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Abstract

This paper assesses the water quality and geochemical characteristics of the Opi lakes (Varavara, Ogelube,
lyikpor, lyikpa), and River Uhere and the possible Contributions towards sustainable development. Water
samples were collected and analysed for cations, anions, heavy metals, and nutrients using the procedures and
methods for water chemistry published by the American Public Health Association (A.P.H.A); American water
works Association and Water pollution Central Federation (W.P.C.F). Geochemical plots (Stiff diagram, Piper's
trilinear diagram) were used to classify the hydrogeochemical facies of the water. Hydrogeochemical studies
indicate that all the lakes' water is soft with low concentrations of dissolved chemical constituents. Their pH are
within the range of 6.6 to 7.1. Calcium is the dominant cation while bicarbonate is the dominant anion in all the
lakes and river water. Hydrochemical constituents, except for iron (Fe), lead (Pb) and zinc (Zn) are within the
World Health Organization (WHO) and the Standard Organization of Nigeria (SON) drinking water standards.
The water is suitable for fishing activities, irrigation farming and to promote tourism. Based on findings of this
study, it is clear that the lakes can support a wide range of activities of which, if capacity is developed to handle
them, can effectively contribute to national sustainable development.

Keywords: water quality, geochemical characteristics, opi lakes, sustainable development

INTRODUCTION flood protection. All these numerous importance of
A natural lake is a fairly large body of water lakes make the Opi lakes a very important resource to
occupying an inland basin/low-lying geographic area Opi and environs especially because the regional
(Gore, 2003). Lakes make up 0.007% of water on water table of the area is deep and it is quite
earth. It is a source of fresh water on the earth’s expensive to extract water through boreholes and
surface. The chemistry of lakes reflects the chemical indigenes/ residence of the area face serious water
composition of the water draining into them, shortage especially during the dry season.
however, there is a possibility that changes to the
composition may occur during its period of storage Economically, the study area is mainly a civil servant
(Krauskope, 1967). There are two reasons for this for state with almost no presence of major industries, so
this, firstly, the residence time of water in lakes is revenue and development is mainly dependent on
generally longer than in free-flowing rivers and salary income of government workers; development
secondly, lakes tend to be deeper than rivers so is stalled when such workers do not receive their
replacement of dissolved oxygen by charge from the income. However, if capacity is built to harness the
atmosphere is more difficult (Gibbs, 1970). Lakes, various economic opportunities provided by the
like other surface water bodies are vulnerable to presence of the lake in the study area, continuous
contamination and pollution than groundwater source of revenue from within and outside the state
resources (Ogunbanjo and Rolajo, 2004). will be generated/ attracted, invariably leading to
sustainable development.
They are very important to the environment and to
man as well as they help to regulate the flow of a The aim/purpose of this paper is to examine the
river, prevent flooding during the rainy season and quality and suitability of the opi lakes so as to
help maintain even flow of water. They also identify different economic opportunities in which
moderate the climate of the surrounding area, capacity can be built for sustainable development of
maintaining acquatic ecosystems. They are also wide the Nsukka environs. The specific objectives of this
life habitats for different species. They enhance study are: (i) to investigate chemistry/quality of water
natural beauty, help develop tourism and provide in Opi lakes, (ii) classify the water-type of the Opi
recreation through boating and swimming. Lakes lakes (iii) to determine the suitability of the Opi lake
provide water supply to agricultural, domestic, and water for different use, and (iv) to propose the
industrial uses. They can be used to generate power economic usefulness of the lakes.
in the form of hydropower, hydroelectric and
thermoelectric. Lakes support and regulate soil
formation, biodiversity, groundwater recharge and
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STUDY AREA

The study area lies within latitudes 6°44”-
6°46”North and longitudes 7°28”-7°29 East (Table 1).
Four lakes were studied (Ogelube, Varavara, lyikpor,
lyikpa) and are all located at Agu-Opi in Opi, Nsukka
local government area, southeastern Nigeria. River
Uhere, which has its source at Ogbozalla - Opi
(7°28°50”), drains the study area. (Figure 1). The
study area is in the Anambra basin and is underlain
by the Mamu Formation, Ajali Sandstone and the
Nsukka Formation (Murrat, 1972).

