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Abstract: Water is life, especially, good quality water. In this study the qualities of major drinking water sources
in four autonomous communities in Afikpo South L. G. A. of Ebonyi State, Nigeria, were analyzed using
standard  methods  and  the  results  compared  with  WHO  (World  Health  Organization)  and NNISDWQ
(New Nigerian International Standard for Drinking Water Quality) reference standards of good quality water.
The parameters of interest were physicochemical characteristics, selected metal contents and microbial loads.
The results showed that all the physical parameters of the drinking water sources were in tandem with the WHO
and NNISDWQ recommended standard for drinking water except the turbidity of Igugu Ebunwanna and Oghu
Egbe which were highly turbid. Inorganic parameters such as nitrate, sulphate, chloride, dissolved oxygen,
electrical conductivity, calcium and sodium in all the water samples studied were quite lower than the WHO and
NNISDWQ values. For selected metals, the results showed that the values of Pb, Cd and Fe ranged between
5 to 35, 6-25 and 10.3-227 times, respectively, higher than the WHO and NNISDWQ reference values for drinking
water. The study further revealed that all the water samples were heavily contaminated with coliform bacteria
that are of fecal and non fecal origin including the following Salmonella sp, Klebsiella sp, Staphylococcus
aureus and shigella sp. In summary, this study has revealed that though water is abundant in Afikpo South
LGA, especially, in Ekoli and Nguzu, good quality water is virtually not available in Edda Land. Most of the
drinking water sources studied are not good for human consumption due to heavy metal (Pb, Cd and Fe)
contamination and microbial load burden. It therefore recommended that all water collected from these drinking
water sources should be treated before use.

Key words: Water Quality  Physicochemical Characteristics  Metal And Microbial Contamination  Edda
Land

INTRODUCTION limits set by the WHO or other national agencies

The importance of good quality water to life cannot One may become poisoned by drinking, washing or
be overemphasized. This is because of the many roles swimming in polluted water [29-31]. Over the years,
water play in human survival on earth [1-7]. Water is chemical and microbial pollution of water has been a
needed in all facet of human life: Agriculture, Industry, matter of public interest in many parts of the world,
Education, to mention a few [8-12]. No wonder our Water including Nigeria because of their health implications.
Board use the phrase ‘Water is Life’ as their motto. Cases of heavy metal (Pb, Hg and Cu, among many)
However, it is a well known fact that millions of people poisoning and outbreaks of coliform bacteria, giardiasis,
worldwide die each year of water and hygiene-related cryptosporidiosis and hepatitis A  have  been  reported.
diseases [13-21] because many people all over  the  world In addition to direct effects of water contamination on
use contaminate water. Thus the same water which is life human health, it also has high socio-economic cost.
could also be a death trap if it contains materials like toxic Millions of naira is spent annually on treating people
minerals, microorganisms and other substances that are affected  by  many  water-borne diseases and such people
harmful to life. In most part of the world, people use water may not be able to effectively participate in societal
which contains these materials in quantities above the activities.  Thus,  the  provision  and management of water

responsible for setting standards of water quality [22-28].
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for drinking and other domestic purposes are vital for the
development of any nation as these will contribute
immensely to sustainable development. In a bid to achieve
this goal, in 2005, the Federal Ministry of Health,
collaborating with the Standards Organisation of Nigeria
(the only body responsible for developing National
Standards in Nigeria) and working through a technical
committee of key stakeholders developed The Nigerian
Standard for Drinking Water Quality which covers all
drinking water except mineral water and packaged water.
However, this response is not yet felt in many parts of
Nigeria where good drinking water is a scarce commodity.

Here we report and compare the physiochemical
properties, microbial load and metal contents of the Fig. 1: Igugu Ebunwana stream in Afikpo South L. G. A.
drinking water sources from five communities in Afikpo Ebonyi State, Nigeria
South (Edda) LGA of Ebonyi State, Nigeria.The authors
previously we had only reported same for the drinking
water sources in Ekoli Edda, Afikpo South, Ebonyi State,
Nigeria, with a view to comparing the results   with  the
[27-30] standards in order to assess the safety of the
water for drinking [11]. The present work is an extension
of the earlier work [11].

