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Abstract:  
The spatial distribution and pollution associated with Cd, Cr, Fe, Ni and Pb metals between latitudes of 

4°48'52.8"N and 4°47'02.9"N and longitudes of 7°02'46.7"E and 7°03'37.2"E respectively; situated along the 

Sambreiro river which flows intertidally from Woji and Elelenwo Creeks (downstream) to Opkoka River in 

lowtide, and vice versa in hightide were assessed. The mean concentration of heavy metals (Cd, Cr, Fe, Ni and 

Pb) in sediment samples collected weekly between January and May, 2020 from ten stations (St1 – St10) along 

Sambreiro River were analysed with Atomic Absorption Spectrophotometer (AAS), and the data evaluated with 

pollution indices such as Contamination factor (CF), Enrichment factor (EF) and Geoaccumulation index (Igeo). 

The trend for the highest mean concentration (mg/kg) of heavy metals is: St2(3111.7) Fe > St2(136.6) Cr > 
St3(13.97) Pb > St2(5.286) Cd > St2(0.955) Ni, and that of CF is: St2(151.0) Cd > St3(10.5) Pb > St2(3.9) Cr 

> St2(0.48) Ni > St2(0.32) Fe; apparently facilitated by the influence of metal works along St2 and St3 axes. 

The order of maximum Igeo is: Cd (6.65) > Pb (2.81) > Cr (1.38) > Ni (-1.65) > Fe (-2.24); with Fe and Ni 

recording Igeo < 0, which signify unpolluted along all stations. 
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I. Introduction 
 Natural and anthropogenic activities within and along coastal regions lead to the deposition of heavy 

metal elements in sediment causing contamination and possible pollution of sediment1,2. Some anthropogenic 

influences through which metallic-waste or metallic-pollutants enter rivers, creeks and other water bodies 

originate partly from the progressive pace of transformation from pre-industrial to industrial state, growth in 

economic output, coastal tourism, development of technologies, integration of acquired skills, reclamation of 

wasteland, increased utilization of agrochemicals, advances in construction works, disposal of urban sewage, 

corrosion of metallic parts, metal fabrication, etc.; while some natural effects include weathering of rocks, 

leaching of minerals by rainfall, heavy metal percolating through sediments, processes forming geogenic 
materials, etc.3,4. 

             The sediment which functions as sink and source of heavy metals to the water column, harbors the 

heavy metals as either solids or solutions5. In the solution phase, they are soluble (or partially soluble), fluidic, 

available and exhibit toxic properties; while in the solid phase, they are immovable, not readily reacting and 

unharmful6. However, the availability of heavy metals in the component phases is possible through the 

biological, physical and chemical disturbances to change sediment properties (such as cationic forms, pH, 

hydrological regime, oxidation-reduction potential or degradation of organic matter, etc.)7,8; as well as the 

periodic changes associated with tidal forces and wave motion. These disturbances and forces disrupt the water 

environment condition; and thus, the dynamic equilibrium ecological balance of the sediment-water interface is 

destroyed. The heavy metals in the sediment will then be transferred and transformed with the help of processes 

such as ion exchange, dissolution and desorption; and released to the overlaying water which will lead to the 
secondary effect of pollution on water quality5. 

               To assess the level of change due to anthropogenic input into the sediment, factors that compare metal 

concentration in sediment to pre-anthropogenic or background levels, or pristine condition have been developed. 

Enrichment Factor (EF) first compared metal concentration in sediment fine fraction and mean metal 

concentration in mudstone9. This was later developed to assess anthropogenic impact by normalising the metal 

concentration in sediment with a normalising element such as aluminium (Al) or Iron (Fe)  9. Hakanson10 first 

calculate the overall contamination factor based on seven metals and one organic contaminant by comparing the 

mean concentration of the target metal to their background concentrations. Furthermore, geoaccumulation index 
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(Igeo) compares measured concentration of metal to the geochemical background concentration of the element 

applying a possible variation factor of background values due to lithogenic effect11,12. 

              Earlier study carried out along Woji Creek assessed the concentrations of Cd, Ni, Fe, Pb and Cu13, 
noted high metal concentrations in the sediment which was associated with the activities taking place along the 

creek. Thus, this study evaluates the level of accumulation and pollution of Cd, Cr, Fe, Ni and Pb metals in the 

sediment along Sambreiro River, Rivers State, in the Niger Delta Region of Nigeria; by applying various 

pollution indices such as Contamination factor (CF), Enrichment factor (EF) and Geoaccumulation index (Igeo). 

