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Abstract: This study aims at assessment of sediment contamination by cobalt (Co), manganese (Mn) and lead (Pb) in 
four sampling points at the bank of Komodugu River in Gashua, Yobe State. After microwave digestion of the sediments, 
the extracts were analyzed for Mn, Co and Pb. Concentrations of Mn, Co and Pb, were below the limits set by the World 
Health Organization (WHO), United States Environmental Protection Agency (USEPA), Average Shell Value (ASV), 
Toxicity Reference Value (TRV), Indian River System (IRS) and World River System (WRS). The contamination factors as 
well as the degree of contamination of Mn, Co and Pb indicated low contamination of the sampling sites by Hakanson 
(1980) classification. The geo-accumulation indices of the metals were all negative, indicating that the sample sites were 
practically uncontaminated with the elements by Muller (1979) classification.  
Keywords: Assessment; Sediment; Geo-accumulation indices; Hakanson (1980) classification; Muller (1979) 
classification 

 

     

1. Introduction 

Heavy metal pollution has gradually become a major concern worldwide. Nowadays, 
anthropogenic activities are the major causes of contamination of water columns of rivers and 
lakes (Theofains et al., 2001; Arribere et al., 2002). In aquatic environments, heavy metal is 
usually distributed in the order: of water-soluble species, colloids, suspended forms and 
sedimentary phases. However, unlike organic pollutants, natural processes of decomposition do 
not remove heavy metals (Akcay et al., 2003; Susana et al., 2005).  On the contrary, they are 
usually enriched in sediment by organisms or some other compounds. In some conditions, more 
than 99% of heavy metal entering into river can be stored in river sediments in various forms. 
However, heavy metals cannot be fixed in sediment forever. With the variation of the physical–
chemical characteristics of water conditions, part of these fixed metals will re-enter the overlying 
water and become available to living organisms. Thus, sediment often acts as both carriers and 
potential sources of metals in aquatic environments (Theofains et al., 2001).  
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2. Materials and Methods 

2.1 The Study Area 

       The Yobe River, also known as the Komadugu Yobe River  is a river in West Africa that flows 
into Lake Chad through Nigeria and Niger. In Yobe State, it is located on longitud12º52´N and 
latitude 10º58´E in Gashua, Bade Local Government Area. Its tributaries include River Hadejia , 
River Jama'are , and the Komadugu Gana River. The river forms a small part of the international 
border between Niger and Nigeria with 150 km and flows a total of 320km (KYBP, 2006). There are 
concerns about changes in the river flow, economy and ecology due to upstream dams, the largest at 
present being the Tiga Dam in Kano State, with plans for the Kafin Zaki dam in Bauchi State (NPC, 
2006). The River Yobe provides a means of subsistence for hundreds of thousands of people who 
work in a variety of commercial and agricultural endeavours along its almost 200 km length in the 
state's northern region, which spans seven local government areas (LGAs) from Nguru to Yunusari.  

Notable towns near the river include Gashua, Geidam and Damasak in Nigeria, and Diffa in Niger 
(Wakawa et al, 2017). 
 

                    

                                        Figure 1: Catchment Area of the Komadugu River 

2.2 Instruments, Apparatus and Reagents  
All equipment and instruments used in this research were calibrated before conducting the 
experiments. All glassware used were thoroughly washed with detergents and tap water and then 
rinsed with deionized water. Suspected contaminants wares were cleaned with 10% concentrated 
nitric acid (HNO3) and metal surfaces rinsed with deionized water. The digestion tubes were soaked 
with 1% (w/v) potassium dichromate in 98% (v/v) H2SO4. 
In preparation of reagents, chemicals of analytical grade purity and distilled water were used. All 
glassware and plastic containers were washed with detergents.  
 
2.3 Digestion of Sediment Samples  
The sediment samples were allowed to dry in a hot oven (Model 30GC). After removing the debris 
and grinding into fine powder by using a porcelain mortar and pestle, it was sieved through a 2mm 
mesh. A microwave digester (Master 40 serial No: 40G106M) was used in digesting the sediment 
samples in a digestion tube to which 0.1g of sample was added at a time, followed by 6mL of 65% 
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HNO3 and 2mL of 30% H2O2 and allowed to stand for a while. The digestion was carried out at 
180C, 1800W in a time of 30mins.The digestion was followed by cooling at room temperature in 
the microwave and the sample was diluted with de-ionized water. Potential presences of selected 
heavy metals in chemicals used in digestion were determined. Blanks were used simultaneously in 
each batch of the analysis to authenticate the analytical quality (SINEO, 2013). 

  2.4 Atomic Absorption Spectrometric Analysis   

The sediment extracts were analyzed for cobalt (240.7nm), manganese (279.5nm) and lead 
(283.5nm) using flame atomic absorption spectrophotometry. Blank determinations were made prior 
to sample analysis. Heavy metal concentrations in sediment extracts were obtained in triplicates from 
calibration curves and expressed as mg/kg. Metals in chemicals used in digestion were determined. 
Blanks were used simultaneously in each batch of the analysis to authenticate the analytical quality 
(SINEO, 2013). 