TABLE 1: Location co-ordinates of the Opi Lakes

Lake Co-ordinates
East North Elevation*
(m)
Vara vara 7°29'07.4"  6°45'53.6" 252.8
Ogelube 7°29'53.6"  6°45'25.6" 242.2
lyikpa na na na
lyikpor 7°29'6.30"  6°44'58.6" 237.6

*above sea level.
na - Not available because thick vegetation prevented
GPS reading.

Key
Rivers
Lake Chad s

# Towns

Study area

Figure 1. Map of Nigeria showing the location of Opi in the southeast

MATERIALS AND METHODS

Water samples were collected in 1 litre capacity
polythene containers with rubber stoppers. All
containers were rinsed the lake water before sample
collection. Sampling was done using the discrete
sample collection methods. Replicate samples were
collected for each sampling. Water samples collected
were taken to the laboratory with 6hours of collection
for chemical analysis. These samples were analysed
for pH, temperature, conductivity, dissolved oxygen,
total dissolved solids (TDS), hardness, nitrate,
sulphate, phosphate and bicarbonates, cations (Ca,
Na, Mg, K, Zn, Pb, Mn, Fe, Cu & Al), coliform and
E.coli. However, parameters such as dissolved
oxygen, temperature and electrical conductivity were
determined on the field using direct reading
engineering potable laboratory equipment.
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The chemical parameters of the lakes were analysed
using the procedures and methods for water
chemistry published by the American Public Health
Association (A.P.H.A), American Water works
Association (A.W.W.A) and Water pollution Central
Federation (W.P.C.F), 1971. pH was measured by
electrometric method using a pH-meter. The pH —
meter was standardized using a known solution
buffer solution. Subsequently, the pH electrodes were
dipped into the sample and the instrument reading
was recorded. Dissolved oxygen was measured in the
field using a dissolved oxygen meter while
conductivity was measured using a conductivity
meter. Colour was determined using the platinum-
cobalt method; colour standards were prepared in
nestla tubes, then the sample colour was visually
matched with the colour standards in the nestla tubes.
The colour of the standards in the nestla tubes that



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 10(2):79-85 (ISSN: 2141-7016)

corresponds to the colour of the water sample was
recorded as sample colour.

Total hardness, calcium, and magnesium were
determined by the EDTA titrimetric method. Sodium
and potassium were measured using Gatten Kampe
flame analyzer. Total iron was determined by the
phenanthroline method. Aluminum, copper and lead
were analysed using the pyrocaracol method,
ferrocynanide method and sulphide method
respectively, while manganese and zinc were
determined by the phenol-di-sulfonic method.
Chloride was analysed using the argnetometric
method. Bicarbonate and carbonate were determined
from the alkalinity relationship: B*N*50,000/ml of

sample. Total phosphate was determined using the
Stannous chloride method.

Hydrogeochemical analysis plots (pipper & Stiff
diagrams) were carried out with the ‘rock work’
software.

RESULTS AND DISCUSSION

Physicochemical Analysis of the Lakes’ Water

The laboratory results of the physicochemical
analysis (Table 2) show that colour of water from the
lakes fall within 10-15Hazen units, while that of
River Uhere is 5Hazen units; these values fall below
the maximum permissible limit of 50Hazen (WHO,
1993).

Table 2: Summary of the results of hydrochemical analyses of the Opi Lakes and River Uhere.