MATERIALS AND METHODS

Study Area: Afikpo South is situated in the Southern part
of Ebonyi State, Nigeria. It is bounded to the North by
Afikpo North Local Government Area, to the south by
Ohaofia Local Government Area of Abia State, to the East
by Erei in Biase Local Government Area of Cross River Fig. 1: A photograph of Achi Ogba waterfall at Ekoli
State and to the West by Ivo Local Government Area of Edda, Afikpo South L. G. A. Ebonyi State, Nigeria.
Ebonyi State. It is located on 6 degrees North Latitude
and 8 degrees East Longitude. It is a hilly area despite Sample Collection and Preservation: The water samples
occupying a region of low Altitude, which rises 350 feet were collected in bottles and plastic container previously
above sea level. It is a transitional area between open cleaned by washing in non-ionic detergent, rinsed with
grassland and tropical forest and has an average annual tap water and later soaked in 10% HNO for 24 hours and
rainfall of seventy-seven inches (198 cm). finally rinsed with deionized water prior to usage [3].

Source. Ebonyi State government website this  study,  comprising  of  three   drinking  water sources

3

During sampling, sample bottles were rinsed with the
water three times. The samples were collected in three
different containers in which HNO was added to the first3

container, H SO  to the second container as a2 4

preservative to bring the pH to < 2 and no preservative
was added to the third container. Samples for dissolved
oxygen (DO) was collected with DO bottles and preserved
by the addition of manganese sulphate (MnSO ) at the4

site of the sample collection. All samples were taken to the
laboratory and stored in the refrigerator at < 4°C prior to
analysis [3].

A total of thirteen main drinking water sources in
Afikpo South LGA, Ebonyi State, Nigeria, were used for
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(Nzoagho, Iyiezi and Ochiri-borehole water) from Nguzu Microbiological Parameters Determination:
Autonomous Community, five (Achiogba fall, Ichakara Microbiological analyses were carried out between
fall, Okpu-oji, Iyi-anaya-oji spring, Olo stream and Iminika February-March, 2013. The samples were collected in
spring) from Ekoli Edda autonomous community, one accordance with water sample collections and procedures
(Iyere Okponta) from Umunna Autonomous Community, Microbiology laboratory Guide by Onyeagba, 2004.
two (Igugu and Ebunwanna-borehole water) from Coliforms in water samples were determined on the
Ebunwanna Autonomous Community and three (Ofonyi methods of APHA [5] and Onyeagb [17]. Pour plate
Amukabi, Oghu-Ekpe and Borehole-2) from Owutu Edda method was used for the  microbiological  examination.
Autonomous Community. Water samples were collected The suspected microorganisms were identified based on
and analysed between February-March, 2013. Five (5) established morphological and biochemical tests carried
liters of water samples were collected directly from each of out.
the thirteen main drinking water sources in Afikpo South
LGA mentioned previously. The water samples were Statistical Analysis: Data were analyzed by calculating
transported on ice to the Department of Mean ±SD of three replicate samples. ANOVA was used
Biochemistry/Biotechnology, Ebonyi State University, to test for differences among the samples and significance
Nigeria, for both physicochemical and microbial for of difference calculated at P<0.05.
analysis, while the samples for metal analysis were
transported to Kogi State University for analysis. RESULTS AND DISCUSSIONS