2.5 Statistical Analysis  
The data were analyzed in triplets and expressed as mean and standard deviation. The mean of all 
treatments was subjected to a One-way analysis of variance (ANOVA) using IBM SPSS Statistics 
23 software and mean differences were performed using the Tukey test. All graphs were plotted 
using Microsoft Excel 2013. 

3. Results and Discussion 

3.1 Heavy Metal Pollution in Aquatic Environment 

Increasing pollution by heavy metals in aquatic environment brought about by urbanization 
and industrialization have significant adverse health effects on invertebrates, fish and humans (Yi et 
al., 2011; Islam et al., 2014; Mir et al., 2016).  In aquatic environment, sediments have been widely 
used as environmental indicators for assessment of metal pollution in natural water. Assessment of 
heavy metal contamination in sediments is an indispensable tool to assess the risk of an aquatic 
environment. It is therefore necessary to investigate the current status of heavy metals in sediments 
of River Yobe in Gashua for a healthier community. 

3.2  Abundance of Heavy Metals in Surface Sediments 

The maximum and minimum values of cobalt, manganese and lead in the sample points P1, P2, P3 
and P4 are shown in the table below 

Table 1: Concentrations of Cobalt, Manganese and Lead in Sediments 

     Co (mg/kg)     Mn (mg/kg)    Pb (mg/kg) 

Sample Point Min. Max. Min. Max. Min. Max. 

P1 0.265 0.623 0.145 0.165 1.050 1.210 

P2 0.275 0.324 0.099 0.120 0.800 1.200 

P3 0.376 0.464 0.149 0.168 1.360 1.820 

P4 0.265 0.426 0.145 0.184 0.680 0.980 
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Cobalt, manganese and lead were detected in sediments collected from the four sample points. The 
concentrations of Co, Mn and Pb ranged from 0.265 - 0.623, 0.099 – 0.184 and 0.680 – 1.820 mg/kg 
respectively. Average concentrations of cobalt, manganese and lead in sediments are shown in figure 
2.  

 

3.2.1 Cobalt 
Average concentrations of cobalt in sediment samples ranged from 0.298± 0.02 to 0.420±0.04 

mg/kg which are below the permissible limits of 50 mg/kg set by USEPA, 19 mg/kg by Average shale 
value (ASV) (Turekian and Wedepohl, 1961) and 20 mg/kg by World River System (WRS) (Martin 
and Meybeck 1979). They are also below the values reported by Huang et al., (2020):1.88 – 30.88 
mg/kg; Hernández -Mendoza et al., (2011): 3.2 ±0.3 – 9.3 ±0.2mg/kg, Guilherme et al., (2011): 6.5± 
3.2mg/kg. P3 had the highest value of 0.420±0.04 mg/kg while P1, P2 and P4 had 0.403 ±0.19mg/kg, 
0.298± 0.02mg/kg and 0.346±0.08 mg/kg respectively. The results followed the order of P3 > P1 > 
P4 > P2.  

Cobalt is essential for human health because it is a part of vitamin B12. It is used to treat 
anaemia in pregnant women because it stimulates the production of red blood cells. Very high 
concentration of Co may damage human health, causing lung effects like asthma and pneumonia 
(Frank and Cleon, 1992). 

3.2.2 Manganese 

The manganese concentrations in sediment samples were found to be in the range 0.106 ±0.01 
to 0.166 ± 0.02 mg/kg, which are below the permissible limit of 200mg/kg set by WHO and values 
reported by Perumal et al.,(2021):425 – 896 mg/kg and Hernández – Mendoza et al.,(2018):269.1± 
5.5 – 654.7 ± 33.3mg/kg. P4 has the highest Mn concentration of 0.166 ± 0.02 mg/kg. Concentrations 
of Mn in other sample points are P1 with 0.155 ± 0.01 mg/kg, P2 with 0.106 ± 0.01 mg/kg and P3 
with 0.156 ± 0.01 mg/kg. The concentrations are in the order P4 > P3 > P1 > P2. 
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For animals, manganese is an essential component of over 36 enzymes that are used for 
carbohydrate, protein and fat metabolism. With animals that eat too little, manganese interference of 
normal growth, bone formation and reproduction will occur. For some animals the lethal dose of 
manganese when these exceed the essential dose. Manganese substances can cause lung liver and 
vascular disturbances, declines in blood pressure, failure in development of animal fetuses and brain 
damage. In plants, manganese ions are transported to the leaves after uptake from soils. When too 
little manganese can be absorbed from the soil this causes disturbances in plant mechanisms such as 
disturbance of the division of water to hydrogen and oxygen, in which Mn plays an important part. 
Mn can cause both toxicity and deficiency symptoms in plants. Manganese deficiencies are more 
common in soils with low pH values. Highly toxic concentrations of Mn in soil can cause swellings 
of cell walls, withering of leaves and brown sports on leaves (Lenntech, 2004; Frank and Cleon, 
1992). 

