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 Abstract: Sediments serve as long-term sinks for heavy metals in river systems, reflecting the 
cumulative effects of natural and anthropogenic inputs. This study assessed the 

concentrations, spatial distribution, seasonal variation, and contamination status of seven 
heavy metals (Cd, Co, Cr, Fe, Mn, Ni, and Zn) in sediments from River Gwagwalada, Nigeria. 

Sediment samples were collected from twelve stations during the wet and dry seasons and 

analyzed using Atomic Absorption Spectrophotometry (AAS). Mean metal concentrations 
(mg/kg) were Cd (0.52), Co (17.46), Cr (11.43), Fe (1643.67), Mn (350.03), Ni (11.16), and 

Zn (23.26), with generally higher concentrations observed at downstream locations. Analysis 
of variance (ANOVA) revealed significant seasonal variations for Cd (p = 0.032), Fe (p < 

0.001), and Ni (p = 0.002), whereas Co, Cr, Mn, and Zn showed no significant seasonal 

differences (p > 0.05). Contamination factor (CF) and pollution load index (PLI) were used 
to evaluate sediment quality. Cadmium exhibited moderate contamination (CF = 1.73), while 

the remaining metals showed low contamination levels (CF < 1). The overall PLI (0.25) 

indicated that the sediments were generally unpolluted. These findings provide baseline 
information for environmental monitoring and sustainable management of River 

Gwagwalada. 
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1 Introduction 

River sediments perform a critical influence on 

aquatic systems by operating as both long-term sinks 

and remobilization sources of heavy metals. As a result 

of their high surface area and strong sorption capacity, 

sediments readily accumulate metals transported from 

natural weathering mechanisms and anthropogenic 

activities (Li et al., 2013; Miller et al., 2004). In many 

developing countries, river sediments exposed to 

mining, industrial discharge, agricultural runoff, and 

urban waste inputs show elevated concentrations of 

heavy metals, reflecting long-term pollution histories 

(Abdel-Ghani & Elchaghaby, 2007; Masindi & Muedi, 

2018). These accumulated metals can become 

remobilized as environmental conditions shift, posing 

persistent ecological risks. 

Heavy metals are sourced from both natural and 

anthropogenic origins. Natural inputs involve rock 

weathering, volcanic emissions, forest fires, sea-salt 

sprays, and wind-borne soil particles (Konietzny et al., 

2014; Olowojuni et al., 2025). However, anthropogenic 

contributions from industries, mining, wastewater 

discharge, agriculture, fossil fuel combustion, and 

vehicular emissions often exceed natural fluxes and 

dominate environmental contamination pathways 

(Masindi & Muedi, 2018; H. Wang et al., 2013). Metals 

such as chromium, cadmium, nickel, cobalt, zinc, and 

lead are commonly associated 

with industrial effluents, fertilizers, pesticides, and 

sewage sludge, and are frequently detected in river 

sediments at concentrations capable of causing 

ecological harm (Abdel-Ghani & Elchaghaby, 2007; 

Islam et al., 2015). 

The fate and behavior of heavy metals in sediments are 

governed by physicochemical processes such as 

sorption, precipitation, dissolution, and redox reactions 

(Atkinson et al., 2007). Environmental parameters 

including pH, temperature, dissolved oxygen, and 

 

Received: 13-05-2026 

Revised: 31-05-2026 

Accepted: 16-06-2026 

Published: 19-06-2026 

https://bjet.ng/index.php/jet
mailto:abdulwasiu.abdurrahman@uniabuja.edu.ng
mailto:kamiludeen.olarenwaju@uniabuja.edu.ng


 Olanrewaju et al, 2026                                                                                               

 

55 
 

BJET, 2026, Vol. 21(2), 54-66 

 
hydrodynamic disturbance strongly influence metal 

mobility and bioavailability (Balali-Mood et al., 2021; 

Li et al., 2013). Under acidic conditions or low 

dissolved oxygen levels, sediment-bound metals may 

flux into the overlying water, increasing exposure risks 

to aquatic organisms. Physical disturbances such as 

dredging or flooding have been shown to mobilize 

metals more rapidly than biological processes, 

underscoring the importance of sediment studies in 

pollution assessment (Atkinson et al., 2007). 

Sediment-associated heavy metals pose serious 

ecological threats, particularly to benthic organisms, 

which may accumulate metals directly from sediments 

and transfer them through the food web (Miller et al., 

2004). Chronic exposure has been linked to reduced 

biodiversity, altered community structure, and long-

term ecosystem degradation. Recent studies emphasize 

that sediment quality assessment is a more reliable 

signal of cumulative contamination than water analysis 

alone, as sediments integrate contamination over 

extended periods (Varol, 2020; Zhang et al., 2021). 

River Gwagwalada flows through zones characterized 

by quarrying, agriculture, domestic settlements, and 

minor industrial activities. Sediments along the river 

channel receive continuous inputs from surface runoff, 

tributary inflows, and direct waste discharge. 

