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Abstract 
Heavy metals are elements, whose density is greater than water. They are gen-
erated from our environment. Rocks, sediments, plants, water and aerosol 
particles represent the carriers of heavy metals. An accumulated amount of 
heavy metal in the body, either by inhalation, food or drinking water, can 
cause an adverse health effect to human. The Benue river passed through the 
town of makurdi, was high population of the inhabitant of Benue State dwells. 
The industrial and agricultural activities carried out in this region, increase 
the concentration of heavy metals. This may result to adverse health effect on 
the inhabitant of Makurdi. The objectives of this work were to determine the 
heavy metal concentration and its site contaminations along the bank of river 
Benue, Makurdi. An inductively coupled plasma optical emission spectrome-
try (ICP-OES) was used to determine the heavy metals concentration. The 
metals concentrations (Iron, Copper, Manganese, Lead, Zinc, Chromium, Ar-
senic, and Cadmium) of the three stations were found. This ranges from 3.55 - 
9454.0 mg/kg, 0.20 - 8928.0 mg/kg and 2.80 - 13,657 mg/kg for stations 1, 2 
and 3. With Fe recorded as the highest concentration in the sediment, this 
value is compared with the World Health Organisation (WHO) and World 
Surface Rock Average (WSRA) standard. The assessment on contamination 
status of heavy metals in the riverbank, showed low degree of contamination 
in stations 1 and 2, and moderate degree in station 3. The degree of enrich-
ment to heavy metals in all the stations is deficient to minimal. The evaluation 
of the results of pollution load index (PLI) from this present study indicated PLI 
< 1 for station 2, and PLI > 1 in stations 1 and 3. Hence stations 1 and 3 are pol-
luted, while station 2 is not polluted with heavy metals. 
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1. Introduction 

Heavy metals can be defined as metals with densities that are five times higher 
than water. They are formed naturally from the terrestrial environments, and 
they are found in rocks, plants, soils and sediments. Human and industrial activ-
ities can increase the amount of heavy metals concentration in the environments 
and lead to environmental pollution [1]. However, the contamination of heavy 
metals in surface soil, water, air and sediments can cause an adverse health effect 
on human and the environment [2]. The aim of this work was to measure the 
level of heavy metals in shore sediments and also their activity concentration 
trend along the bank of river benue, Makurdi. The heavy metal concentrations 
in the shore sediments were also compared, with guideline limit upon which in-
formed decision about the site quality was made. In this paper, we assessed the 
site contamination using the criteria of Enrichment Factor (EF), Contamination 
factor (CF) and Pollution load index (PLI). 

2. Geologic Background 

The sediment geochemical quality in an urban environment depends not only 
on the concentration of pollution sources, but also on time-span of urbanization, 
industrialization and poor agricultural practices. The high concentration of 
heavy metals in the environments can be found in the developed countries, while 
the low concentration can be found in developing countries (e.g., Africa). How-
ever, the threat of heavy metals pollution may depend on the increases in urba-
nization and social economics activities, [3]. Suspended sediments found in wa-
ter, absorb heavy metals from the water column. This helps to reduce the 
amount of heavy metals found in the water. Although, these metals are released 
into the water, by different human activities, they by causing a potential threat to 
ecosystems [4]. 

Sediments are important carriers of heavy metals, whereas large amounts of 
heavy metals are accumulated in river, ocean and sea sediments, where they get 
incorporated onto clays and other shore fine-grained materials. However, the 
sediments can release heavy metals into the overlying water, thereby causing po-
tential adverse effects to the ecosystems. Heavy metals found in sea and river 
surface, are deposited in sediment and aquatic plant. Over the last few years, 
heavy metals have increased enormously into the environment from artificial 
sources. Because of its health risk, they are a lot of awareness that has been done 
on the effect of this heavy metals to human. Suspended air particle containing 
heavy metal can damage tissue, when inhaled. Heavy metal concentrations gen-
erated from anthropogenic source (e.g., Cd, As, Pb, Cu, Fe, Zn, Mn, and Cr) to 
coastal environment can cause a potential risk to the natural environment. 
Therefore, it is important to assess and tract the abundance of these heavy met-
als in coastal ecosystem [5]. 

