

0.245

0.3

2

3

26

500 mg/l

41

400 mg/l

33

500 mg/l

2-

Sulphates (SO 4 )
14.6

0.02082

2
Carbonates
3

14.9

0.01639

(HCO )

6

Total Anions

36.4

0.743

4

2

Physical Parameter
Turbidity (NTU)

40.13

5.0 NTU

Conductivity (μs/cm)

22.01

1400
μs/cm

Total hardness

10.14

<150 mg/l

Total suspended solids

4.39

100 mg/l

Total dissolved solids

14.81

1500 mg/l

7.2

6.5-9.0 0C

pH (at 290C)
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Table 9. Physicochemical Composition of Estate and Works Borehole Water
WHO
Chemical
mg/l
Conversi meq/l Eqm Eqm
Standar
Parameter
on
%
d (2006)
Factor
Cations
Calcium (Ca2+)

3.91

0.04990

0.195

0.37

37

200 mg/l

0.49

49

150 mg/l

0.7

7

500 mg/l

0.7

7

50 mg/l

1
Magnesium

3.11

0.08226

2+

(Mg )

0.255
8

+

Sodium (Na )

0.80

0.04350

0.034
8

+

Potassium (K )

1.34

0.02557

0.034
3

Total Cations

9.16

0.520
0

Anions
Iron (Fe2+)
-

Chlorides (Cl )

0.23

0.358

4.50

0.02821

0.2 mg/l
0.126

0.25

25

500 mg/l

0.20

20

400 mg/l

0.55

55

500 mg/l

9
Sulphates (SO 42-)

5.11

0.02082

0.106
4

Carbonates

17.49

(HCO3-)
Total anions

0.01639

0.286
7

30.68

0.520
0

Physical Parameters
Turbidity (NTU)

22.43

5.0 NTU

Conductivity ( μs/cm)

16.61

1400
μs/cm

Total hardness

7.02

<150
mg/l

Total suspended solids

13.30

100 mg/l

Total dissolved Solids

11.13

1500
mg/l

pH (at 290 C)

7.01

6.5-9.0
0

C
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5.0 Discussion
Groundwater Vulnerability
The result of groundwater vulnerability analysis using the LeGrand model reveals that the
potential for Hostel B hand pump well to be polluted from nearby septic tank is very
improbable (13.4 points) and that for Hostel D is possible but not likely (11 points). It shows
that the susceptibility of the Hostel D borehole is higher than Hostel B borehole.
The most essential parameters that influenced these results were the Horizontal Distance
between boreholes and septic tanks and the Hydraulic Gradient. The distance travelled by
contaminants tends to remove or reduce the concentration of the contaminants in
groundwater. The distance between the septic tanks and the boreholes have been adjudged
adequate to provide the necessary self-attenuation capacity and cleansing/dispersion of the
groundwater system in the area.
An average water table gradient of 1 % recorded in the hostel area indicates an almost
horizontal slope and much reduced base flow, where flow velocity is negligible. Given
enough time and large distance, pollutants undergo many modifications and processes that
tend to reduce or remove them entirely from the system. Therefore, it is expected that the
hydraulic gradient provided the required retardation for contaminant attenuation while the
horizontal distance of travel ensured that the contaminants from the septic tanks were
attenuated.
It should be noted that the gradient around the Otamiri River is relatively high (19 %) and
would have definitely influenced the results of groundwater vulnerability if contaminant
sources were close to the river. Contaminants sources abound at the banks and water shed
of the river. The interconnectivity between the groundwater and surface water systems is
indicative of the risk posed by either of the systems when polluted.
Hydrogeochemistry
The concentrations of the different elements in the tested water samples in the hostel areas
of FUTO tabulated in Tables 7-9 show that the groundwater samples have pH in the
neutral/alkaline range (6.94 - 7.01). The concentration levels of the major and minor ions
detected are dominated by Mg and Ca with low levels of Na and K. HCO 3 and SO4
constitute the major anion content with appreciable concentrations of Cl (4.5 - 6.86mg/l). The
water chemistry thus show three distinct regimes: HCO 3 being the dominant anion (28 %) in
Hostel B borehole and Ca the dominant cation (20.5 %), making the water predominantly
CaHCO3 water. The water in Hostel D and that in the Estate and Works boreholes have
Mg 2+ as the dominant cation while SO 4 (20.5 %) and HCO 3 (27.5 %), respectively, are the
dominant anions. Hence, their water regimes are MgSO 4 and MgHCO 3 water, respectively.
The concentrations of most of the parameters investigated in the borehole water samples
from the study area fall within the permissible limits of the World Health Organization (2006)
standard for safe drinking water. Iron as Fe2 + with a range of 0.23-0.35 mg/l is slightly above
the minimum permissible level recommended by the W.H.O (2006) standard for safe
drinking water. Iron can be treated by simple aeration which transforms Fe 2+ to Fe3+, a
reddish precipitate easily removed by filtration.
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Water Quality
Piper trilinear diagram (Fig. 9) shows the close relationship in the chemistry of the borehole
waters in the study area. All the samples plotted within the potable water zone of the
diamond portion of the Piper diagram.
A further confirmation of the close relationship in the chemical characteristics of the borehole
waters is shown in the Stiff and Schoeller diagrams (Figs. 10 & 11). The Stiff diagrams have
similar shapes, though with slight variations in size as a result of increased concentration
levels of some of the elements.
It should however, be noted that the samples from Hostels B and that near Eziobodo (Estate
and Works Dept.) have closer affinity as shown in the shapes of the Stiff Diagram and the
tracting of their respective curves in the Schoeller diagram (Fig. 11). The Schoeller diagram
represents the combinations of the major and minor constituents of groundwater in the study
area. The plots also indicated that HCO 3 and Mg/Ca are the dominant anions and cations,
respectively in the Hostel B and Estate and Works (Near Eziobodo) Boreholes. SO 4 is the
dominant anion while Mg and Ca are the dominant cations in hostel D borehole.
Although the Piper trilinear plots (of major cations and anions) of the borehole waters fall
within the potable zone of the Piper diagram, the concentration of Iron (Fe 2+), which ranged
between 0.23 - 0.35 ml/l, in the sampled boreholes is slightly above the recommended value
for safe drinking water (Tables 9-11). Iron found in water is an essential element required in
small amounts by all living organisms. The Aesthetic Objective (AO) for iron in drinking water
is less than or equal to 0.2 milligrams per litre (mg/L). The taste and smell of iron at
concentrations above the drinking water guidelines may be noted by some water users. The
most common source of iron in groundwater is naturally occurring, for example from
weathering of iron bearing minerals and rocks. Industrial effluent, acid-mine drainage,
sewage, dump sited and landfill leachates may also contribute iron to local groundwater
(Water Stewardship Information Series, 2007). The water supply aquifer in the area is
comprised of 98 % quartz, which is a stable and unreactive mineral. Therefore, the source
of the iron found in the water samples is not a result of local geology (i.e. rock units
underlying the area) but probably inputs into the Otamiri River from run offs. Many open
dumps regularly discharge leachates into the Otamiri River. The Nekede Mechanic village, a
major source of iron and many other hydrocarbon products-based pollutants is also located
on the water shed of the river.
At concentrations found in most natural waters and at concentrations below aesthetic
objection, however, iron is not considered a health risk. Water with high concentrations of
iron may cause the staining of plumbing and laundry facilities. Iron can stain pipes and other
fittings to produce colored and rusty flakes in water. Iron substances can also engender the
growth of unwanted bacteria that form slimy coats and foul smells.
The excess concentration of iron somewhat affected the concentrations of Total Dissolved
Solids (TDS) and Turbidity. The TDS was observed to be higher in the water sample from
Hostel D (TDS = 14.81mg/l) and least in the sample from Hostel B borehole (TDS =
9.34mg/l), which corresponded with samples with more and least concentrations of iron
respectively. Similarly the turbitidy values are higher than recommended indicating lots of
suspended loads.
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EXPLANATION
Hostel B
Hostel D
Eziobodo

