
World Applied Sciences Journal 35 (10): 2252-2258, 2017
ISSN 1818-4952
© IDOSI Publications, 2017
DOI: 10.5829/idosi.wasj.2017.2252.2258

Corresponding Author: Achalu Chimdi, Wollega University, College of Computational and Natural Sciences, 
P.O.Box:395, Nekemte, Ethiopia. 

2252

Status of Some Selected Heavy Metals Concentration in River Water Nearby Nekemte Town

Fikru Beyene and Achalu Chimdi

Wollega University, College of Computational and Natural Sciences, P.O.Box:395, Nekemte, Ethiopia

Abstract: Heavy metals are highly reactive and often toxic at high concentrations. They may enter to water and
easily soluble to increase toxicity. The present study was designed during 2015 using random sampling
technique to evaluate the  status  of  heavy  metals  concentration  into  the  rivers  nearby  Nekemte  Town.
Nine representative water samples were collected from three different study sites (Hadiya River, Laga Mariam
and Sorga Lake). The heavy metals contamination in waters was evaluated by calculating pollution index and
measuring pH for water samples. The Flame Atomic Absorption Spectrophotometer was used for the
characterization  of  concentration  of  heavy  metals  and pH meter for pH prediction. Results revealed that the
average  variation  of  concentration  of  heavy  metals  in  the  present  study  sites were ranged from 0.25 to
0.29 mg L  and 0.03 to 0.08 mg L  for Fe and Mn in rivers, respectively. This quantitative expression indicates1 1

that the concentration of heavy metals such as, Mn and Fe were found below the contamination level, whereas
concentration of Cr and Cu were not detected in limit concentration and also average value of pollution index
indicate that the rivers were unpolluted. The result of pH of the representative water samples revealed that water
samples of the study sites were moderate to slightly acidic. This low pH indicates that there is a leaching of
acidic soil released from the surrounding area of the rivers nearby Nekemte Town. In general concentration of
the measured heavy metals ion in water samples taken from the river nearby Nekemte Town were lower than
the international guidelines recommended by WHO/FAO.
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INTRODUCTION growth but also contain heavy metals which may be lethal

Heavy metals are defined as elements in the periodic higher than permissible limit [2]. 
table having high atomic number, atomic weight, specific Determination of the heavy metal concentration is
gravity greater than five and atomic densities of more than crucial for the purpose of reducing the risk of over dosage
5 g/cm  generally excluding alkali metals and alkaline earth of those heavy metal ions. They are serious pollutants3

metals [1]. The environmental problems associated with because of their toxicity, persistence and non-
heavy metals are due to their undestroyable character and degradability in river environment. Though some metals
most of them have toxic effects on living organism when like (Cu, Fe and Mn) are essential to life, many other
exceeding their limited concentration. Water is required by metals like (Cr) have very dangerous effects if present
all living things for their survival and existence on this above limit amount [4]. Although organisms are generally
planet. From the total available water, about 6% water is able to regulate small amounts of essential elements such
used for domestic, 3% for industrial and 90% of available as: Cu, Fe, Mn are required by organisms in small amounts
water is used for irrigation purposes [2]. Pollution of but in excess these metals may become toxic. Essential
ground water and surface water systems through and non-essential classes of metals may accumulate in
anthropogenic activities is the major environmental tissues with potential to transfer to higher trophic levels.
problem faced all around the globe [3]. In developing They have become essential elements disturbing the
country like Ethiopia using irrigation water, wastewater normal functions of water, due to their characteristics of
and large amount of fertilizers for production of high serious toxicity, difficult degradation and high
yields are common. Wastewater which contains both concentration. Most of the heavy metals are extremely
organic and inorganic elements is essential for plant toxic because of their solubility in water [2]. 