An elevated concentration of heavy metals increases the potential of adverse 
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health effects to inhabitants in each environment [6]. Some common health ef-
fects associated with heavy metal poisoning include blindness, organ damage 
and breathing related problems [7]. The toxicity of heavy metals depends on 
their chemical form and the species of the elements. For some metals, the most 
toxic form is that having alkyl groups attached to the metal since most of such 
compounds are soluble in animal tissues and can pass through biological mem-
branes. For example, the uptake of arsenic can cause skin lesions, neurotoxicity 
and other cancerous problems of different form. Cadmium (Cd) has high soil 
mobility than any other metal to plant system. In human, only about 5% - 50% 
of the inhaled element ever enters the lungs. Also, only 1% - 10% Cd gets into 
the digestive system via ingestion of food and water intake. Chronic exposures to 
Cd result in renal tubular damage, bone deformities, and heart related diseases 
[8]. Nickel is among non-essential element needed for the healthy growth of 
plants, animals and soil microbes. It interacts with iron found in hemoglobin 
and helps in oxygen transport, stimulate the metabolism as well as being re-
garded as a key metal in several plants and animal’s enzyme systems. Ni is rea-
dily transported from the roots to over ground plant tissues. However, at higher 
concentrations, it can be toxic. Ingestion and inhalation of high levels of nickel 
(Ni) induce lung damage in man, Ni dermatitis is the most common effect of the 
element of human population [9]. Mercury (Hg) comes under the class of metal-
lic poisons. At room temperature, the metal is in liquid form. Although metallic 
mercury is not poisonous, but it causes poisoning when inhaled in its vapor 
form, swallowed or rubbed into the skin. The toxicity of mercury depends on its 
chemical form and route of exposure. It affects the immune system, alters genet-
ic and enzyme systems, and damages the nervous system, including incoordina-
tion and the textile, and visual hallucinations [10]. 

Zinc plays a very important role in plant nutrition, it has been a component of 
a number of metalo-enzymes. Zinc is an essential beneficial element of human 
beings, but their element salts produce undesirable taste to water. It is dis-
charged into sewage and soils from pharmaceutical paints, pigment, several in-
secticides and cosmetic industry. Although Zn has been found to have low toxic-
ity to man, prolonged consumption of large doses can result in some health 
complications such as fatigue, dizziness, and neutropenia [11]. Excessive and 
prolonged inhalation of Mn particulate in mining, welding and industries results 
in its accumulation in selected brain regions that causes central nervous system 
(CNS) dysfunctions and an extrapyramidal motor disorder, a recent report sug-
gested that, some aspects of disease may also occur in individual, because of ex-
posure from environmental source [12]. Cu are metallic elements that can be re-
leased to the environment through mining, smelting and refining of copper. 
Acute exposure of Cu can lead to Cu poisoning, such as flu like condition known 
as metal fever, vomiting, diarrhea, stomach cramps, and nausea. Chronic expo-
sure can result to brain damage, demyelization, renal disease and copper deposi-
tion in the cornea and even death [13]. 
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3. Materials and Methods 

The present study focuses on three locations that are located at the bank of river 
Benue, Makurdi the Capital of Benue State. Benue State is located at the north 
central part of Nigeria, between latitudes 7˚35' - 7˚53'N and longitudes 8˚24' - 
8˚42'E. The city of Makurdi covers a land area of 800 km2 and has a population 
of 300,000 people (2006 census data). The city lies entirely in the flood plans of 
Benue River, which bisects the city into northern and southern parts [14]. Hu-
man activity, such as irrigation farming, extraction of sediment, such as shape 
sand for building, fishing, and market activity are carried out, along the bank of 
the river Benue, Makurdi. The research was carried out at the new bridge, new 
garage and wadata market river bank, known as station 1, 2 and 3. Figure 1 
represents the map of Makurdi, Benue State showing the study areas [15]. The 
techniques mentioned below were used to achieve the objectives of the present 
work. 