 

II. Materials and Methods 
Study area 

The Global Positioning System (GPS) location, name, community, river order and river width are 

presented in Table 1. St1- St5 of the study area is known as Woji Creek, St6 – St8 is Elelenwo Creek and St9 
and St10 are the Opkoka River. There is a general trend of increasing river width downstream from 67.29 m in 

St1 to 568.95 m in St10.  

 

Table 1: Stations and corresponding GPS in the communities with creek name, river order and river 

width 

Station Identity Latitude Longitude Name Community River order River width (m) 

St1 4°48'52.8"N 7°02'46.7"E Woji Creek Woji 1st order 67.29 

St2 4°48'46.4"N 7°03'14.6"E Woji Creek Woji 1st order 119.51 

St3 4°48'25.8"N 7°03'36.4"E Woji Creek Woji 3rd order 160.59 

St4 4°48'11.3"N 7°03'55.5"E Woji Creek Okuruama 3rd order 232.87 

St5 4°47'47.8"N 7°04'07.5"E Woji Creek Okuruama 4th order 195.33 

St6 4°48'52.5"N 7°04'28.3"E Elelenwo Creek Elelenwo 2nd order 310.61 

St7 4°48'15.4"N 7°04'27.2"E Elelenwo Creek Akpajo 3rd order 327.12 

St8 4°47'45.2"N 7°04'22.7"E Elelenwo Creek Okujagu 3rd order 195.84 

St9 4°47'39.6"N 7°03'49.2"E Okpoka River Okuruama 4th order 282.48 

St10 4°47'02.9"N 7°03'37.2"E Okpoka River Okuruama 4th order 568.95 

 

St1 is under the Woji bridge in Port Harcourt, there are several identifiable point source pollutions, e.g., 

the Port Harcourt Zoo, Slaughter market (abattoir), abandoned scrap metals, boats and barges, etc. St2 and St3 

are close to large boat maintenance and fabrication companies; St4 and St5 do not have any activities taking 

place around. St6 is located after a bridge, and boat maintenance and fabrication companies. St7 and St8 are 

downstream away from community settlement and other anthropogenic activities; while St9 and St10 are beside 

fishing communities (Okujagu and Okuruama communities respectively) (Fig. 1). 

This study river is intertidal, flowing from St1 and St6 downstream to St10 in low tide; and from St10 
to St1 and St6 in high tide. There are three major points of mixing: St 3, St 5 and St7. St3 has a tributary of the 

Woji Creek north-west which carries water and mixes with the larger creek before St3. In low tide, water 

flowing downstream from St1 and St6 mixes close to St5. North-east of the study area flows another creek 

which joins the Elelenwo creek just below St6 but above St7.  
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Figure 1: Map of Rivers State, Nigeria, and the ten stations sampled 

 

Sample collection and analysis  
Vertical grab samples of sediment were collected using a stainless steel Van Veen grab sediment 

sampler with the aid of a boat. At each station, four samples were collected (two from each side of the river) at 

low tide (i.e., while the river flowed from St1 and St6 upstream to St10 downstream). Samples collected were 

put into properly labelled plastic bags and put into a cooler. Ice packs were placed on top of the samples and 

each cooler used was sealed and transported to the laboratory for analysis. Samples were collected weekly for 

five months, from January to May 2020.  

Samples collected were air-dried in the laboratory, fragments found in the sediments were removed and 

uniformly mixed by pulverization. Sediments were sieved through a 2 mm pore size sieve to remove coarse 

particles. From each sample, 0.5 g of sample was sieved and put into an acid-washed glass beaker and digested 

using the standard methodology ASTM D469814. Thereafter, metals (Cd, Cr, Fe, Ni, Pb) levels were resolved 

using AAS15, and the mean concentration of four samples taken from each station representing the concentration 
of metal at each station.  

 

Quality assurance and quality control 

AAS Certified Reference Materials (CFMs) for each metal was used; Cd, Cr, Fe, Ni and Pb standards 

for AAS TraceCERT: 1000 ppm of each metal in nitric acid. Before analyses, the standard material was serially 

diluted into 2, 4 and 6 ppm, and blank samples were analysed alongside to manage error; every sample was 

analysed in triplicate. The GBC SensAA Atomic Absorption Spectrophotometer was used to analyse the 

samples, this equipment has a detection limit of 0.001 and involves the use of a flame lamp for each metal 
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analysed. Percentage recovery (% R) for metals were calculated to be: Cd- 100%, Cr- 98.3%, Fe – 96.7%, Ni- 

98.9% and Pb- 98.7%.  