for animals and humans if their concentrations become



World Appl. Sci. J., 35 (10): 2252-2258, 2017

2253

Heavy metal contamination of river is a worldwide MATERIALS AND METHODS
environmental problem [5]. Today, water quality
monitoring has become a matter of great concern in river Description of the Study Area: The study was conducted
water systems affected by disposal of urban effluents. in Nekemte Area, East wollega Zone, Oromia National
Runoff atmospheric deposition, domestic and industrial Region State, in Western Ethiopia. The District is situated
effluent discharges are the major sources of aquatic at a road distance of 310 km from the capital, Addis
pollution [6]. The wastewater from town drop forward to Ababa, 08° 59° and 09°06` north latitude and 37° 09° and
the study site rivers and the presence of intensive human 37° 51` East longitude. Sampling area of the study was
activities in urban areas have worsened the problem of Laga Mariam, Sorga Lake (Haro Sorga) and Hadiya River
heavy metal contamination in urban water. These, heavy water. The location map of the present study sites is
metals contamination of the urban environment can have given in Fig. 1.
long-term and far-reaching environmental and health
implications [7]. In view of the hazardous nature of heavy Instruments  and  Chemicals:  A  ZEEnit700P  model
metal ions, an attempt has been made to study the Flame Atomic Absorption Spectrophotometer (FAAS)
concentration of selected heavy metal in river nearby (analic JENA, Germany), instrument used, four lamp
Nekemte Town and its tributaries. So far no detail positions  and  automatic  lamp  selection, was used for
scientific research works on the evaluation of the status the determination of Cu, Cr, Fe and Mn. The chemicals
of some selected heavy metals concentration within rivers used  were  70%  HNO (BDH, England), 37% HCl (Riedel-
nearby Nekemte Town have been studied yet. Therefore de Haen, Germany) and calibration standards
to fill the gap, present study was initiated with main (SPECTROSCAN, Industrial Analytical (pyt) Ltd, South
objective of the evaluation of the status of some selected Africa) for the metals Cr, Cu, Mn and Fe. Plastic (PE or PP)
heavy  metals concentration in river water nearby wide-mouthed extraction bottle, digital pH meter, different
Nekemte Town compared with WHO/FAO guidelines volumes of volumetric flasks, pipettes and beakers were
concentration. used during the present experimental study.

3

Fig. 1: Location map of the study area.
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Sample Collection, Preparation and Analysis: Samples of metal in water samples and the WHO maximum tolerable
waters were collected in replication from the selected value for that metal. Pollution Index expresses how many
locations (Laga Mariam, Sorga Lake and Hadiya River) times the concentration of the individual metal was higher
during March to May. Representative River water samples than the WHO maximum tolerable value for that metal in
were collected randomly in zigzag way from ten sub the water samples. Pollution Index was calculated by
location areas for each study sites composited in three using the formula given below. Pollution index is
different one liter plastic bottles container from river designated as .
nearby Nekemte Town. Collected samples were brought
to the laboratory, centrifuged to remove the suspended
particles, filtered through 0.45 mm micro pore filter sand (1)
and preserved with 1.0 mL 70% HNO . Analysis of heavy3

metals viz., Cu, Cr, Mn and Fe was conducted using flame Where C is concentration of individual metal in water
Atomic Absorption Spectrophotometer according to the sample;  WHOS  is  World  Health  Organization  standard;
standard method of APHA [8]. To carry out this analysis,  is Pollution index. The sample analysis was carried out
the sample was thoroughly mixed by shaking and 100 mL by calculating pollution Index and related results with
of it was transferred into a glass beaker of 250 mL volume, WHO data.
to which 5 mL of concentrated HNO was added and3

heated to boil. The filtered samples were stored in a Data Analysis and Interpretation: The data obtained from
refrigerator to minimize volatilization and biodegradation each parameter of water samples were analyzed to assess
between sampling and analysis [8]. Triplicate 50 mL water the changes in various parameters of the study as
samples with a reagent blank were collected in three 250 described [9]. The mean value of data comparison design
mL conical flask; 10 mL HNO was added to each conical was applied on the data to assess the significance of3

flask. The samples thus preserved were brought to Addis different sources of variation and compared with
Ababa University chemistry department Laboratory for Duncan`s Multiple Range test (DMR) using Statistical
heavy metal (Cr, Cu, Fe and Mn) analysis using FAAS. software Package (Microsoft excel package) were