Downstream sections are particularly susceptible to 

metal accumulation due to reduced flow velocity and 

increased deposition (Badamosi et al., 2024). Despite 

the ecological importance of sediments in controlling 

river health, detailed information with respect to heavy 

metal distribution and contamination levels in River 

Gwagwalada deposits remain scarce. 

This research therefore assesses the concentration, 

spatial dispersion, and seasonal range of selected heavy 

metals in River Gwagwalada sediments. The findings 

provide insight into sediment-associated pollution, 

potential ecological risks, and baseline data necessary 

for effective river management and environmental 

protection. 

2 Materials and Methods 

2.1 Study Area 

River Gwagwalada is a major fluvial system within the 

Federal Capital Territory (FCT), Nigeria, originating 

from River Usuma in Bwari Area Council and flowing 

through several urban and peri-urban settlements 

before reaching Gwagwalada. The river basin lies 

within Gwagwalada Area Council, which covers 

approximately 1,043 km² and has a population 

exceeding one million inhabitants. The area is 

geographically located between latitude 7°57′N and 

longitude 7°07′E and forms part of the floodplain of 

River Gurara at an average elevation of about 70 m 

above sea level (Badamosi et al., 2024; Ekpo & 

Haruna, 2022). The river sediments are continuously 

influenced by domestic waste disposal, agricultural 

activities, sewage discharge, industrial runoff, and sand 

mining, making them potential sinks for heavy metal 

accumulation. 

2.2 Description of Sediment Sampling Sites 

Twelve sediment sampling stations were established 

along River Gwagwalada, corresponding to locations 

influenced by varying anthropogenic activities. The 

sites included upstream reference points, urban 

bridges, agricultural zones, industrial inflow areas, 

confluence points, and densely populated riverbanks. 

Major activities observed included refuse dumping, 

discharge of sewage and industrial effluents, runoff 

from mechanic workshops, poultry and piggery waste 

discharge, and commercial sand fetching. The 

locations of the sampling stations are illustrated in 

Figure 1, with their geographical coordinates and 

elevations provided in Table 1 (Badamosi et al., 2024). 
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Figure 1: Sampling stations of the River Gwagwalada with adjoining cities, initial map (adopted from (Badamosi et al., 2024) 

Table 1: Sampling sites of River Gwagwalada with their geographical coordinates. 

Sampling site 

code 

Name of sampling site Latitude-N Longitude-E Elevation from sea 

level (M) 
S1 Exit point from River Usuma 9O 9’9.39’’ 7O 20’56.84” 190 

S2 Kubwa Midtown Bridge by 

Arab 

9O 12’9.32” 7O 23’32.45” 170 

S3 Kubwa Express- way bridge 9 O 9’22.20” 7 O 20’34.97” 230 

S4 Tasha 9 O 19’2.63” 7 O 5’11.83” 200 

S5 Gwagwa bridge 9 O 5’13.48” 7 O 18’41.98” 200 

S6 Juwa 8O59’33.27” 7O16’32.57” 210 

S7 Airport road bridge by Sauka 8 O 56’49.60” 7 O 15’37.42” 290 

S8 Gudaba 8 O 56’.07” 7 O 16’36.90” 380 

S9 Shetuko 8 O 53’37.20” 7 O 12’25.73” 310 

S10 Chikuku 8 O 52’56.27” 7 O 13’42.15”  

S11 Gwagwalada bridge 8 O 56’14.33” 7 O 5’36.17” 250 

S12 Old water treatment plant Gwa-

gwalada 

8 O 56’14.33” 7 O 5’36.17” 250 
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2.3       Sediment Sampling Procedure 

Twelve sampling stations were established along River 

Gwagwalada. One sediment sample was collected from 

each station during both the rainy and dry seasons, 

resulting in a total of twenty-four observations for 

statistical analysis. Approximately 500 g of sediment 

was sampled from each sampling station at a depth of 

about 50–60 cm adjacent to the riverbank. The samples 

were transferred to labeled polyethylene bags and 

conveyed to the laboratory for further analysis. 

2.4 Preparation and Digestion of Sediment 

Samples 

At the laboratory, sediment samples were air-dried for 

72 hrs, crushed using a ceramic mortar, and screened 

using a 75-µm mesh to collect the fine sediment 

fraction. The sediments were thoroughly homogenized 

prior to digestion. Complete digestion was performed 

using the aqua regia method, where 3 g of each 

collected sediment was digested with 20 mL of aqua 

regia (HNO₃: HCl, 1:3 ratio) in a conical flask and 

heated at 80–150 °C for 4–5 hours. Distilled water was 

added intermittently to prevent dryness. Total digestion 

was confirmed by the formation of a clear solution. The 

digest was cooled prior to filtration through Whatman 

No. 42 filter paper, and made up to 100 mL with 

deionized water. 