Parameter Vara vara Ogelube
pH 6.6 7.0
Total dissolve solids (TDS) 10.40 10.08
Total hardness 0 0
Colour (Hazen) 5 25
Elect. Conductivity (uS/cm) 16.0 15.5
Temperature (°C) 29 33
Ca* (mg/l) 1.60 2.40
Mg® (mg/l) 0 0
Na* (mg/1) 0.57 0.57
K* (mg/l) 1.39 1.67
Fe™ "(mg/l) 2.38 0.42
CI" (mg/l) 2.99 4.99
SO%; (mgll) 0.86 1.72
HCO03 (mg/l) 6.00 10.00
CO3(mg/l) 6 10
P04 (mg/l) 0.08 0.01
NO’s (mg/l) 3.20 1.87
Cu?* (mg/l) 0.282 0.316
AP (mg/l) ND 0.004
Pb?" (mg/I) 0.035 0.064
Zn** (mg/l) 6.54 6.54
Mn (mg/l) ND ND
H,S (mg/l) 1.38 ND
Total Phosphorous (mg/m®) 80 10

lyikpa lyikpor Uhere
7.1 7.1 7.9
11.70 10.01 8.45
0 0 2
50 50 5
18.0 15.4 13.0
28 31 -
1.60 1.60 1.60
0 0 0
1.42 1.70 0.57
0.83 1.39 1.39
2.24 344 1.38
2.99 2.99 2.99
1.72 1.72 0.86
10.00 10.00 12.00
12 10 12
0.07 0.16 0.14
0.55 0.44 0.86
0.35 0.514 0.322
0.007 0.0019 0.001
0.091 0.033 0.039
9.81 3.27 6.54
ND ND ND
1.28 1.28 ND
70 160 -

¢-> - Not tested, ND — not detected.

Temperature values recorded were 29°C, 30.6°C,
33.1°C, & 28.4°C for Lakes varavara, lyikpa,
Ogelube, & lyikpor respectively while the
temperature of the associated river Uhere was 29.3°C.
The condition of the lakes indicates good condition
for growth and survival of warm-water fidh species
(Hokanson, 1977). Dissolved oxygen recorded was
5mgl, 5.6mg/l, 10.9mg/l and 10.5mg/l for lakes
varavara, lyikpa, Ogelube and lyikpor respectively.
The pH of the lakes ranged from 6.6 to 7.2, indicating
that the lake is neutral. Hardness of the lakes was
Omg/l while that of River Uhere was 2mg/l; these
values classifies the water as being soft (Sawyer and
McCarty, 1967).

Concentration of sodium in the lakes ranged from
0.566mg/l to 1.678mg/l which is below the maximum
permissible concentration of 200mg/l for drinking
water (WHO, 1993). The low concentration of
sodium is of great significance to the suitability of the
water for drinking because of health implication.
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High dietary intake of sodium is a significant
contribution to the development of hypertension
among genetically susceptible members of a
population (Todd, 1980). Concentrations of
potassium in the lakes are within the range of
0.83mg/l to 1.94mg/l, which is also within the
recommended standard for drinking water (WHO,
1984). Calcium and magnesium ions were also within
acceptable concentrations. However, iron
concentration was greater than 1mg/l, thus exceeding
the maximum permissible limit for drinking water
(WHO, 1984). The undesirable effect of iron
concentration is that it imparts objectionable taste to
water, and stains plumbing fixtures and cooking
utensils (Todd, 1980). The source of iron in the lake
could be as a result of iron-stained sands
(ferruginized sands) in the study area.