3.1. Samples Collection and Pre-Treatments for Heavy Metals 

Samples collected from the studied areas were mixed, to ensure even distribu-
tion. The samples were then filtered to a certain size (e.g., 1 mm mesh) that con-
tains high level of heavy metal [16]. Three sub-samples were taken from the 
large sieved samples and transferred into clean pre-labelled plastic containers, 
which were labelled as station 1, 2 and 3. Station 1 is the mixed samples of new 
bridge river bank (NBRB). Station 2 is the mixed samples of new garage river 
bank (NGRB) locat ions  and stat ion 3 is  the mixed samples of  
 

 
Figure 1. Map of Makurdi, Benue State. Showing the study areas. 
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wadata market river bank (WMRB) locations. The samples are, subsequently, 
transported to Analytical Laboratory Services, Windhoek Namibia, for further 
processing and analyses. All materials used for holding samples, homogenization 
and sieving were pre-cleaned with 10% nitric acid to minimize the potential of 
cross contamination. 

The samples were digested according to the reported environmental protec-
tion agency (EPA) method 3050B for Inductively Coupled Plasma-Optical Emis-
sion Spectrophotometer (ICP-OES) analysis [17]. A known amount (1.00 g) of 
each sample was transferred into a digestion vessel and 10 mL of 1:1 nitric acid 
(HNO3) was added, mixed thoroughly and covered with a watch glass. Subse-
quently, the samples were heated to 90˚C and refluxed at this temperature for 10 
minutes, after which they were allowed to cool for 5 minutes under room tem-
perature. Thereafter, 5 ml of concentrated HNO3 was added to each, covered and 
refluxed again at 90˚C for 30 minutes. Then, the solution was allowed to evapo-
rate without boiling to approximately 5 ml each and cooled again for 5 minutes. 
This was followed by the addition of 2 ml of deionised water plus 3 ml of 30% 
hydrogen peroxide (H2O2) to each. The vessels were covered and heated just 
enough to warm the solutions for the peroxide reaction to start. This was con-
tinued until effervescence subsided and the solutions were cooled. The ac-
id-peroxide digest was covered with watch glasses and heated until the volume 
reduced to approximately 5 ml again. Thereafter, 10 ml of concentrated hy-
drochloric acid (HCl) was added to each, covered and heated on a heating man-
tle, then refluxed at 90˚C for 15 minutes. After cooling, each digest was filtered 
through Whatman No. 41 filter paper into a 100 ml volumetric flask and the vo-
lume made to the mark with deionised water [18]. 

Ten ml of each digest was taken and mixed with equal volume of matrix mod-
ifier [18], and then analysed using ICP-OES (ICP: Perkin Elmer Optima 7000 
DV) housed in analytical laboratory Windhoek, Namibia for the levels of arsen-
ic, cadmium, chromium, lead, manganese, iron, copper, zinc and nickel. Data 
generated from quadruplicate analyses were expressed as the mean concentra-
tion of each element. 

3.2. Heavy Metals Site Contamination Parameters 

Heavy metal site contamination can be assessed using the following parameter: 
Enrichment Factor (EF), Contamination factor (CF) and Pollution load index 
(PLI). 

The CF gives an indication of the degree of contamination of soil. The level of 
contamination factor of sediment by metal is expressed by Equation (1). CSample is 
the given metal in shore sediment, CBackground is the background value of the metal 
[19]. The CBackground value equals to the world surface rock average. 

Sample

Background

CF
C

C
=                           (1) 
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The Enrichment Factor is defined as a factor used in assessment of the degree 
of contamination with heavy metal. [19]. Equation (2) below represents the EF. 

( )
( )

C/Fe sample
EF

C/Fe earth crust
=                        (2) 

where C/Fe (sample) is the content of the examined and the reference element in 
the examined locations, C/Fe (earth crust) is the content of the examined and 
reference element in the reference environment (World Surface Rock Average) 
(WSRA). 

Pollution load index (PLI) is used in evaluating the pollution level in an envi-
ronment [5]. Given in Equation (4). 

( )11 2 3PLI CF CF CF CF n
n= × × × ×                   (3) 

where, CF is the contamination factor and n is the number of metals investi-
gated. If PLI value is >1 it means polluted, while PLI value < 1 indicates no pol-
lution. 