2.5 Determination of Heavy Metals in Sediments 

The concentrations of cadmium (Cd), nickel (Ni), 

cobalt (Co), iron (Fe), chromium (Cr), manganese 

(Mn), and zinc (Zn) in sediment samples were analyzed 

using a Thermo Scientific iCE 3000 series Atomic 

Absorption Spectrophotometer (AAS). All analytical 

determinations were carried out in triplicate to ensure 

reliability of results. 

2.6 Instrument Calibration and Quality Assurance 

Quality assurance and quality control (QA/QC) 

procedures were implemented throughout sample 

preparation and analysis to ensure data reliability. 

Instrument calibration was performed using certified 

multi-element standard solutions, and only calibration 

curves with correlation coefficients (R² ≥ 0.990) were 
accepted. Analytical quality control measures included 

reagent blanks, instrument blanks, duplicate analyses, 

and triplicate measurements to evaluate precision, 

accuracy, and potential contamination. Instrument 

performance was periodically verified during analysis 

to minimize analytical drift and ensure the consistency 

of measured metal concentrations (Correia & Rasteiro, 

2025). 

3 Results and Discussion: 

3.1 Heavy Metals in River Gwagwalada Sediments 

3.1.1 Distribution of Heavy Metals in Sediments 

Mean concentrations, ranges, and comparisons with 

WHO and USEPA sediment quality recommended 

values are presented in Table 2. Sediment metal 

concentrations decreased in the order: 

Fe > Mn > Zn > Co > Cr > Ni > Cd 

Sediments consistently showed higher metal 

concentrations than water, confirming their role as 

long-term sinks for heavy metals (Ellaway et al., 1982; 

Liu et al., 2024; Wakawa, 2012; Yousef et al., 1994). 

 

 

 

 

 

 

 

 

Table 2: Comparison of heavy metals in River Gwagwalada sediments with known standards   

Metal (mg/kg) Range Mean WHO USEPA 

Cd 0.02 – 0.99 0.52 6 0.6 

Co 5.6 – 39.85 17.46 20 - 

Cr 1.8 – 27.10 11.43 25 25 

Fe 1391.18 – 1836.26 1643.67 - 30 

Mn 94.67 – 1488.86 350.03 - 30 

Ni 1.00 – 14.78 11.16 20 16 

Zn 3.44 – 46.91 23.26 123 110 
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3.1.2 Cadmium (Cd) in Sediments 

Cadmium concentrations varied from 0.02 to 0.99 

mg/kg, with a mean value of 0.52 mg/kg (Figure 2 and 

Table 2). These values exceeded WHO (World Health 

Organization, 2011) sediment guidelines and were 

higher than values reported by Ugwu et al. and 

Mustapha et al.(Aminu et al., 2024; Comparative Study 

of Heavy Metal Pollution of Sediments in Odo-Owa 

and Yemoji Streams, Ijebu-Ode Local Government 

Area, Sw Nigeria, n.d.; Ugwu et al., 2011). Elevated Cd 

levels may be associated with refuse dumping, sewage 

sludge discharge, agricultural runoff, and leachates 

from Kyami dumpsite. Similar Cd enrichment has been 

reported for urban rivers in Ghana and Iraq (Duncan et 

al., 2018; Salah et al., 2012). Seasonal distribution 

showed slightly higher concentrations during the rainy 

season (Figure 3), reflecting enhanced surface runoff 

and soil erosion that transport Cd-contaminated 

particulates into the riverbed. This pattern is consistent 

with previous studies in West African river sediments, 

where rainy-season hydrology intensifies Cd 

accumulation in depositional zones (Amponsah et al., 

2022). 
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     Figure 2: Variation of Cadmium concentration in sediment sample along the River Gwagwalada course 

3.1.3 Cobalt (Co) in Sediments 

Cobalt concentrations varied from 5.6 to 39.85 mg/kg, 

with a mean value of 17.46 mg/kg (Figure 3 and Table 

2). Although the mean value is below WHO (World 

Health Organization, 2011) limits, several sites 

exceeded guideline values, particularly near highways 

and airport corridors. Comparable Co concentrations 

have been reported for River Euphrates and River 

Ganga sediments (Salah et al., 2012; Viers et al., 2009). 

Figure 3 revealed that there was a pronounced rainy-

season enrichment at traffic-dominated and 

downstream sites. The seasonal increase suggests 

stormwater-mediated transport of Co-bearing 

particulates derived from vehicular emissions, soil 

erosion, and urban runoff. Similar seasonal Co 

accumulation has been reported in sediments of urban 

rivers influenced by road traffic and surface runoff 

processes (Nguyen et al., 2020). 
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Figure 3: Variation of Cobalt concentration in sediment sample along River Gwagwalada course 

3.1.4 Chromium (Cr) in Sediments 

Chromium concentrations varied from 1.8 to 27.10 

mg/kg, with a mean value of 11.43 mg/kg (Figure 4). 