Sulphates, chloride, carbonates, bicarbonates and
even nitrate ions recorded concentration values that
were within acceptable standard. The presence of
nitrate in water is usually fecal contamination which
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could be from manure used for farming or from
sewers. In this case, since the lakes are far from
residential areas, the current nitrate level would be as
a result of farming practices; if not checked, as these
practices continue over the years, nitrate might
become a threat and source of pollution of the lakes.
The presence of some heavy metals such as lead (Pb),
and zinc (Zn) in the lakes raises issues of concern
with respect to water quality. Aluminum and copper
were below their respective maximum permissible
limit of 0.2mg/l and 2mg/l. However, lead which
ranged from 0.0334 — 0.09mg/l and zinc which
ranged from 3.269 - 6.538mg/l exceeded the
maximum acceptable limit for drinking water (WHO,
1984; SON, 2007). Considering that the study area is
not industrialized, possible source of lead and zinc in
the lake water will be the use of pesticides used on
the farms around the lake. During the rainy season,
the pesticides may be washed from the soil and runs
off into the lake.Lead is a cumulative poison and may
lead to mental retardation, palsy and perhaps severe
personality and behavioural problems (Pettyjohn,
1972; SON, 2007; EPA, 2017). Abnormal
concentration of copper, zinc, and lead can, in a
geographic sense, be related with areas where the
overall mortality rate and mortality rate for cancer of
the stomach are well above average (Warren at al.,
1967). Except at very high concentration, zinc alone
has no known adverse effects on man (Pettyjohn,
1972). It is a component of insulin and is involved in
the utilization of carbohydrates and protein. Some
evidences seem to indicate that it aids in the healing
of wounds (USDA, 1970). On the other hand, zinc is
highly toxic to fishes and other aquatic animals and
apparently, may act as an internal poison, or it may
form an insoluble compound with the mucus that
cover the gill of fish (Mckee and Wolf, 1963).

Bacteriological characteristics of the Opi lakes
Laboratory results of water samples from the lakes
(Table3) reveal that coliform is on the high side,
recording values as high as 2400MPN/100ml. Values
of E-coli recorded were 11, 42, 75, & 120 for lakes
varavara, iyikpa, Ogelube, and lyikpor respectively.

Table 3: Results of Bacteriological Analysis of the
lakes

Lake Name Coliform E-coli (MPN/100ml)
(MPN/100ml)
Vara vara 210 11
Ogelube >2,400 75
lyikpa >2.,400 42
lyikpor >2,400 120
River Uhere >2,400 150

The existence of the coliform group as a whole and
the confirmation of the Escherichia coli (E-coli) in
water is indicative of faecal contamination and
possible presence of pathogenic bacteria such as
Salmonella typhi, Shigella sp (Chanlett, 1979; Lorch
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1981; Fish 1992; Onwuka et al., 2004). Drinking
water contaminated with these organisms can cause
stomach and intestinal illness including diarrhea,
nausea, or may even lead to death. These effects are
more threatening for babies, children, the elderly, or
people with immune deficiencies or other illness
(TBCGA, 2007). World health organization standard
for E-coli count in drinking water is 0/200ml (WHO,
1984). It is therefore obvious that water from the
lakes is not suitable for drinking except when treated.
Simple disinfection such as chlorination Kills
potentially harmful organisms and makes water
suitable for domestic use (Tebutt, 1992). Disinfection
by ultra violet light (UV) or reverse osmosis may also
be used to destroy or remove bacteria and viruses in
water (TBCGA, 2007). Possible sources of E-coli in
the lakes are animal dung used as manure in
surrounding farms; or human feaces in bushes around
the lakes.

Geochemical Plots and Interpretation

The piper’s trilinear diagram of the Opi lakes and
River Uhere (Figure 2) reveals that the major cation
for Lakes Varavara, Ogelube, and River Uhere is
calcium (Ca), while that of Lake lyikpor is sodium
(Na) and Lake lyikpa shows no dominant cation.
Also, the major anion for lakes Varavara, lyikpor and
River Uhere is bicarbonate, while lakes lyikpa and
Ogelube shows no dominant anion. On the whole, the
plots reveal that the natural hydrogeochemistry of the
lakes fall within the potability window of the piper’s
Diagram. Excluding anthropogenic influence, the
lakes’ water is fresh water and is suitable for
drinking. The stiff diagram also shows that the lake
water generally fall into the HCO;, SO,4, Na, Cl, Ca
composition.