4. Results 
4.1. Assessment of Metal Concentration 

The heavy metals investigated in this study include arsenic (As), cadmium (Cd), 
chromium (Cr), lead (Pb), manganese (Mn), iron (Fe), copper (Cu) and zinc 
(Zn). These metals were determined from the sediments collected from the bank 
of river Benue. The locations are combined to form station 1 (NBRB), station 2 
(NGRB) and Station 3 (WMRB). 

Heavy metals concentration present in sediment samples of the bank of river 
Benue, were measured and analyzed. The spatial variation in the mean values of 
their concentration and comparison with reference values of World Surface 
Rock Average (WSRA) and World Health Organization (WHO) is shown in Ta-
ble 1. The heavy metals concentrations for each station are presented in bar 
chart, as shown in Figures 2-4. 

The concentration of heavy metals in station 1 ranged from 3.55 to 9454.0 
mg/kg, (Figure 2). The highest value was that of Fe and the lowest one was that 
of Cd. In station 2, the concentration ranged from 0.20 mg/kg to 8928.0 mg/kg 
and Fe was highest (8928.0 mg/kg), while Cr and As metals have the lowest con-
centration (0.20 mg/kg) (Figure 3). That of station 3, ranged from 2.80 mg/kg to 
13657.0 mg/kg, and has the highest concentration of Fe (13657.0 mg/kg) than 
that of the other stations, and it has a low concentration of Cd (2.80 mg/kg), 
(Figure 4). The results obtained showed that Fe recorded the highest concentra-
tion in all the sites investigated. This may be because of its natural sources 
(1.5%) vastly dominate its input [5]. 

Table 1 shows the various concentration of heavy metals, the concentration of 
the Cd in the sediments ranged from 1.85 to 2.80 mg/kg and followed the order 
station 3 > station 1 > station 2. Chromium (Cr) is found to ranged from 
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Table 1. Concentration of heavy metals along the bank of river Benue represent the used 
reference values [20]. 

Heavy metals (mg/kg) 
Station 1 
(NBRB) 

Station 2 
(NGRB) 

Station 3 
(WMRB) 

WHO WSRA 

As 3.55 0.20 15.85 20.0 10.0 

Cd 2.10 1.85 2.80 3.0 0.3 

Cr 3.55 0.20 15.50 100.0 71.0 

Pb 102.0 46.0 17.0 100.0 16.0 

Mn 145.5 75.0 253.5 2000.0 750.0 

Fe 9454.0 8928.0 13657.0 5000.0 300.0 

Cu 293.0 84.50 118.0 100.0 32 

Zn 18.00 14.00 27.00 300.00 127.0 

Note: World Surface Rock Average (WSRA) and World Health Organization (WHO). 

 

 
Figure 2. Bar chart showing the concentration of heavy metals in station 1 (NBRB). 
 

 
Figure 3. Bar chart showing the concentration of heavy metals in station 2 (NGRB). 
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Figure 4. Bar chart showing the concentration of heavy metals in station 3 (WMRB). 
 
0.20 to 15.50 mg/kg. it concectration, decreased in the order station 3 > station 
1 > station 2. The concentration of lead (Pb) in sediment samples ranged from 
17.0 to 102.0 mg/kg. The concentration of lead decreased in order of station 1 > 
station 2 > station 3. Manganese concentrations ranged from 75.0 mg/kg to 
253.5 mg/kg. The concentration of Manganese decreased in order of station 2 > 
station 1 > station 3. The WHO maximum permissible level in soil is 2000 
mg/kg. Zinc concentration ranges from 14.0 mg/kg to 27.0 mg/kg in the sedi-
ment, its concentration decreases in order of station 3 > station 1 > station 2. 

4.2. Assessment of Site Contamination 

It is relevant to compare heavy metal concentrations in sediment with their 
guideline limit values upon which informed decision about the site quality could 
be made. In this study, site contamination was assessed using the criteria of 
Enrichment Factor (EF), Contamination factor (CF) and Pollution load index 
(PLI) as explained in the literature. The contamination factor, Enrichment Fac-
tor (EF) and pollution load index of the heavy metals was calculated, using Equ-
ation (1), (2) and (4) from the literature, as shown in Tables 2-4. 