 

Data analysis  

Analysis of variance, ordinary least squares regression and multivariate linear regression were analysed using 

PAST Statistics16. 

To deduce CF, equation 1 was applied:  

     
  

  
                                                                   (1) 

Where CFi is contamination factor for individual metal, Ci is the environmental concentration of individual 

metal in the sediment and Cb is the base concentration (mg/kg) of metal (Cd - 1.0, Cr - 35.0, Fe - 9800.0, Pb - 

2.0, Ni - 7.0)17. To describe the level of contamination, the following terms were employed: CFi < 1 – low 

contamination, 1≤ CFi < 3 – moderate contamination, 3 ≤ CFi < 6 – considerable contamination and CFi ≥ 6 – 

very high contamination.  

EF was adopted as expressed in equation 218: 

    
 

  
   

 

 
  

     
 
                                                            (2) 

Where CFe and CFe-b are the concentration of iron in the sediment and background concentration of iron 

respectively.  

EF was characterised accordingly: EF ≤ 1 – no enrichment, 1 < EF < 3 – minor enrichment, 3 < EF < 5 – 

moderate enrichment, 5 < EF < 10 – moderate-to-severe enrichment, 10 < EF < 25 – severe enrichment, 25 < EF 

< 50 – very severe enrichment, EF > 50 – extremely severe enrichment19. 
Igeo was deduced using equation 3: 

         
 
 

  

     
                                                    (3) 

Where 1.5 is the background matrix correction factor due to lithogenic effects20,21. 

Igeo is characterised by the following: Igeo < 0: unpolluted, 0 < Igeo < 1: unpolluted to moderately polluted, 1 < Igeo 

< 2: moderately polluted, 2 < Igeo < 3: moderately to strongly polluted, 3 < Igeo < 4: strongly polluted, 4 < Igeo < 

5: strongly polluted, 5 < Igeo: extremely polluted11,22. 

 

III. Results and Discussion 
Concentration of metals in sediment  

Trend of metal concentrations along the three locations were as follows: Woji Creek - Fe > Cr > Pb > 

Cd > Ni, Elelenwo Creek - Fe > Cd > Pb > Ni > Cr, Okpoka River - Fe > Cd > Pb > Ni > Cr. Along the stations, 

the metal concentrations were in the order: St2 > St4 > St1 > St5 > St9 > St8 > St6 > St7 > St3 > St10 (Cd), St2 

> St7 > St5 > St9 > St4 > St6 > St8 > St3 > St10 (Cr), St2 > St1 > St3 > St5 > St4 > St6 > St7 > St8 > St9 > 

St10 (Fe), St2 > St1 > St5 > St4 > St6 > St7 > St3 > St8 > St10 > St9 (Ni) and St3 > St2 > St6 > St5 > St9 > 

St10 > St7 > St8 > St4 > St1 (Pb). Mean concentration of Cd was highest in St2 (5.286 ± 2.224 mg/kg) and 

lowest in St10 (0.042 ± 0.099 mg/kg); ANOVA showed statistically significant difference in Cd concentration at 

St1, St4 and St9 (p < 0.05); and St2, St5 and St7 (p < 0.001). Highest mean concentration of Cr (136.6 ± 32.69 

mg/kg – p < 0.001) was recorded in St2, and lowest concentration (0.004 ± 0.005 mg/kg) was found in St1. Fe 
yielded the highest concentration; St2 (3111.7 ± 326.3 mg/kg) recording the highest mean concentration; while, 

St10 (129.8 ± 42.91 mg/kg) indicated the lowest mean concentration of Fe. ANOVA revealed a statistically 

significant difference in Fe concentration (p < 0.001) in St1 and St2. In St2, the highest mean concentration of 

Ni was recorded (0.955 ± 0.522 mg/kg) and the lowest mean concentration was recorded in St9 (0.383 ± 0.113 

mg/kg). ANOVA revealed statistically significant difference in St1 and St2 (p < 0.001), and St3, St4, St5 and 

St10 (p < 0.05). Highest concentration of Pb was recorded in St2 (13.97 ± 6.833 mg/kg), while the lowest 

concentration was recorded in St1 (0.034 ± 0.022 mg/kg). ANOVA indicated a statistically significant 

difference in Pb concentration in St3 (p < 0.001); and St2, St5 and St6 (p < 0.05) (Fig. 2). 
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Figure 2: Mean concentrations of Cd, Cr, Fe, Ni and Pb across sample stations (n = 20) 
Error bar = Standard deviation, (n = 32, * = p < 0.05, ** = p < 0.001) 

 
The concentration of metals studied were higher in Woji Creek (St1 – St5), compared to Elelenwo 

Creek (St6 – St8) and it was least in Okpoka River. The higher concentration of metals observed in Woji Creek 

can be related to the higher number of anthropogenic activities identified along the creek compared to the other 

parts of the study area2. Scrap metals were identified at several points along the Woji Creek, particularly at St1 

and St2. Studies have associated scrap metals along fluvial systems to contamination in water, sediment and 

biota23,24,25.  