Ca 2+
CATIONS

ClANIONS

Fig. 9. Piper Trilinear Plots of Major Cations and Anions in the Study Area

Fig. 12. Schoeller Diagram of Major Cations and Anions in the Study Area
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MEQ/L

Cations

0.4

0.32

0.24

0.16

0.08

0

Anions

0.08

0.16

0.24

0.32

0.4

Na + K

Cl

Ca

HCO3 + CO3

Mg

SO4

HOSTEL B BH SAMPLE
Na + K

Cl

Ca

HCO3 + CO3

Mg

SO4

HOSTEL D BH SAMPLE
Cl

Na + K

HCO3 + CO3

Ca

SO4

Mg

Fig. 13. Stiff Diagram for the analyzed Water Samples in the Study Area

ESTATE & WORKS (EZIOBODO) BH SAMPLE
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6.0 Conclusion
The pollution susceptibility study of the water supply aquifer system in the Hostel areas of
the Federal University of Technology (FUT) Owerri was evaluated with two (2) existing hand
pump wells near Hostels B and D. The borehole near the Estate and Works department that
is far from the septic tank units was used as a control borehole. Model results showed the
unlikelihood of the hand pump wells to be polluted by the nearby septic tank units.
Physicochemical and bacteriological analysis of water samples from the boreholes, indicated
that the borehole waters are potable when plotted on the Piper Trilinear Diagram and
compared favorably with the World Health Organization (2006) Standard for safe drinking
water. Hence, the septic tanks in Hostels B and D have not impaired the quality of water in
the aquifer systems as anticipated. The overriding effect of the horizontal distance between
the septic tanks and the pumping wells and the low hydraulic gradient of the groundwater
system ensured adequate contaminant attenuation and dilution.
The sampled waters however, contained relatively higher concentrations of iron in excess of
limits recommended by the World Health Organization (2006). The source of this iron is
probably associated with contaminants entrained in the Otamiri River derived from its
watershed during run offs. Iron however, is not harmful to health and can easily be removed
from water by a combination of aeration and filtration.
Periodic groundwater monitoring is therefore, recommended to ascertain the pollution status
of the groundwater system in the Federal University of Technology, Owerri, having
ascertained its very high potential to be impaired by the nearby surface water resource.
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