The values of the CF for the three stations are presented in Table 2 and Fig-
ure 5. The contamination criteria based on contamination factor was proposed 
by Foley et al., [19]. The present study showed that the CF values in stations 1, 2 
and 3 range from (0.050 - 31.513), (0.003 - 29.760) and (0.213 - 45.523) respec-
tively. 

Table 3 and Figure 6, show the values for the enrichment factor, which range 
from 0.0045 to 1.5864 at station 1, from 0.0001 to 0.2072 at station 2 and from 
0.0048 to 0.2050 at station 3. The degrees of enrichment to heavy metals in all 
the stations are deficient to minimal, because all the values are less than two.  
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Figure 5. Contamination Factor (CF) of heavy metals in the three stations along the bank 
of river Benue. 
 

 
Figure 6. Enrichment Factor (EF) of heavy metals in the three stations along the bank of 
river Benue. 
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Table 2. Contamination Factor (CF) of heavy metals along the bank of river Benue. 

Heavy metals 
Station 1 
(NBRB) 

Station 2 
(NGRB) 

Station 3 
(WMRB) 

As 0.355 0.020 1.585 

Cd 7.000 6.170 9.330 

Cr 0.050 0.003 0.218 

Pb 6.375 2.875 1.063 

Mn 0.194 0.100 0.338 

Fe 31.513 29.760 45.523 

Cu 9.156 2.641 3.688 

Zn 0.142 0.110 0.213 

 
Table 3. Enrichment Factor (EF) of heavy metals along the bank of river Benue. 

Heavy metals 
Station 1 
(NBRB) 

Station 2 
(NGRB) 

Station 3 
(WMRB) 

As 0.0110 0.0007 0.0349 

Cd 0.2221 0.2072 0.2050 

Cr 1.5864 0.0001 0.0048 

Pb 0.2024 0.0967 0.0233 

Mn 0.0062 0.0034 0.0074 

Cu 0.2904 0.0887 0.0809 

Zn 0.0045 0.0037 0.0048 

 
Table 4. Pollution Load Index (PLI) of heavy metals along the bank of river Benue. 

 
Station 1 
(NBRB) 

Station 2 
(NGRB) 

Station 3 
(WMRB) 

PLI 1.2586 0.4173 1.5928 

 
metals, obtain from Erongo region, ranges from 0.4240 - 27.8943, 0.2615 - 
8.3683, 0.2593 - 0.2702 and 0.4240 - 22.3155, 0.2965 - 19.5260, 0.2455 - 27.8943, 
during summer and winter. This work was carried out by [5], in Walvis Bay, 
Swakopmund and Hentis Bay beach, and was compared with this present study. 

The pollution load index (PLI) was calculated using Equation (4) and data in 
Table 2, as shown in Table 4. If PLI value is > 1 it means polluted while PLI 
value < 1 indicates no pollution. The PLI values decreased in the order of station 
3 > 1 > 2 (Figure 7) The studies showed that the PLI ranged from 0.4173 to 
1.5928. The highest index of pollution load was calculated for station 3 and the 
lowest value was calculated for station 2. 

5. Discussion 

All over the globe, contaminations are washed into rivers, coastal regions and  
estuarines from industrial activities. Among some of those contaminant, heavy 
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Figure 7. Pollutions load index (PLI) of heavy metals in the three stations along the bank 
of river Benue. 
 
metals are serious pollutant of the aquatic environments. Heavy metals found in 
plant and animal, can cause harmful effect to human health, when taking in as 
food. [22]. This metal is carcinogenic and is usually taken by inhalation; it is al-
so, corrosive to tissue. It is used in alloys, electroplating, pigments, paint manu-
facture, fungicides, glass, leather tanning industries and photography [23]. 