Table 2 showed the concentration of metals from sediment sampled from other locations across the 

world. Cd and Cr measured in Karnaphuli River in Chittagong City of Bangladesh were higher than those 

measured in sediment collected from our study area. Pb was similar to those measured along Woji Creek but 

lower than other locations in the study area26. Fe, Cr and Pb recorded in St1 and St2 were highest, this could be 

directly related to the abandoned boats and scrap metals identified along these stations27. The concentration of 
Fe in these stations fall within the range measured in Voghji River in Southeast Armenia

28
. Mean concentration 
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of all metals analysed across all stations exceeded those measured in Abereke, Awoye and Ayetoro in Ondo 

State, Nigeria29. 

 

Table 2: Concentration in mg/kg of some metals in sediment from selected rivers around the world 

Country Region River Metal Concentration Reference 

Bangladesh Chittagong City Karnaphuli River 

Cd 21.98 -73.42 
a
 

26 Cr 37.23 - 160.32 
a
 

Pb 21.98 - 73.42
 a
 

Armenia Southeast Voghji River 

Fe 2053 - 20018
 a
 

28 

Cd 0.09 - 0.97
 a
 

Cr 1.95 - 11.8
 a
 

Ni 3.22 - 18.80
 a
 

Pb 40.50 - 3052
 a
 

Cameroon 
Abiete - Toko gold 

district 

Kienké watershed 

(Abiete) 

Cd 5821.8 - 12808
 a
 

30 

Ni 8.37 - 48.6
 a
 

Pb 0.02 - 0.231
 a
 

Tchangué watershed 

(Toko) 

Cd 7250.7 - 12120
 a
 

Ni 15.2 - 32.2
 a
 

Pb 0.068 - 0.139
 a
 

Egypt The Egyptian Mediterranean Sea 

Cd 
0.04 - 0.47

 a
  

(0.22
 b
) 

31 

Cr 4.08 - 297.95 
a
 (82.74

 b
) 

Fe 234 - 38045
 a
 (13256

 b
) 

Ni 1.65 - 60.25
 a
 (25.98

 b
) 

Pb 3.34 - 53.67
 a
 (13.17

 a
) 

Nigeria Ondo State 

Abereke 

Cd *0.55 ± 0.10
 c
 

29 

Cr *0.520 ± 0.20
 c
 

Fe *369.34 ± 80.04
 c
 

Ni *7.345 ± 1.78
 c
 

Pb *0.67 ± 0.12
 c
 

Awoye 

Cd *0.845 ± 0.23
 c
 

Cr *0.74 ± 0.11
 c
 

Fe *286.17 ± 65.21
 c
 

Ni *7.84 ± 1.43
 c
 

Pb *2.065 ± 1.10
 c
 

Ayetoro 

Cd *0.315 ± 0.12
 c
 

Cr *0.235 ± 0.10
 c
 

Fe *417.50 ± 89.87
 c
 

Ni *3.73 ± 1.52
 c
 

Pb *0.075 ± 0.03
 c
 

*- μg/g; a- range; b- mean; c- mean ± standard deviation  

 

Contamination factor (CF) 

Contamination factor for cadmium (Cd-CF) ranged from 1.2 – 151.0 with the trend St2 > St4 > St1 > 

St5 > St9 > St8 > St6 > St7 > St3 > St10; St3 and St10 indicated moderate contamination due to Cd, while other 

stations with CF > 6 indicated very high contamination due to Cd. Cr-CF ranged from 0.00011 – 3.9 with the 
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trend St2 > St7 > St5 > St9 > St4 > St6 > St8 > St3 > St10 > St1; except for St2 with CF > 3 indicating 

considerable contamination, other stations had CF > 1 indicating low contamination. Fe-CF ranged from 0.013 – 

0.32 with the trend St2 > St1 > St3 > St5 > St4 > St6 > St7 > St8 > St9 > St10; St1 – St10 indicated low 
contamination. Ni-CF ranged from 0.19 – 0.48 with the trend St2 > St1 > St5 > St4 > St6 > St7 > St3 >St8 > St9 

> St10; all stations sampled indicated low contamination due to Ni in the sediment. Pb-CF ranged from 0.0049 – 

10.5 with trend St3 > St2 > St6 > St5 > St9 > St10 > St7 > St8 > St4 > St1; CF in St3 indicated very high 

contamination (CF > 6), St7 indicated moderate contamination and other stations indicated low contamination 

(Fig. 3). 