Physicochemical Parameters Determination: Taste was Water is life, especially, good quality water. The
determined by use of the tongue while odor and color results of this study have revealed that though water is
were determined by smelling and mere visual observation abundant and is not a major problem in Edda Land,
of some quantity of the water poured in a white tray based especially, Ekoli and Nguzu, good quality water is
on the method as reported by Adefemi et al. [1] and virtually not available in Edda Land. Based on the WHO
Adefemi, et al. [2]. Turbidity measurement was by [28] and NNISDQW [13] standards, none of the drinking
Nephelometric measurement which is based on water sources studied is good for human consumption
comparison of the intensity of scattered light of the and some may not even be good for any domestic uses.
sample with the intensity of light scattered by a standard The results of the physicochemical characteristics, metal
reference suspension (Formazin polymer) under similar contents and microbial loads of the major drinking water
conditions. Standard methods were also adopted for the sources in Afikpo South LGA (Edda) are presented in
determination of conductivity, temperature, pH, dissolved Tables 1, 2 and 3, respectively. These are discussed
oxygen, total dissolved solid, biochemical oxygen demand below.
using conductivity meter (Hanna conductivity meter HI
98303), Hanna thermometer, Hanna pH meter (HI 98108), Physicochemical Characteristics: Our results showed
Dissolved oxygen meter (HI 9142) and TDS meter (Hanna that, except Igugu-Ebunwanna and Oghu_Egbe Owutu
HI 9869), respectively. BOD was analyzed according to water, the physical properties (colour, taste, turbidity,
the method of ALPHA [5]. Inorganic salts (nitrate, conductivity and temperature) of all the drinking water
phosphate, sulphate and carbonate) in samples were sources met the WHO [28] and NNISDWQ [13] standards
determined using spectrophotometric and titrimetric for drinking water. The waters were clear, tasteless and
methods based on Vogel [23] and Ibitoye [12]. Metals had temperature of between 20-26 oC. But Igugu
were analyzed following the methods of Uzoukwu [22] Ebunwanna and Oghu-Egbe Owutu water had a very
using Atomic Absorption Spectrophotometer (Bulk AAS terrible to look at (Plate 1). The water appeared very
210) which involves the measurement of absorption of an brownish and highly turbid. The turbidity could be
electromagnetic radiation produced by the different attributed to the presence of dissolved organic
hollow cathode lamps characteristic of each analyzed substances in the water, which most often is caused the
metal, for example, Fe, Zn, Pb, Cu, Cd, Mg and Ni, were decayed plant and animal materials in the water body.
determined at 248.3, 213.9, 217, 324.7, 288, 285.2 and 232 These two water sources are open water and appeared
nm, respectively and the concentrations of the metals nearly stagnant as there is no visible out flow of the
were determined from the calibration curves of the water. Birds and animals which live around the
respective standard curves. surrounding bush  drink and defecate into the water; also,
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Table 1: Physicochemical Characteristics And Selected Inorganic Metal Components Of Main Drinking Water Sources In Afikpo South Lga, Ebonyi State,
Nigeria

Parameters (mg/l)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------

Water sources Color Odor Taste pH Conductivity (µs/cm) Temp (oC) DO CaCO3 SO4 NO3 Cl

Nzogho stream, Nguzu Colorless Odorless Tasteless 6.6 0.02 25 2.42 2.06 0.52 0.06 220
Iyi Ezi, Nguzu Colorless Odorless Tasteless 6.8 0.08 26 1.68 1.96 0.22 0.03 113
Ochiri borehole, Nguzu Colorless Odorless Tasteless 6.2 0.07 26 1.73 1.32 0.11 0.03 131.2
Iminika, Ekoli Colorless Odorless Tasteless 0.03 1.88 1.29 0.35 0.02 140
Olo Spring, Ekoli Colorless Odorless Tasteless 6.8 0.04 25.1 1.94 1.92 0.29 0.05 155.3
Achi Ogba, Ekoli Colorless Odorless Tasteless 6.8 0.05 26 2.13 2.1 0.34 0.04 161.02
Anya-Oji, Ekoli Colorless Odorless Tasteless 0.05 2.88 2.09 0.49 0.04 211
Okpu-Oji (Amaichakara) Colorless Odorless Tasteless 7.0 0.06 26 2.14 1.63 0.61 0.05 201.3
Ogho Colorless Odorless Tasteless 0.03 NA 2.55 2.31 0.63 0.06 232.02
Iyere Okponta Colorless Odorless Tasteless 7.0 0.02 27 1.36 1.92 0.43 0.03 197.6
Igugu-Ebunwana Colorless Odorless Tasteless 7.4 0.03 32 3.11 1.31 0.31 0.03 129.4
Ofonyi-Amukabi Colorless Odorless Tasteless 0.04 NA 1.93 1.01 0.22 0.44 138
Borehole-Owutu Colorless Odorless Tasteless 6.0 0.02 25.5 2.02 2.11 0.53 0.08 207.1
Oghu-Egbe Owutu Colorless Odorless Tasteless 6.0 0.03 26.5 2.82 2.09 0.38 0.09 211.2
WHO (2006) Colorless Odorless Tasteless 6.5-8.5 NA 27-28 6.0 NA 500 NA NA
NNISDWQ(2007) Colorless Odorless Tasteless 6.5-8.5 1000 15-27 NA 150 100 50 250