The study showed that the concentration of arsenic is below the referenced 
values of WHO in station 1, 2 and 3, and also below WSRA in station 1 and 2. 
But the concentration of arsenic in station 3 is above WSRA. Cadmium is 
slightly below the reference value (WHO) and far greater than the reference val-
ue of (WSRA). The permissible limit of Cd in soil, recommended by WHO, is 
3.0 mg/kg (Table 1). The three stations did not exceed the standard and are 
therefore not polluted according to EPA guideline and it was quite high com-
pared with the values recorded by Onjefu et al., [5]. Cr concentrations in the 
three stations are below the reference value. According to the EPA guideline for 
heavy metal in sediment, the sampled sites are unpolluted with chromium. The 
values recorded during this investigation were lower for station 1, 2 and higher 
in station 3. The values are compared to similar studies undertaken by Onjefu et 
al. [5], However, these concentrations of Cr were higher than the levels of 0.25 to 
1.68 mg/kg in the Benin River, Nigeria [24]. The concentration of lead recorded 
was above WSRA and indicates that the region of station 1 is heavily polluted, 
station 2 and 3 are moderately polluted according to EPA heavy metal guidelines 
for sediments (Table 1). Lead (Pb) as a soil contaminant is a global issue; it ac-
cumulates with age in bones, aorta, kidneys, spleen and liver. This metal can en-
ter the body through uptake of food, water and air. The concentration of lead in 
this study was higher than the values (11.8 to 39 mg/kg and 14.0 to 22.1 mg/kg) 
obtained by Saikia et al., [25] and in the sediments of the Subansiri River respec-
tively. Manganes (Mn) is essential for plant and animals, but an elevated level 
can pose threat to life. Mn investigated in this study was quite high compared 
with the concentration recorded by Onjefu et al., [5]. The value of Zinc (Zn) in 
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all the station is less compared to the WHO maximum permissible level (300.0 
mg/kg) and the WSRA value (127 mg/kg), according to EPA heavy metal Guide-
lines for sediment. 

The degree of contamination in station 1 and 2 indicate low degree and mod-
erate degree in station 3. Cr, Mn and Zn indicate a low degree of contamination 
in all the stations. Cd, Fe and Cu indicate a high degree of contamination, except 
for station 2 were Fe has a moderate degree. The high degree of contamination 
of Cd, Mn and Cu in station 3 may be as a result of refuge dump around the 
bank of the river. Pb has a high degree of contamination in station 1 and a mod-
erate degree of contamination in both stations 2 and 3. These values are in con-
trast with similar studies [26] where As is of concern and Cd has a low degree of 
contamination. The EF value of this present study was less compared to the 
study of heavy metal around a copper-nickel mine in the Selebi Phikwe region, 
Eastern Botswana, and seasonal enrichment factor (EF) of heavy metals, obtain 
from Erongo region as explained in the result. 

The PLI investigated in this study was quite high compared with the values 
recorded by Onjefu et al., [5]. In their studies, the PLI ranges from 0.0660 to 
0.2097. The PLI values presented in Table 4 clearly indicated values < 1 for sta-
tions 2, and >1 in stations 1 and 3. Hence, according to Tomlinson et al., [27] 
station 1 and station 3 are polluted with heavy metals, while station 2 are not 
polluted with heavy metals. 

6. Conclusion 

The results of this study revealed the presence of lead, chromium, cadmium, ar-
senic, copper, iron, zinc and manganese in the sediment of river Benue area of 
Makurdi, and their various concentrations in each station were specified. This 
showed that iron (Fe) has the highest concentration in all the stations, which is 
higher than the permissible level of WHO and WSRA. The concentrations of 
copper and manganese are higher in the sediment compared to the other metals 
like lead, chromium, cadmium, arsenic and zinc. According to EPA guidelines 
for sediment, it is shown that iron is heavily polluted in the sediment. Cadmium, 
Chromium, Manganese and Zinc are not polluted, while lead is moderately pol-
luted. The site contamination of heavy metals evaluated in this study shows that 
the contamination degree of heavy metal varies in the stations. This variation 
occurs because of human and industrial activities conducted in those areas. The 
degree of enrichment of heavy metals in the all stations is deficient to minimal, 
this is because all the value is less than two. From the pollution index evaluation, 
it is indicated that station 1 and station 3 are polluted with heavy metals, while 
station 2 is not polluted. 
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