 

Figure 3: Spatial distribution of contamination factor across the study area (n = 20) 

 

Except for St3 and St1 with lower Cd-CF, other stations in the present study have lower values 

compared to those measured in surface sediments of the Bay of Bengal Coast32. Although other stations 

recorded Pb-CF lower than those from Bengal Coast, St2 has similar values; while St3 had an exceeded value. 

Ni-CF and Fe-CF values in the present study all fell below those from the Bay of Bengal Coast32. The average 

CF values of heavy metals in the sediments from the Lishui River Watershed, Southern China were as follows:  

0.86, 0.79 and 1.35 for Cr, Ni and Pb respectively33. Except for St3, Cr-CF in the present study fell below the 

mean value measured in Lishui River; values measured in all stations for Ni-CF and Pb-CF were below the 
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average CF values for Ni and Pb in Lishui River. The highest contributor to contamination in the studied river is 

Cd, St1 – St5 (Woji Creek) were the most contaminated for all the CF values of metals studied, while St10 was 

the least contaminated, i.e., the contamination reduces downstream.  
 

Enrichment factor (EF) 

The trend observed for enrichment factor for Cd (Cd-EF) was as follows: St9 > St8 > St4 > St6 > St7 > 

St5 > St1 > St2 > St10 > St3; except for St3 indicating severe enrichment of Cd, St1, St2, St4 – St10 indicated 

very severe enrichment of Cd. Trend for enrichment of Cr (Cr-EF) in sediment was St2 > St7 > St9 > St5 > St8 

> St10 > St6 > St4 > St3 > St1, with all stations revealing no enrichment of Cr except St2 which indicates severe 

enrichment. Ni-EF in sediment was in the trend St10 > St9 > St8 > St7 > St6 > St5 > St4 > St3 > St1 > St2. EF 

in St1, St2 and St3 showed minor enrichment, St4 revealed moderate enrichment, St5 – St9 indicate moderate-

to-severe enrichment and St10 indicates severe enrichment of Ni. Pb-EF trended as follows: St3 > St6 > St10 > 

St9 > St2 > St5 > St7 > St8 > St4 > St1. Pb-EF in sediment sampled from St8, St4 and St1 indicated no 

enrichment, St7 indicated minor enrichment, St2 and St4 indicated moderate-to-severe enrichment, St6, St9 and 
St10 indicated severe enrichment, while St 3 indicated severe enrichment (Fig. 4). 

 

Figure 4: Spatial distribution of enrichment factor across the study area (n = 20) 

 

Geoaccumulation index (Igeo) 

The Igeo for the metals ranged from -0.32 to 6.65, -13.68 to 1.38, -6.82 to -2.24, -2.29 to -1.65 and -8.27 

to 2.81 for Cd, Cr, Fe, Ni and Pb respectively. Fe and Ni with Igeo < 0 indicated unpolluted along all stations. 

Except for St2 (unpolluted to moderately polluted) and St3 (moderately to strongly polluted); Pb - Igeo calculated 

for other stations revealed unpolluted in relation to Pb in the sediment. Cr - Igeo indicated moderately polluted in 

St2; while St1, St3 to St10 indicated unpolluted. Cd - Igeo extremely polluted due to Cd input in the sediment in 

St2, St4, St5, St6, St7, St8 and St9; St 3 revealed unpolluted to moderately polluted, while St10 indicated 

unpolluted (Fig. 5). 
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Figure 5: Spatial distribution of geoaccumulation factor across the study area (n = 20) 

 

In a study carried out on spatial variations of heavy metals contamination in sediments from Odiel river 

(Southwest Spain)34; except for Area IV with Fe - Igeo = 0.1, other areas had values < 1 similar to the present 

study area. Similarly, except for St2, all stations in the present study also had Cd - Igeo < 1 as those from Odiel 

river. Furthermore, except for St10 with Cd - Igeo < 1, all stations in the present study had values far exceeding 

those in Katerniaghat, Colonelganji, Ayodhya, Dohrighat and Chhapra in Ghaghara river sediment in Northern 

India21. St10 is the only station which is unpolluted with reference to the metals studied, while Cd had an effect 

on all stations except for St10; and Ni and Fe have no pollution effect on the stations sampled.  