Table 2: Selected Metal Components Of Some Drinking Water Sources In Afikpo South Lga, Ebonyi State, Nigeria15,14,

Metals (mg/l)
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

water Sources Na K Ca Fe * Zn Cu Cd * Pb * Si Al F*

Nzogho, Nguzu 2.18±0.0 2.76±0.06 1.82±0.18 4.32±0.03 2.34±0.01 1.16±0.07 0.023±0.001 0.05±0.0 0.76±0.00 0.05±0.0 2.18±0.04
Iyi Ezi, Nguzu 0.57±0.03 0.66±0.1 1.64±0.25 3.09±0.04 1.04±0.04 0.82±0.04 ND 0.04±0.0 0.93±0.00 0.07±0.0 1.93±0.01
Ochiri borehole, Nguzu 2.05±0.04 0.89±0.042 1.06±0.0 4.28±0.03 2.23±0.04 1.18±0.02 0.018±0.001 0.05±0.0 1.03±0.00 0.07±0.0 2.12±0.07
Iminika, Ekoli 2.85±0.18 6.33±0.41 4.58±0.08 4.84±0.04 2.86±0.06 1.81±0.02 0.026±0.001 0.07±0.0 1.32±0.0 0.06±0.0 2.28±0.03
Olo Spring, Ekoli 1.79±0.28 3.875±0.02 2.71±0.01 4.06±0.07 2.16±0.21 1.36±0.06 0.023±0.001 0.06±0.01 0.99±0.00 0.06±0.0 1.98±0.02
Achi Ogba, Ekoli 4.62±0.01 7.39±0.04 10.08±0.09 4.7±0.01 2.65±0.06 1.82±0.01 0.041±0.001 0.15±0.01 0.98±0.00 0.05±0.0 3.0±0.08
Anya-Oji, Ekoli 4.8±0.11 3.58±0.08 2.74±0.03 4.86±0.10 2.83±0.02 1.87±0.01 0.049±0.0 0.11±0.0 1.22±0.02 0.049±0.0 2.36±0.04
Okpu-Oji (Amaichakara) 5.05±0.07 4.22±0.20 10.46±0.03 4.98±0.02 2.93±0.42 2.06±0.06* 0.052±0.001 0.17±0.01 0.76±0.00 0.06±0.0 2.12±0.05
Oghu-Ekpe 4.51±0.10 3.11±0.04 7.06±0.04 5.20.12 3.1±0.014 1.74±0.05 0.038±0.001 0.09±0.0 0.98±0.00 0.07±0.01 2.0±0.03
Iyere-Okponta 1.37±0.08 2.96±0.03 4.07±0.06 3.26±0.04 1.24±0.01 1.03±0.01 0.02±0.0 0.05±0.0 1.01±0.03 0.04±0.0 1.95±0.06
Igugu-Ebunwana 2.23±0.19 4.53±0.13 3.51±0.35 4.18±0.25 2.33±0.42 1.07±0.01 0.031±0.001 0.03±0.0 0.97±0.00 0.07±0.0 2.33±0.2
Ofonyi-Amukabi 8.83±0.16 32.13±0.16 34.91±0.01 5.64±0.02 3.68±0.04 2.06±0.07 0.070±0.001 0.29±0.0 1.02±0.03 0.07±0.0 1.86±0.2
Borehole-Owutu 12.08±0.11 42.8±0.27 56.36±0.22 6.81±0.13 4.87±0.04 2.61±0.01 0.074±0.003 0.35±0.01 1.01±0.00 0.04±0.0 1.95±0.03
Oghu-Egbe Owutu 2.15±0.92 5.63±0.24 3.93±0.04 3.28±0.09 1.21±0.01 1.18±0.04 ND 0.20±0.01 0.97±0.00 0.05±0.0 2.12±0.2
WHO 200 NA NA NA 3 2 0.003 0.01 NA 0.2 1.5
Nigeria 200  NA  NA 0.3 3 1 0.003 0.01  NA 0.2 1.5