Preparation  of  Standard  Solutions  for  Calibration:
Stock  standard solutions containing 1000 mg/L of Cu, RESULTS AND DISCUSSIONS
Mn, Fe and Cr (SPECTROSCAN, Industrial Analytical
(pty) Ltd, South Africa) were used for preparing working Instrumental working of heavy metals analysis of
standards (0, 0.25, 0.50, 1.0, 1.5, 2, 3 and 4 mg L ). Using water samples were standardized for calibration and result1

a micro pipette, exactly 1.00 mL of the 1000 mg L  stock of each heavy metal expressed on this bases. The1

standard was poured into a labeled 100 mL volumetric instrument working condition and detection limits are
flask; 20 mL concentrated hydrochloric acid was added to presented in Table 1 below.
the  flask  and diluted to the mark with distilled water. The pH of river water of the study areas (Laga
Then 0, 2.5, 5.0, 10.0, 15, 20, 30 and 40 mL of 10 mg L Mariam, Sorga Lake and Hadiya River) were 5.6, 6.5 and1

working standard was added in clean 100 mL volumetric 6.3 respectively and ranged in the rating of moderate to
flasks for preparing 0, 0.25, 0.50, 1.00, 1.50, 2.00, 3.00 and slightly acidic. The acidity of the water sample may be due
4.00 mg L  working standards, respectively. Analyses of to the leaching of acidic soil from the surrounding areas1

the water samples were performed after determining the of the rivers. The pH of surface water forms part of a
detection limits of instrument. The detection limits for dynamic system controlled by a range of buffering
analytical methods for water sample was obtained from reactions occurring in solution and at the solid solution
three times the pooled standard deviation, i.e., mean ± interface, which produce or consume hydrogen ion. The
three significant figures of six determinations of the pH of rainwater is an important control on surface water
reagent blanks. pH and this shows considerable spatial and temporal

Pollution Index of River Water: Pollution Index (PI) of the anions such as sulphate and nitrate, the pH of rainwater
representative water samples of present study was is naturally acidic (pH 5.65 to 5.7), equivalent to pure
calculated as the ratio of the concentration of individual water  in equilibrium  with atmospheric levels of CO  [10].

performed.

variation. In the absence of pollutants and strong acid i.e.

2
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Table 1: Instrument working condition and detection limits.
Element Cr Cu Fe Mn
Lamp current (mA) 4 2 3 3
Fuel C H C H C H C H2 2 2 2 2 2 2 2

Support Air Air Air Air
Wave length (nm) 357.9 324.7 248.3 275.9
Slit width (nm) 0.2 1.2 0.2 0.2
Instrument detection limit 0.01 0.007 0.006 0.002
Water (mg L ) 0.02 0.01 0.02 0.021

r 0.9999 0.9728 0.9789 0.98732

Linear equation Y = 0.09x +0.001 Y = 0.30x – 0.033 Y = 0.26x + 0.068 Y = 0.22x + 0.004
MDL(water) ND ND 0.017 0.032
r  = coefficient of determination; MDL = Method Detection Limit; ND = Not Detected2

Table 2: Heavy metal concentrations (Mean ± SD) in water samples (mg L ).1

Laga Mariam Sorga Lake Hadiya river
Metal Mean ± SD Mean ± SD Mean ± SD WHO FAO
Cu BDL BDL BDL 2.00 0.20
Cr BDL BDL BDL 0.05 0.10
Mn 0.08 ± 0.018 0.03 ± 0.008 0.05 ± 0.008 0.50 0.20
Fe 0.29 ± 0.027 0.25 ± 0.004 0.23 ± 0.007 0.30 DW 5.00
DW = drinking water; FAO = Food and Agriculture Organization; WHO = World Health Organization; BDL = Below Detection Limit