3.2.3 Lead 

         Concentrations of lead in sediment samples was ranged from 1.113 ±0.09 to 0.823 ±0.15mg/kg 
which are below the permissible limits 70, 35.5, 20m and 31mg/kg set by World Health Organization 
(WHO), United States Environmental Protection Agency (USEPA), Average shale value (ASV) and 
Toxicity Reference Value (TRV) respectively, and values reported by Huang et al. (2020): 23.3-359.4 
mg/kg, Perumal et al. (2021):10.2-19.5mg/kg and Hernández -mendoza et al. (2018):147.2 ±61–
444.3±13.3mg/kg. P3 had the highest Pb concentration of 1.587 ±0.23mg/kg. Concentrations of Pb 
in other sample points were; P1 with 1.113±0.09mg/kg, P2 with 1.000±0.20mg/kg while P4 had the 
lowest Pb concentration of 0.823±0.15mg/kg.  Concentration of Pb in the samples was found to be 
in the order P3> P1> P2> P4.  

Lead (Pb) is one of the oldest heavy metals used in the past for hair dyes, insecticides, and 
pottery glazes (Ye and Wong, 2006). It is a naturally occurring bluish-gray metal, highly malleable 
and ductile and shiny when just cut. Lead is also found in the environment as a result of radioactive 
decompositions, because it is a natural product of the decay of uranium. Lead is a dense metal, with 
a specific gravity of 11.35 and an atomic weight of 207.2gmol−1. It is present in many inorganic 
forms (acetates, nitrates, carbonates, sulphates and chlorides) especially in the earth’s crust and ores 
(Enghag, 2004).                      

3.3 Pollution Indices of Heavy Metals in Sediments 

The two most commonly used criteria to evaluate the heavy metal pollution in sediments are 
the geo-accumulation index (Igeo) and contamination factor ( fC ) (Saha and Hossain,2011). 

3.3.1 Contamination Factor 

 Contamination factor ( fC ) is a ratio of the measured concentration of a metal in a 

sediment to its background concentration; 

                       
ionConcentratBacground

ionConcentratMeasured
fC  …………………(1) 

 The degree of contamination is the sum of all contamination factors 
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The background concentration is the world geochemical background value in average shale 
(Turekian and Wedepohl, 1961).  The average shale values of the heavy metals under investigation 
are; Co = 19,  Mn = 800, Pb = 20,  

Table 2: Contamination Factor and Level of Contamination (Hakanson, 1980) 

Contamination Factor (
fC ) Level of Contamination 

              
fC < 1 Low contamination 

            31  fC  Moderate contamination 

            63  fC  Considerable contamination 

                
fC > 6 Very high contamination 

3.3.2 Geo-accumulation Factor (Igeo) 

  Geo-accumulation factor (Igeo) which was originally defined by Muller (1979) to determine 
metals contamination in sediments, by comparing current concentrations with pre-industrial levels 
and can be calculated by the following equation; 

            









n

n
geo B

C
I

5.1
log 2 ………………..(3) 

Where, Cn is the concentration of element ‘n’ and Bn is the geochemical background value. The geo-
accumulation index (Igeo) scale consists of seven grades (0-6) ranging from unpolluted to extremely 
polluted as shown in table 2. 

Table 3: Muller’s Classification for Geo- accumulation Index 

Igeo Value Class Sediment Quality 
≤ 0 0 Unpolluted 
0 -1 1 From unpolluted to moderately polluted 
1 -2 2 Moderately polluted 
2 -3 3 From moderately to strongly polluted 
3 -4 4 Strongly polluted 
4 – 5 5 From strongly to extremely polluted 
> 6 6 Extremely polluted 

 

3.4 Assessment of Heavy Metal Pollution in Sediments 
The contamination factors of Mn, Co and Pb in the sampling sites are shown on figure 3. 
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The contamination factors of Mn, Co and Pb were in the range 0.00013 to 0.00021, 0.01570 

to 0.02212, 0.04117 to 0.07933 respectively. The degree of contamination varied from 0.05957 to 
0.10165, which by Hakanson (1980) classification indicate low contamination by Mn, Co and Pb of 
the sampling sites. The level of contamination by the metals was in the order Pb > Co > Mn. 

Figure 4 shows the geo-accumulation indices of Mn, Co and Pb in the sampling sites. 

 
The geo-chemical indices of Mn, Co and Pb were in the range -13.4622 to -12.9216, -6.5779 to -
6.0833 and -4.1873 to -3.2409 respectively. All geo-chemical indices of the elements were negative, 
indicating that the sample sites were practically uncontaminated with Mn, Co and Pb by Muller 
(1979) classification. For all sample sites the geo-chemical indices decreased in the order Mn > Co 
> Pb. 
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4. Conclusion 

Assessment of pollution status of sediments collected at the bank of Komadugu River in Gashua, 
Yobe State revealed that the contamination factors as well as the degree of contamination of Mn, Co 
and Pb indicated low contamination of the sampling sites by Hakanson (1980) classification. The 
geo-accumulation indices of the metals were all negative, indicating that the sample sites were 
practically uncontaminated with the elements by Muller (1979) classification.  
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