NA = NOT AVAILABLE, ND = NOT DETECTED 
The results showed varied concentrations of metals in the different drinking water sources analysed. * indicates significantly different at P<0.05

leaves from the surrounding bush fall into and decay in Inorganic Ions Contents: The inorganic substances
the water and when it rains, water run-offs from the analysed in the various drinking water sources were pH,
surroundings flow into it. These may have contributed DO (dissolved oxygen), CaCO3 (Carbonate ion), NO3
immensely to the brownish colour. (nitrate ions, SO4 (sulphate ions), Cl and F. Our results

Electrical conductivity is a useful indicator of showed that, except fluoride, all the inorganic ions tested
mineralization and salinity or total salt in a water sample. were below the WHO [28] and [13] standards for drinking
The WHO acceptable limit for conductivity in domestic water. Thus the values of these parameters do not pose
water supply is 1000 mS/cm. The conductivity values any danger to the users of this water source, either for
obtained in this study is similar to the findings of domestic or agricultural use. The average pH obtained is
previous study on the Keiskamma River by Fatoki et al. similar to pH values obtained by other researchers in
[8]. different  parts  of  Nigeria, for instance, Adefemi, et al. [1]
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Table 3: Microbiological Characteristics Of Drinking Water Sources In Ekoli Edda, Afikpo South, Ebonyi State Nigeria

Tests
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Water Sources Motility Gram stain SSA Oxidase Catalase Coagulase Indole Lactose Sucrose Glucose Suspected

+ _ Pink _ _ + + + _ + E. coli
Iminika + _ None _ _ + + + _ + Shigella sp

+ _ None _ _ + + + _ + Salmonella sp
+ _ None  _  _ +  +  +  _  +  S. aureus sp

+ _ PINK _ _ + + + _ + E. coli
Olo Spring + _ None _ _ + + + _ + Shigella sp

+ _ Black _ _ + + + _ + Salmonella sp
+ _ None _ - + + + _ + S.aureus sp

_ _ colorless _ _ + _ _ _ + Shigella sp
AchiOgba + _ Black _ _ + _ _ _ + Salmonella sp

_ _ None _ _ + + + + + Klebssella sp
_ + None _ + + _ _ +  + Staphyloccocus

+ _ Pink _ _ + + + _ + E. coli
Anya Oji + _ Black _ _ + _ _ _ + Salmonella sp

_ _ None _ _ + + + + + Klebssella sp
 _  +  None  _  _ +  _  _  +  +  S. aueus sp

+ _ PINK _ _ + + + _ + E coli
Okpu Oji + _ black _ _ + _ _ _ + Salmonella sp

_ _ None _ _ + + + + + Klebssella sp
_ + None _ + + _ _ +  + S. aureus sp

+ _ PINK _ _ + + + _ + E coli
Ogho Ichakara _ _ Black _ _ + + _ _ + Salmonella sp

_ _ None _ _ + + _ + + Klebssella sp
 _  _  None  -  _ +  +  +  +  +  S. aureus sp

The table show common species of microorganism found in the different drinking water sources in Afikpo South LGA 

Table 4: Microbiological Characteristics Of Drinking Water Sources In Ebunwann And Owutu Edda, Afikpo South, Ebonyi State Nigeria

Tests
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Water Sources Motility Gram stain SSA Oxidase Catalase Indole Coagulase Lactose Sucrose Glucose suspected

_ _ Colorless _ _ _ + _ _ + Shigella sp
Igugu-Ebunwana _ _ Black _ _ _ + _ _ + Salmonella sp