Except for isolated sites, Cr levels were below WHO 

and USEPA limits. These values are substantially 

lower than those reported for River Nzoia (Kenya) and 

River Euphrates (Iraq), indicating moderate Cr 

contamination (S. Omutange et al., 2022; Salah et al., 

2012). Figure 4 displayed mixed seasonal behavior 

characterized by rainy-season peaks upstream and dry-

season accumulation downstream. This spatial–

seasonal variability suggests combined effects of 

runoff-driven Cr inputs during rainfall and sediment 

remobilization or concentration during low-flow 

conditions. Comparable dual-season Cr dynamics have 

been observed in sediments of rivers affected by 

agricultural and urban activities (Patil et al., 2025). 
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Figure 4: Variation of Chromium concentration in sediment sample along River Gwagwalada course 
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3.1.5 Iron (Fe) in Sediments 

Iron concentrations ranged from 1391.18 to 1836.26 

mg/kg, with a mean value of 1643.67 mg/kg (Table 2 

and Figure 5). High Fe levels reflect natural 

geological sources combined with anthropogenic 

inputs. Comparable Fe concentrations have been 

reported for River Pra (Ghana) and Lake Edku (Iran) 

(Duncan et al., 2018; Saeed & Shaker, 2008). Figure 5 

and Table 3 showed significant seasonal variation (p < 

0.001), with increased values during the dry season. 

The dry-season enrichment reflects reduced flow 

velocity and enhanced sediment deposition, while 

rainy-season dilution lowers apparent concentrations. 

Elevated Fe levels are note­worthy indicators of 

erosion, quarrying, and urban drainage impacts, in 

line with results from similar riverine sediment studies 

(Liu et al., 2024)

.
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Figure 5: Variation of Iron concentration in sediment sample along River Gwagwalada course 

3.1.6 Manganese (Mn) in Sediments 

Manganese showed pronounced enrichment, ranging 

from 94.67 to 1488.86 mg/kg, with a mean value of 

350.03 mg/kg (Figure 6 and Table 2). These values 

exceed USEPA (Verovšek et al., 2020) limits, 

indicating heavy Mn pollution. Similar Mn 

bioaccumulation trends have been reported in heavily 

urbanized river systems (Duncan et al., 2018; Salah et 

al., 2012). Figure 6 and Table 3 showed pronounced 

rainy-season peaks. The elevated rainy-season Mn 

reflects intensive runoff and mobilization of Mn-rich 

soils and wastes into the sediment matrix. Similar Mn 

enrichment during high-flow periods has been widely 

reported in sediment studies of tropical river systems 

(Varol, 2020). 
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Figure 6: Variation of Manganese concentration in sediment sample along River Gwagwalada course 

3.1.7 Nickel (Ni) in Sediments 

Nickel concentrations varied from 1.00 to 21.72 mg/kg, 

with a mean value of 11.16 mg/kg (Figure 7 and Table 

2). Most sites were below WHO and USEPA limits, 

indicating minimal Ni pollution. These values are 

lower than those reported for River Euphrates and 

River Yangtze (Kassim et al., 1997; Rabee et al., 2009, 

2011; Raju et al., 2012; Wang et al., 2011). However, 

Figure 7 and Table 3 depicted higher concentrations 

during the rainy season. This pattern suggests runoff-

driven transport of Ni from surrounding soils and 

anthropogenic surfaces, consistent with seasonal 

sediment Ni enrichment reported in rivers influenced 

by mixed land-use activities (Varol, 2020). 
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Figure 7: Variation of Nickel concentration in sediment sample along River Gwagwalada course 

3.1.8 Zinc (Zn) in Sediments 

Zinc concentrations ranged from 3.44 to 46.91 mg/kg, 

with a mean value of 23.26 mg/kg (Table 2 and Figure 

8), remaining below WHO and USEPA limits. These 

values are less than those reported for River Pra and 

River Nzoia (Duncan et al., 2018; S. Omutange et al., 

2022). Table 3 and Figure 8 showed that both rainy and 

dry-season maxima occurring at quarry-influenced 

sites. The relatively moderate Zn levels indicate limited 

industrial input, while its persistence across seasons 

reflects strong sediment binding and localized 

anthropogenic influence. Similar Zn behavior has been 

documented in sediments of less industrialized river 

systems (Duncan et al., 2018). 

  



 Olanrewaju et al, 2026                                                                                               

 

62 
 

BJET, 2026, Vol. 21(2), 54-66 

 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12

0

10

20

30

40

50

60

Z
n
 C

o
n
ce

n
tr

a
tio

n
 (

m
g

/k
g
)

Sample Site

 Wet Season

 Dry Season

 

Figure 8: Variation of Zinc concentration in sediment sample along River Gwagwalada course 

3.2 Seasonal Variability of Heavy Metals in    

Sediments 

ANOVA results (Table 3) revealed statistically 

significant seasonal variations for Cd (p = 0.032), Fe (p 

< 0.001), and Ni (p = 0.002), whereas Co, Cr, Mn, and 

Zn showed no significant seasonal differences (p > 

0.05). The higher dry-season Fe concentrations may be 

attributed to reduced dilution and enhanced sediment 

accumulation during periods of low river discharge,  

while elevated rainy-season Ni concentrations may be 

associated with increased surface runoff, catchment 

inputs, and sediment resuspension processes 

(Aderinola et al., 2009; Saeed & Shaker, 2008). The 

significant seasonal variation observed for Cd may 

similarly reflect fluctuations in runoff intensity and 

anthropogenic inputs between seasons. 