Table 3: Pollution indices (PI) of the heavy metals in River water.
Sampling site Laga Mariam Sorga Lake Hadiya river
------------------ ----------------------------------------------- ------------------------------------------------- ---------------------------------------------
Parameter Cu Cr Mn Fe Cu Cr Mn Fe Cu Cr Mn Fe
PI(WHO) ND ND 0.17 0.97 ND ND 0.05 0.84 ND ND 0.09 0.75
PI(FAO) ND ND 0.42 0.06 ND ND 0.13 0.05 ND ND 0.23 0.05
ND = Not Detected

Table 4: Pearson’s correlation coefficient of heavy metals in Water samples.
Laga Mariam Sorga Lake Hadiya river
---------------------------------- ------------------------------------ --------------------------------

Metal Mn Fe Mn Fe Mn Fe
Mn 1 1 1
Fe 0.99 1 0.94 1 0.94 1

Further controls on surface water pH include the highly toxic. The Cr concentration in the river water of the
abundance of base cations and other neutralizing present study was recorded below the detection limit of
components in bedrock and overburden, how easily such the instrument. The metal concentration in water samples
components are leached and the nature of their mediation is not detected at standardized condition by using FAAS.
through soil and vegetation. The pH value of Laga These indicate that when Cr concentration compared with
Mariam indicate more acidic is associated with the others it is almost negligible. Therefore, the findings
hydrolysis reactions of Fe oxides. Additionally low pH indicate that the result indicates good agreement with the
value in surface water are commonly associated with ‘acid recommended limits given by Ewers for water [11]. There
mine drainage’ - metal-rich water produced by the was no significant pollution among the sampling of the
chemical reaction between water and rocks containing present study. Toxic effects of Cr in human are attributed
sulphur-bearing minerals. primarily to this hexavalent form [12]. Research work done

The variation of the concentration of heavy metals in by BIS [13] has recommended the acceptable limit of 0.05
nine different samples collected from Laga Mariam, Sorga mg L  of Cr in water. 
Lake and Hadiya Rivers are replicated water shown in In the   present   study,   concentration   of Fe
Table 2. ranged  from   0.26   to  0.31  mg  L   in  Laga  Mariam;

Chromium (Cr) in trace quantities is an essential 0.22 to 0.26 mg L  in Sorga Lake and 0.25 to 0.26 mg L
element in human nutrition. However, at the in  Hadiya   River.   The   mean  concentration values  of
concentrations employed in laboratory work element is Fe  in  Laga  Mariam, Sorga  Lake  and  Hadiya River were

1

1

1 1
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0.29, 0.25 and 0.23 mg L  respectively. The result of Fe drinking water has been established on the basis of health1

concentration was relative with the recommended WHO considerations.
limit for water and below the FAO limit for irrigation water.
The occurrence of Fe in river water ranges 0.25 - 0.29 mg Pollution Index of River Water: To evaluate the ratio of
L . The concentration  of  Fe  was  maximum  (0.29  mg the concentration of individual heavy metals in water1

L ) at Laga Mariam and minimum (0.23 gm L ) at Sorga samples were collected from river nearby Nekemte Town1 1

Lake when three sites of study compared. The higher Fe with the WHO maximum tolerable value for those metals
concentration observed in Laga Mariam that is greater in the water. The values for the pollution index calculated
than acceptable limit concentration of WHO during rainy are presented in Table 3. 
season. The concentration of Mn and Fe were observed to be