_ _ None _ _ + + + + + Klebssella
_ + None _ + _  + _ + + S. aureus

_ _ Colorless _ _ _ + _ _ _ Shigella Sp
Ofonyi-Amukabi _ _ None _ _ + + + + + Klebssell sp

_ + None _ + _ + _ _ _ S. aureus

_ _ colorless _ _ _ + _ _ _ Shigelle sp
Borehole-Owutu _ _ None _ _ + + + + + Klebsselle sp

_ + None _ + _ + _ _ _ S. aureus

_ _ Colorless _ _ _ + _ _ + Shigelle sp
Oghu-Ekpe _
Owutu _ _ None _ _ + + + + _ Klesselle sp

_ _ None _ _ _ + _ _ + S. aureus

The table show common species of microorganism found in the different drinking water sources in Afikpo South LGA
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Table 5: Microbiological Characteristics Of Drinking Water Sources In Nguzu And Okponta Edda, Afikpo South, Ebonyi State Nigeria

Tests
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Water Sources Motility Gram stain SSA Oxidase Catalase Coagulase Indole Lactose Sucrose Glucose suspected

- _ Colorless - _ + _ _ _ + Shigella sp
+ + Black _ _ + _ _ _ + Salmonella sp

Nzoaho _ _ None _ + + _ + + + Klebssella sp
_ _ None + +  + _ _ + + S. aureus

_ + None _ _ + _ _ _ + Bacillus sp
Iyi Ezi _ _ Colorless _ _ + _ _ _ + Shigella sp

_ _ Black _ _ + _ _ _ + Salmonella
_ _ Colorless + _  + + + + _ Klebssella

+ + Pink + + + + _ + + E. coli
Ochu borehole + + Black + + + + + + + Klebssella sp

+ + None + + + _ _ _ _ Salmonella sp

_ _ Pink _ _ + _ _ _ + Bacillus sp
Iyere Okponta _ _ Black + _ + _ _ _ + Shigella sp

_ _ None _ + + _ + + +

The table show common species of microorganism found in the different drinking water sources in Afikpo South LGA 

and Adefemi and Awokunmi [2] who had independently Selected Metals: The metals of interest were Na, Ca, K,
worked on water samples from Ureje, Egbe, Ero and Itapaji Al, Fe, ZN, Cu, Pb and Si (Table 2). The results showed
dams, all in Ekiti State as well as water samples from wells that the values of Na, Ca, K and Al were within or below
and Ona river in Itaogbolu area of Akure North local the recommended reference values. Therefore, they do not
Government area, Ondo State Nigeria. The importance of constitute any adverse health effects to the people of
chlorine in drinking water cannot be overemphasized. It Edda who use them for various domestic purposes.
gives a measure of protection against any contamination The values of Zn, Fe, Cu, Pb, Cd and Si were widely
which may occur. The low state of this ion in the water distributed among the thirteen different water sources and
samples studied implies that it cannot be kept for a long the reference standards. In some water sources, the
period before consumption because there are chances of quantities were quite higher than the recommended WHO
it being polluted [20]. Dissolved oxygen is an important standard, while in others, they were within the acceptable
factor used for water quality control. The effect of waste limits. For instance, Amaichakara water was found to
discharge on a surface water source is largely determined contain Fe, Zn, Cu, Cd and Pb values 16, 5, 41, 17 and 3.3
by the oxygen balance of the system and its presence is times, respectively, higher than the WHO standards.
essential in maintaining biological life within a system. Achiogba water fall contained Fe, Cd and Pb values 15,
Dissolved oxygen concentrations in unpolluted water 13.8 and 15 times, respectively, higher than the
normally range between 8 to 10 mg/L and concentrations recommended limits. For Iyere Okponta water, Pb, Cd and
below 5 mg/L adversely affect aquatic life. DO standard Fe values were 5, 6.7 and 10.9 times, respectively, higher
for drinking purpose is 6 mg/L whereas for sustaining fish than the WHO [28] and NNISDWA [13] recommended
and aquatic life is 4-5 mg/L Rao[19]. DO values of all the values for drinking water. For Olo spring, Fe, Cd and Pb
water samples were below the WHO standard. Sulphate were 13, 8, 5 times, respectively, higher than WHO and
and nitrate values were 1000 and 345 times, respectively, NNISDWQ limits. In Igugu Ebunwanna, Fe, Zn and Cd
lower than the WHO [28] and NNISDWQ [13] values. were 8.36, 4.66 and10 times higher than the recommended
Fluoride was also found to be about two times higher the WHO values. For Okpu-oji Ekoli, Fe, Zn, Cu and Cd were
reference values. It is expected that prolonged 16.53, 2.96, 2.01 and 17 times higher than the WHO values.
consumption of the affected water will lead to fluoride Iyi-ezi Nguzu contained Pb and Zn in excess of 13.33 and
accumulation in the skeleton and affects many reactions 34.5 times, respectively; Ochiri-borehole, Nguzu,
involving Ca in humans including blood clotting, contained Cd, Pb and Fe in quantities 353.33, 5, 86-14.33
memebrane permeability, nervous system functions and times, respectively, higher than WHO values; Nzogho
cholinesterase activity Yu [30]. This is dangerous for the Nguzu contained Fe and Zn in quantities 14.4 and 2.34
users of these water sources. times higher than the reference values; Owutu borehole
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contained Pd and Fe in excess of 2 and 11.13 times, Oji>Achiogba>Ogho>Igugu>Ochiri borehole
respectively, higher than the WHO values. Oghu-egbe (Nguzu)>(Nzogho, Olo)>Iyere Okponta. It is therefore
stream contained Fe and Pb in quantities 11.13 and 19 evident that prolonged use of these sources, as is the
times, respectively, higher than the WHO recommended case presently, because of lack of alternative sources of
values. water in Edda Land, exposes the people to the risk of Cd