Table 3: ANOVA test results for seasonal variability of heavy metals in sediments of River Gwagwalada 

 Sum of Squares Df Mean Square F Sig. 

Cd 

Inter-Groups .583 1 .583 5.249 .032 

Intra-Groups 2.443 22 .111   

Total 3.025 23    

Co 

Inter-Groups 112.927 1 112.927 1.493 .235 

Intra-Groups 1664.529 22 75.660   

Total 1777.455 23    

Cr 

Inter-Groups 597.882 1 597.882 2.380 .137 

Intra-Groups 5526.631 22 251.210   

Total 6124.513 23    

Fe 

Inter-Groups 188159328.001 1 188159328.001 1253.062 .001 

Intra-Groups 3303512.710 22 150159.669   

Total 191462840.711 23    

Mn 

Inter-Groups 166798.359 1 166798.359 2.060 .165 

Intra-Groups 1781183.403 22 80962.882   

Total 1947981.762 23    

Ni 

Inter-Groups 220.342 1 220.342 12.037 .002 

Intra-Groups 402.728 22 18.306   

Total 623.070 23    
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 Sum of Squares Df Mean Square F Sig. 

Zn 

Inter-Groups 6466.262 1 6466.262 .796 .382 

Intra-Groups 178704.772 22 8122.944   

Total 185171.034 23    

 

3.3 Sediment Contamination Classification 

The mean concentrations of Cd, Co, Cr, Fe, Mn, Ni, 

and Zn were compared with the adopted sediment 

quality criteria (Table 4). The results indicated that the 

concentrations of Fe, Ni, and Zn were within 

permissible limits and therefore did not suggest 

sediment pollution. Although variations were observed 

among the metals, the overall concentration levels were 

generally low, indicating limited contamination within 

the study area. The downstream increase in metal 

concentrations may be associated with sediment 

transport, depositional processes, and localized 

anthropogenic activities along the river corridor. 

Table 4: USEPA sediments contamination guidelines (mg/kg) 

Metal Not 

polluted 

Fairly 

Polluted 

Severely 

Polluted 

Current study 

Conc. Level 

Cd -- -- > 6 0.02 - 0.99 

Co -- -- -- 5.60 - 39.05 

Cr < 25 25-75 > 75 1.80 – 27.10 

Fe < 1700 1700-2500 > 2500 1391.18-1830.26 

Mn < 300 300-500 > 500 94.67-1488.86 

Ni < 20 20- 50 > 50 1.00-14.78 

Zn < 90 90-200 > 200 3.44-46.91 

 

3.4 Contamination Factor (CF) and Pollution 

Load Index (PLI) 

To provide a more comprehensive assessment of 

sediment quality, the Contamination Factor (CF) and 

Pollution Load Index (PLI) were calculated using 

average shale background concentrations proposed by 

Turekian & Wedepohl, (1961). These indices have 

been widely used in both classical and recent studies of 

sediment contamination (Popoola, 2023; S. Omutange 

et al., 2022; Tomlinson et al., 1980; Yozukmaz & 

Yabanlı, 2023). The contamination factor (CF) was 

computed as the ratio of the measured metal 

concentration to its corresponding background 

concentration, while the pollution load index (PLI) was 

determined as the geometric mean of the contamination 

factors for all analyzed metals. The degree of 

contamination was classified as low (CF < 1), moderate 

(1 ≤ CF < 3), considerable (3 ≤ CF < 6), and very high 

(CF ≥ 6). Similarly, PLI  

values less than 1 indicate unpolluted sediments, a 

value of 1 represents baseline pollution levels, and 

values greater than 1 indicate polluted conditions. The 

use of CF and PLI provides a quantitative evaluation of 

both individual metal contamination and the overall 

pollution status of the sediment environment 

(Tomlinson et al., 1980; Turekian & Wedepohl, 1961). 

𝐶𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 (𝐶𝐹) =  
𝐶𝑠𝑎𝑚𝑝𝑙𝑒

𝐶𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
           (1) 

Where Csample is the concentration of the metal 

measured in your sediment sample (mg/kg). 

and Cbackground is the natural concentration of the metal 

before anthropogenic influence. 