 

Regression analysis  
               Ordinary Least Squares Regression for River Order-River width (m) revealed a positive correlation 

between both hydrological parameters (river width and river order) in the study area (r = 0.36, p = 0.07) (Fig. 6). 

This implies that as the river order increases, the river width also increases35. The increasing river order 

increases the volume of water; and hence, the width of the river to accommodate the quantity of water flowing 

through.  
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Figure 6: Ordinary Least Squares Regression: River Order-River width 

 

Applying linear regression to the variables studied show that, except for Pb - Igeo, Cd – EF and Ni – EF 

showing positive correlation to both river width and river order, and Pb – EF to river order; other variables 

showed a negative correlation to both river width and river order (Table 3). Therefore, the quantity of water 

flowing plays a role on the level of contaminants, contamination and pollution in the sediment.  

There are more anthropogenic activities between St1 – St3 and St6; this was reflected in the 

concentration of metals measured in sediment sampled from these stations. Water flowing downstream from 

Woji creek and Elelenwo creek meet at St5; the meeting of these water causes an increase in the concentration 

of some metals and indices calculated. Hence, there is an initial spike in St5 due to pollutant mixing from both 

creeks downstream and a later dilution from St9 – St10 as confirmed by the regression analysis36,37.  

 

Table 3: Multivariate linear regression statistics 

Variable 
River width River order 

r p r p 

Cd -0.58 0.08 -0.45 0.19 

Cr -0.32 0.37 -0.56 0.10 

Pb -0.26 0.48 -0.02 0.95 

Ni -0.62 0.06 -0.75 0.01 

Fe -0.65 0.04 -0.78 0.01 

Cd - Igeo -0.52 0.13 -0.37 0.29 

Cr - Igeo -0.18 0.62 -0.18 0.61 

Pb - Igeo 0.07 0.86 0.10 0.79 

Ni - Igeo -0.66 0.04 -0.75 0.01 

Fe - Igeo -0.82 0.00 -0.74 0.02 

Cd - CF -0.58 0.08 -0.45 0.19 

Cr - CF -0.32 0.37 -0.56 0.10 

Pb- CF -0.26 0.47 -0.02 0.95 
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Ni - CF -0.62 0.05 -0.76 0.01 

Fe - CF -0.65 0.04 -0.78 0.01 

Cd - EF 0.04 0.90 0.30 0.41 

Cr - EF -0.31 0.39 -0.54 0.11 

Pb - EF -0.09 0.81 0.11 0.77 

Ni - EF 0.92 0.00 0.62 0.06 

 

IV. Conclusion 

This study has assessed the spatial distribution and pollution associated with Cd, Cr, Fe, Ni and Pb 

metals in the intertidal sediment of Sambreiro River in Rivers State (Nigeria). The trend of metal concentrations 

along the three locations in Sambreiro River are in the order: Woji Creek - Fe > Cr > Pb > Cd > Ni, Elelenwo 

Creek - Fe > Cd > Pb > Ni > Cr, and Okpoka River - Fe > Cd > Pb > Ni > Cr. The range of CF values is in the 

order: Cd (1.2 – 151.0) > Pb (0.0049 – 10.5) > Cr (0.00011 – 3.9) > Ni (0.19 – 0.48) > Fe (0.013 – 0.32), which 

indicated that Cd was the highest contributor to contamination in the studied river. Many stations depicted 

different levels of EF for the metals, which suggested the likelihood of adsorption, complexation, flocculation, 

precipitation or sedimentation for their enrichment in the sediment. The range of Igeo values for Cd is -0.32 to 

6.65, Cr is -13.68 to 1.38, Fe is -6.82 to -2.24, Ni is -2.97 to -1.65 and Pb is -8.27 to 2.81; with Fe and Ni (Igeo < 

0) indicating unpolluted along all stations. The study also revealed the effect of dilution of pollutant 
concentration with increasing river width. Results obtained in this study draws a direct connection between 

anthropogenic activities and pollution due to metals accumulated in the sediment in the study river. Thus, there 

is need for local and state authorities to carry out more extensive studies on possible ecological and human 

health risk and effect of these metals in the environment. Proper environmental management plans should also 

be implemented and enforced on the companies along the river.  
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