In all, the results have shown that Pb, Cd, Fe, Cu and intoxication via bioaccumulation. Cd is one of the major
Zn are found in most of the drinking water sources in toxic metals with multiple effects. Cd is transported in the
quantities above the WHO [28] and NNISDWQ [13], blood by binding to red blood cells and high molecular
reference values. These implications of high levels of weight proteins in plasma, particularly albumin Goyer and
these metals in the water samples studies will be the Clarkson [10]. Cadmium poisoning is associated with
centre of our discussions here. The levels of Pb ranged kidney disease, hypertension, tracheobronchitis,
between 5 to 35 times higher than the WHO [28] and pneumonitis, pulmonary edema and possibly mutation Yu
NNISDWQ [13] in  all  the  drinking  water  sources [30] and WHO [27]. The principal long-term effects of low-
studied. The lowest value (0.0.03 mg/l) was found in level exposure to Cd are chronic obstructive pulmonary
Igugu-Ebunwanna and the highest value in Owutu bore disease and emphysema and chronic renal tubular
hole water (Owutu Edda). Comparatively, the order of disease; it also affects the cardiovascular, renal and
magnitude of occurrence of Pb among the water samples skeletal systems (Goyer and Clarkson, 2001). It is thought
studied was Owutu borehole>Ofonyi owutu>Oghu-egbe that the likely course of high level of  Cd  in  these
Owutu>Okpuji Amaichakara Ekoli>Achi-Ogba drinking water sources stems from the geology of the
Ekoli>Anaoji spring Ekoli>Iminika Ekoli> Olo place. The present report also confirms the earlier report
Ekoli>(Ochiri Borehole Nguzu, Nzogho Nguzu, Iyere that some drinking water sources in Ekoli Edda contained
Oggwuma)>Iyi Ezi Nguzu>igugu Ebunwanna. In our high level of Cd Ibiam et al. [11]. Due to high
earlier work Ibiam et al. [11] we had reported high level of concentration of cadmium in the water people of Edda are
Pb in Achi-Ogba water fall (Ekoli), which was one of the likely to suffer from the Cd-related ailments enumerated
water samples from Ekoli analysed. Pb is a known above and flu-like symptoms including chill, fever and
systemic poison Yu [30] WHO [24]. The toxic effects of muscle ache, sometimes referred to as “the cadmium blues
excessive Pb levels in humans include significant damage WHO [27].
on the brain of both adults and infants, low synthesis of These results also showed that Fe level in all the
hemoglobin, gastrointestinal tracks, acute damage to drinking water sources tested was between 10.3 to 227
nervous system and neuropsychological development in times higher than the recommended Nigeria standard of
children, poor muscle co-ordination, damage  to  the drinking water NNISDWQ[13], with the lowest level
nervous system, kidneys and or hearing, speech and (3.09±0.04 mg/l) found in Iyi-ezi (Nguzu)  while  the
language problems, developmental delay, seizure and highest level (6.81±0.13 mg/l) was found in Borehole
unconsciousness, to mention but a few Noaries, et al. (Owutu). The order of abundance of Fe among the
[14]. Pb in the environment arises from both natural and drinking water sources was Owutu-Borehole
anthropogenic sources. The major exposure pathway is (Owutu)>Ofonyi Amaukabi>Ogho>Okpuoji Amaichakara
from water and food Yu, [30]. This report highlights the (Ekoli)>Anya-Oji (Ekoli)>Iminika stream
danger the people of Edda are exposed to as there are no (Ekoli)>Achiogba>Nzogho stream (Nguzu)>Ochiri-
alternative sources of drinking water. There is no pipe- borehole (Nguzu)>Igugu Ebunwanna>Olo Spring
borne water in the whole of Edda Land. Thus the people (Ekoli)>Iyere Okponta>Iyi-ezi (Nguzu). The values show
have no choice other than to continue to drink from that the water samples are rich in iron. Fe is one of the
untreated and Pb-contaminated water, which often result essential metals with potential for toxicity. Chronic effects
in Pb accumulation in the body and its consequent health of Fe overload include disturbances of liver functions,
implications such as damage on the brain of both adults endocrine disturbances and cardiovascular effects;
and infants and heart related diseases WHO [24]. increased lipid peroxidation occurs, with consequent