𝑃𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛 𝐿𝑜𝑎𝑑 𝐼𝑛𝑑𝑒𝑥 (𝑃𝐿𝐼) =  (𝐶𝐹1 × 𝐶𝐹2 ×

… … … … .× 𝐶𝐹𝑛)
1

𝑛⁄          (2) 
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Table 5: Contamination Factor (CF) and Pollution Load Index (PLI) of the Heavy Metals 

Metal Mean (mg/kg) Background (mg/kg) CF Pollution Status 
Cd 0.52 0.30 1.73 Moderate contamination 

Co 17.46 19.00 0.92 Low contamination 

Cr 11.43 90.00 0.13 Low contamination 

Fe 1643.67 47200.00 0.035 Low contamination 

Mn 350.03 850.00 0.41 Low contamination 

Ni 11.16 68.00 0.16 Low contamination 

Zn 23.26 95.00 0.25 Low contamination 

The Overall PLI is 0.25, which is unpolluted 

Contamination factor (CF) and pollution load index 

(PLI) were employed to further evaluate the 

contamination status of River Gwagwalada sediments 

(Table 5). Cadmium exhibited moderate contamination 

(CF = 1.73), whereas Co, Cr, Fe, Mn, Ni, and Zn 

showed low contamination levels (CF < 1). The 

moderate enrichment observed for cadmium suggests 

possible anthropogenic inputs within the river 

catchment, while the low CF values of the remaining 

metals indicate minimal enrichment relative to their 

background concentrations. Furthermore, the overall 

PLI value of 0.25 was less than unity, indicating that 

the sediments are generally unpolluted with respect to 

the combined heavy metal burden. These findings are 

consistent with the concentration-based assessment 

presented in Table 4 and agree with previous studies 

that reported low overall sediment pollution despite 

localized enrichment of specific metals using CF and 

PLI approaches(Popoola, 2023; Yozukmaz & Yabanlı, 

2023). 

4. Conclusion 

The analysis of sediments from River Gwagwalada 

revealed a general increase in heavy metal 

concentrations from upstream to downstream 

locations, suggesting the influence of sediment 

transport, depositional processes, tributary inputs, and 

localized anthropogenic activities within the river 

catchment. Contamination factor (CF) analysis 

indicated moderate contamination by cadmium (CF = 

1.73), whereas Co, Cr, Fe, Mn, Ni, and Zn exhibited 

low contamination levels (CF < 1). Furthermore, the 

overall Pollution Load Index (PLI = 0.25) indicated 

that the sediments were generally unpolluted with 

respect to the combined heavy metal burden. Although 

the current contamination levels are relatively low, the 

accumulation of heavy metals in sediments may 

potentially pose ecological concerns if inputs increase 

over time. 

To minimize future contamination, public awareness 

programmes should be implemented to educate 

residents on the environmental implications of heavy 

metal pollution and encourage responsible waste 

disposal practices. Collaboration with regulatory 

agencies such as National Environmental Standards 

and Regulations Enforcement Agency (NESREA) and 

Abuja Environmental Protection Board (AEPB) is 

essential for effective pollution control and sustainable 

river management. Future studies should include 

sediment sampling at multiple depths and assess 

additional potentially toxic elements such as arsenic, 

mercury, lead, vanadium, and copper to provide a more 

comprehensive evaluation of sediment quality and 

contamination status. 

 

References 

Abdel-Ghani, N. T., & Elchaghaby, G. A. (2007). 

Influence of operating conditions on the removal 

of Cu, Zn, Cd and Pb ions from wastewater by 

adsorption. International Journal of 

Environmental Science & Technology, 4(4), 451–

456. https://doi.org/10.1007/BF03325980 

Aderinola, O. J., Clarke, E. O., Olarinmoye, O. M., 

Kusemiju, V., & Anatekhai, M. A. (2009). 

Heavy Metals in Surface Water, Sediments, Fish 

and Perwinklesof Lagos Lagoon. Environ. Sci. 

Aminu, M., Haruna, A. U., Nataala, H. G., & Aminu, 

A. (2024). Determination of Some Heavy Metals 

in Water and Sediment Samples from Maska 

Dam, Katsina State, Nigeria. Dutse Journal of 
Pure and Applied Sciences, 10(1c), 184–190. 

https://doi.org/10.4314/dujopas.v10i1c.17 

Amponsah, T. Y., Danuor, S. K., Wemegah, D. D., & 

Forson, E. D. (2022). Groundwater potential 

characterisation over the Voltaian basin using 

geophysical, geological, hydrological and 

topographical datasets. Journal of African Earth 

Sciences, 192, 104558. 

https://doi.org/10.1016/j.jafrearsci.2022.104558 

Atkinson, C. A., Jolley, D. F., & Simpson, S. L. 

(2007). Effect of overlying water pH, dissolved 

oxygen, salinity and sediment disturbances on 

metal release and sequestration from metal 

contaminated marine sediments. Chemosphere, 

69(9), 1428–1437. 

https://doi.org/10.1016/j.chemosphere.2007.04.0

68 

Badamosi, A. P., Olutumise, A. I., Olukoya, O. P., 

Adegoroye, A., & Aturamu, O. A. (2024). 