Trophic classification of the Opi lakes

The Opi lakes are classified based on the total
phosphorous content. Wetzel, 1983 classified lakes
with total phosphorous in the range of 3-17.7mg/m°
with an average of 8mg/m?® as Oligotrophic, those
within the range of 10 to 95.6mg/m® with an average
of 26.7mg/m*, as mesotrophic while those with
phosphorous content ranging from 16 to 380mg/m®
with average value of 84.4mg/m? as europhic. Total
phosphorous for lakes Varavara, lyikpa, Ogelube, &
lyikpor is 80mg/m?®, 70mg/m°, 10mg/m° and
160mg/m® respectively. Lake lyikpor, as an
eutrophic, and lakes Varavara, and lyikpa, as
mesotrophic are suitable for prolific fishing. Lake
Ogelube, however, as an oligotrophic lake has low
productivity. In this case, although there may be
many species of fishes in the lake but their population
would be low because of low concentration of
nutrients required for plant/algae growth (Wetzel,
1983). Nutrients can however be deliberately
introduced into the Ogelube lake so as to enrich it and
enable it support greater fishing pressures.
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Figure 2: Stiff diagrams of Opi Lakes and River Uhere [a. River Uhere, b. Lake Ogelube, c. Lake lyikpor, d.
Lake lyikpa and e. Lake Vara vara]
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Figure 3: Piper’s trilinear diagram of Opi lakes and River Uhere
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Contributions to Sustainable Development

e Suitability for drinking and domestic

purposes

The natural hydrogeochemistry of the Opi lakes
makes them suitable for drinking and domestic uses.
However, the presence of lead and zinc and coliform
count in amounts exceeding recommended amount
render the water unfit. If these contaminants are
handled, the water can be used to augment water
supply in the Opi environs, especially during the dry
season when the people experience a major water
drought. Minerals such as goethite, ferrihydrate and
Schvertmannite can be used to scavenge for heavy
metals — lead & zinc (Hibbard, 2002) while
chlorination will help deal with the micro organisms/
coliform (Tebutt, 1992). Water can be pumped into
water- treatment reserviours, during the rainy season,
where they can be treated and then pumped into water
storing reserviours and made available to the
residents. This measure will lead to social and
economic development in the area by solving the
problem of water shortage in the area as well as
enhance water dependent businesses and activities.

e Suitability for Fishing Activities
The temperature, dissolved oxygen and nutrient
content of the lakes are such that they can confidently
support fishes. Fishes consumed in the Opi areas &
environs are brought from other states which make
the price of fishes to be high and most local indigenes
are not able to afford it. Apart from the fish currently
present in the lakes, other fish species can be
introduced into the lakes. If well, harnessed, fresh
fish can be readily available to the indigenes and
residence of Opi and environs and also be a main
source of revenue generation. This will also
positively impact on the economic atmosphere of the
area.

e Suitability for Irrigation farming
The lakes and also the associated River Uhere can
serve as water supply for irrigation. This will
promote dry season farming there by maintaining a
consistent food supply all through the year.

e Tourism
The lakes, together with the waterfall (source of river
Uhere), along with the surrounding hills make for a
good scenery for tourism. With all these features
present, a resort can be built around them, thereby
promoting tourism which will in turn lead to a drastic
development of the area enabling job creation,
increase in income of indigenes through increase in
quantity of sales of merchandise, and influx of
foreigners.
Also, if the fishing potential of the lakes are
developed, fishing competitions can be encouraged
and this also will enhance tourism.

Capacity building for Sustainable development

The problem of development in the study area is not
that of lack of resources as many have assumed.
Although the area may not have crude oil and mineral
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resources like other parts of the country, if
infrastructures are put in place and people are trained
development can be more rapid and sustainable in the
area of study. The identified contributions to
development will provide investment opportunities,
increased employment opportunities and increased
revenue for the study area. This means that
development would not have to be strictly dependent
on federal allocations and payment of civil servant
salaries; the area will be able to generate more funds
and sustain development due to capacity building.

CONCLUSIONS

The lakes are of significant importance of the
development of the Opi area and environs. The lakes
are able to support different activities that can
potentially develop the economy of the area. And as
capacity is built to harness the identified economic
opportunities of the lakes, development can be
sustainable in the study area and environs.
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