Except Iyi-ezi stream (Nguzu), Cd level in all the membrane damage to mitochondria, microsomes and other
drinking water sources studied, was 6 to 25 times higher cellular organs Goyer and Clarkson  [10]  and  Yu [30].
than the recommended  WHO  and  NNISDWQ  levels. This result is in conformity with what was reported by
The order of Cd load among the water sources was Nwajei and Gagophien [15] together with Asaolu and
Borehole Owutu>Ofonyi Amaukabi>Okpu-Oji>Anya- Olaofe [7] that had earlier concluded that iron occurs at
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high concentration in Nigeria soil. With daily use of the Shigella sp, Diarrhoea caused by Salmonella sp as well
water for various domestic purposes, Fe will eventually as Typhoid fever caused by Staphyllococcus sp Prescott
accumulate in the system leading health degeneration et al. [18]. The presence of pseudomonas species in the
among the people, as enumerated above. water sample can lead to urinary tract, wound, respiratory

The results show that there is minimal possibility of and eye infections Ochei [16].
Cu contamination as a result of drinking from these waters
based on WHO [28] standard. However, using the CONCLUSION
NNISDWQ [13] standard raises some concern for water
sources such as Owutu borehole, Ofonyi-Amaukabi and We conclude that there is a great potential risk of
Okpu-oji (Amaichakara) spring, which have about two heavy metal intoxication and microbial infections as a
times the quantity recommended for portable water. result of drinking from the various water sources in
Prolonged use of these sources of water may lead to Afikpo South LGA studied here and hence they are not
bioaccumulation of Cu in the system and result in system suitable for domestic purposes except they are first
breakdown. Cu build-up interferes with proper conversion treated. It is therefore recommended that, as a short-term
of thyroid hormone at the cellular level, disturbs zinc measure, all water collected from the various drinking
balance, interfering with adrenal hormone production and water sources should be treated before use; the
this weakens the immune system, inhibits cortisol government is encouraged to provide pipe-borne water in
production which causes hypoglycemia and increased all the communities in Edda.
inflammation and increases aldosterone production which
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