Socioeconomic impacts of flooding and its 



 Olanrewaju et al, 2026                                                                                               

 

65 
 

BJET, 2026, Vol. 21(2), 54-66 

 
coping strategies in Nigeria: Evidence from 

Dagiri community, Gwagwalada area council of 

Abuja. Natural Hazards Research, 4(3), 374–

386. https://doi.org/10.1016/j.nhres.2023.09.010 

Balali-Mood, M., Naseri, K., Tahergorabi, Z., 

Khazdair, M. R., & Sadeghi, M. (2021). Toxic 

Mechanisms of Five Heavy Metals: Mercury, 

Lead, Chromium, Cadmium, and Arsenic. 

Frontiers in Pharmacology, 12, 643972. 

https://doi.org/10.3389/fphar.2021.643972 

Mustapha, O.M., & Lawal, O.S. (2014). Comparative 

Study of Heavy Metal Pollution of Sediments in 

Odo-Owa and Yemoji Streams, Ijebu-Ode Local 

Government Area, Sw Nigeria. IOSR Journal of 

Applied Chemistry, Vol 7, Issue 12, Pages 12-

17. 

Correia, A., & Rasteiro, M. (2025). A Review of 

Persistent Soil Contaminants: Assessment and 

Remediation Strategies. Environments, 12(7), 

229. 

https://doi.org/10.3390/environments12070229 

Duncan, A. E., De Vries, N., & Nyarko, K. B. (2018). 

Assessment of Heavy Metal Pollution in the 

Sediments of the River Pra and Its Tributaries. 

Water, Air, & Soil Pollution, 229(8), 272. 

https://doi.org/10.1007/s11270-018-3899-6 

Ekpo, C. G & Haruna, I. O. (2022). Poverty and 

Environmental Sustainability: A Case Study of 
Gwagwalada Area Council, FCT, Abuja (Pt. 

432-438). Volume VI(XI). 

Ellaway, M., Hart, B., & Beckett, R. (1982). Trace 

metals in sediments from the Yarra River. 

Marine and Freshwater Research, 33(5), 761–

778. https://doi.org/10.1071/MF9820761 

Islam, M. S., Ahmed, M. K., Raknuzzaman, M., 

Habibullah -Al- Mamun, M., & Islam, M. K. 

(2015). Heavy metal pollution in surface water 

and sediment: A preliminary assessment of an 

urban river in a developing country. Ecological 
Indicators, 48, 282–291. 

https://doi.org/10.1016/j.ecolind.2014.08.016 

Kassim, T. I., Al‐Saadi, H. A., Al‐Lami, A. A., & Al‐

Jaberi, H. H. (1997). Heavy metals in water, 

suspended particles, sediments and aquatic plants 

of the upper region of Euphrates river, Iraq. 

Journal of Environmental Science and Health . 

Part A: Environmental Science and Engineering 

and Toxicology, 32(9–10), 2497–2506. 

https://doi.org/10.1080/10934529709376698 

Konietzny, R., Koschine, T., Rätzke, K., & Staudt, C. 

(2014). POSS-hybrid membranes for the removal 

of sulfur aromatics by pervaporation. Separation 
and Purification Technology, 123, 175–182. 

https://doi.org/10.1016/j.seppur.2013.12.024 

Li, H., Shi, A., Li, M., & Zhang, X. (2013). Effect of 

pH, Temperature, Dissolved Oxygen, and Flow 

Rate of Overlying Water on Heavy Metals 

Release from Storm Sewer Sediments. Journal of 

Chemistry, 2013(1), 434012. 

https://doi.org/10.1155/2013/434012 

Liu, Z., Wu, Q., He, C., Zhang, P., Wang, X., Luo, Z., 

Yang, L., & Huang, C. (2024). Ecological risk 

and chemical speciation of heavy metals in 

surface sediments of the Pearl River Estuary for 

comprehensive assessment. Frontiers in 
Environmental Science, 12, 1509277. 

https://doi.org/10.3389/fenvs.2024.1509277 

Masindi, V., & Muedi, K. L. (2018). Environmental 

Contamination by Heavy Metals. In H. E.-D. M. 

Saleh & R. F. Aglan (Eds.), Heavy Metals. 

InTech. 

https://doi.org/10.5772/intechopen.76082 

Miller, J. R., Hudson-Edwards, K. A., Lechler, P. J., 

Preston, D., & Macklin, M. G. (2004). Heavy 

metal contamination of water, soil and produce 

within riverine communities of the Rı́o 

Pilcomayo basin, Bolivia. Science of The Total 

Environment, 320(2–3), 189–209. 

https://doi.org/10.1016/j.scitotenv.2003.08.011 

Nguyen, B. T., Do, D. D., Nguyen, T. X., Nguyen, V. 

N., Phuc Nguyen, D. T., Nguyen, M. H., Thi 

Truong, H. T., Dong, H. P., Le, A. H., & Bach, 

Q.-V. (2020). Seasonal, spatial variation, and 

pollution sources of heavy metals in the sediment 

of the Saigon River, Vietnam. Environmental 
Pollution, 256, 113412. 

https://doi.org/10.1016/j.envpol.2019.113412 

Olowojuni, O. A., Amulejoye, F. D., Ikuesan, B. B., 

Maulu, S., Bwalya, H., & Hasimuna, O. J. 