The Cu in the aquatic environment is related to below WHO  and  FAO  standard  concentration  limit.
automobile traffic. It has a tendency to form complexes Their ranges of occurrences are 0.03 - 0.08 mg Mn
with  organic  species  present  in  water.  In present L with a pollution index range of 0.05 to 0.17 which are
study, the concentration of Cu in Laga Mariam, Sorga not  exceeding  the  WHO  standard  of  0.5  mg  L  and
Lake  and  Hadiya  River water were found below Fe (0. 23 to 0.29 mg L  with pollution index  of  0.75  to
detection limit concentration, which is below the 0.97) not exceeding the WHO standard of 0.30 mg L .
recommended  WHO  limit  for  drinking  water and the According to FAO, also they are below the standard.
FAO limit for irrigation water [14]. Bureau of Indian However, Cu and Cr were undetected in Laga Maraim,
Standard  (BIS)  [13]  has  recommended  an acceptable Sorga Lake and Hadiya River. The absence concentration
limit of 0.05 mg L  of Cu in River  water; this of the contaminants in all sampling areas of the present1

concentration  limit  can  be  extended  to  1.5  mg  L   of study around could be attributed to steady inflow and1

Cu in case no alternative source of water with desirable outflow of water.
concentration is available. The intake of large doses of The correlation coefficient of heavy metals shows
copper  has  result  in  adverse  health  effects  [15]. In their level of association from specific sources. Mn/Fe
Laga  Mariam,  Sorga  Lake  and  Hadiya  River  all  the (0.99, 0.94 and 0.94 in Laga Mariam, Sorga Lake and
water quality stations  having  non-detected  copper Hadiya  river   respectively)    has    strong   correlation.
concentration are within the acceptable limits of BIS, Mn expressed a strong positive correlation with Fe. The
WHO and FAO. strong correlation indicates that the two elements have

Manganese (Mn) greensands are used in some common sources [16].
locations for potable water treatment. It is an essential In general the correlation coefficients of heavy metals
element for humans and animals. In the present study, the ratio results indicated more concentration of heavy metals
concentration of Mn in water was found in the range of were found in different sites with similar metal showed
0.06 to 0.10 mg L  in Laga Mariam, 0.02 to 0.03 mg L  in that Laga Mariam greater than Hadiya river and Sorga lake1 1

Sorga Lake and 0.04 to 0.05 mg L  in Hadiya River, which in concentration of Mn and Fe in river water sample1

is below the recommended WHO limit for drinking water showed in Fig. 2. High Fe concentration in water was
and the FAO limit for irrigation water [14]. The maximum found around Nekemte Town. This is due to high
acceptable  concentration  of  0.50   mg   L    for   Mn  in abundance percentage of Fe exist in earth crust. 1

1

1

1

1

Fig. 2: Correlation of Mn and Fe concentration in water samples of study area
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CONCLUSION 2. Ajmal, K., J. Shahid, M. Atif, M. Tahir, N. Abid and

Quantitative analysis of heavy metals  was
conducted for the samples in Laga Mariam, Sorga Lake
and Hadiya Rivers nearby Nekemte Town. Results of the
present study revealed that different sampling sites have
heavy metals in different concentrations. The order of the
mean concentrations of tested heavy metals in water
samples were found Fe greater than Mn but, not detected
under prescribed concentration for Cu and Cr in river
water. The status of Fe in Laga maraim during rainy
season faces the higher concentration than the acceptable
global standards of water. The mean levels of the
concentration of Cu, Cr, Mn and Fe in Laga Mariam, Sorga
Lake and Hadiya River are apparently less than the
permissible limits set by WHO/FAO for water. The
stronger correlations among Fe and Mn indicate that
these metals have common sources. The pollution results
indicate that there is no total over pollution of those
heavy metals. The present study suggests that even
though there are low heavy metal concentrations in the
river/ irrigation water, heavy metals long term use and
there  is  indicator  of  increment in concentration can
cause  trace metal contamination through bioaccumulation
in water may resulting to health risk. The recommended
methods of  protecting  our  environment from heavy
metal  contaminated  rivers are   continuous  monitoring
of  heavy  metals  in  urban  water  systems  from  source
of  Wastewater  production  to the site of consumption
was recommended to identify sources of possible
pollutions in water resources or in the distribution
network. Attention is needed for keeping environment
from pollution of water by heavy metals. Mainly, the full
scale risk assessment on the use of unsafe water supply
quality monitoring to regulate the urban waste disposal
along the river banks for the sustainable use of Nekemte
River.
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