(2025). Water quality, heavy metal 

contamination, and ecological risk assessment in 

Asejire reservoir, Nigeria. Journal of Freshwater 
Ecology, 40(1), 2516505. 

https://doi.org/10.1080/02705060.2025.2516505 

Omutange, S. E., Manyala, O., Wekesa, J. N.,  Osano, 

A., Munyao, O., Otieno, T. A., & Etiégni, L. 

(2022). Distribution of Potentially Toxic 

Elements in Water, Sediment and Soils in the 

Riparian Zones around a Kraft Pulp and Paper 

Mill in Western Kenya. In H. M. Saleh & A. I. 

Hassan (Eds.), Environmental Impact and 

Remediation of Heavy Metals. IntechOpen. 

https://doi.org/10.5772/intechopen.102440 

Patil, A., Chakraborty, S., Yadav, Y., Sharma, B., 

Singh, S., & Arya, M. (2025). Bioremediation 

strategies and mechanisms of bacteria for 

resistance against heavy metals: A review. 

Bioremediation Journal, 29(4), 448–480. 

https://doi.org/10.1080/10889868.2024.2375204 

Popoola, S. O. (2023). Pollution indices and 

ecological risk assessment of major elements and 
trace metals in the marine sediment of the 

western Nigeria continental shelf, Gulf of 
Guinea. 

Rabee, A. M., Abd, A.-A.-H. N., Ministry of Science 

and Technology., Nameer, M., & Department of 



 Olanrewaju et al, 2026                                                                                               

 

66 
 

BJET, 2026, Vol. 21(2), 54-66 

 
Biology, College of Science, University of 

Baghdad. (2011). Using Pollution Load Index 

(PLI) and Geoaccumulation Index (I-Geo) for the 

Assessment of Heavy Metals Pollution in Tigris 

River Sediment in Baghdad Region. Journal of 
Al-Nahrain University Science, 14(4), 108–114. 

https://doi.org/10.22401/JNUS.14.4.14 

Rabee, A. M., Al-Fatlawy, Y. F., & Najim, A.-A.-H. 

(2009). Seasonal Variation and Assessment of 

Heavy Metals Pollution in Sediments from 
Selected Stations in Tigris and Euphrates Rivers, 

Central Iraq. 

Saeed, S. M., & Shaker, I. M. (2008). Assessment of 

Heavy Metals Pollution in Water and Sediments 

and Their Effect on Oreochromisniloticus in the 
Northern Delta Lakes, Egypt. 475–489. 

Salah, E. A. M., Zaidan, T. A., & Al-Rawi, A. S. 

(2012). Assessment of Heavy Metals Pollution in 

the Sediments of Euphrates River, Iraq. Journal 

of Water Resource and Protection, 04(12), 1009–

1023. https://doi.org/10.4236/jwarp.2012.412117 

Tomlinson, D. L., Wilson, J. G., Harris, C. R., & 

Jeffrey, D. W. (1980). Problems in the 

assessment of heavy-metal levels in estuaries and 

the formation of a pollution index. Helgoländer 

Meeresuntersuchungen, 33(1–4), 566–575. 

https://doi.org/10.1007/BF02414780 

Turekian, K. K., & Wedepohl, K. H. (1961). 

Distribution of the Elements in Some Major 

Units of the Earth’s Crust. Geological Society of 

America Bulletin, 72(2), 175. 

https://doi.org/10.1130/0016-

7606(1961)72%5B175:DOTEIS%5D2.0.CO;2 

Ugwu, E., Dim, C., Okonkwo, C., & Nwankwo, T. 

(2011). Maternal and perinatal outcome of severe 

pre-eclampsia in Enugu, Nigeria after 

introduction of Magnesium sulfate. Nigerian 

Journal of Clinical Practice, 14(4), 418. 

https://doi.org/10.4103/1119-3077.91747 

Varol, M. (2020). Environmental, ecological and 

health risks of trace metals in sediments of a 

large reservoir on the Euphrates River (Turkey). 

Environmental Research, 187, 109664. 

https://doi.org/10.1016/j.envres.2020.109664 

Venkatesha Raju, K., Somashekar, R. K., & Prakash, 

K. L. (2012). Heavy metal status of sediment in 

river Cauvery, Karnataka. Environmental 

Monitoring and Assessment, 184(1), 361–373. 

https://doi.org/10.1007/s10661-011-1973-2 

Verovšek, T., Krizman-Matasic, I., Heath, D., & 

Heath, E. (2020). Site- and event-specific 

wastewater-based epidemiology: Current status 

and future perspectives. Trends in Environmental 

Analytical Chemistry, 28, e00105. 

https://doi.org/10.1016/j.teac.2020.e00105 

Viers, J., Dupré, B., & Gaillardet, J. (2009). Chemical 

composition of suspended sediments in World 

Rivers: New insights from a new database. 

Science of The Total Environment, 407(2), 853–

868. 

https://doi.org/10.1016/j.scitotenv.2008.09.053 

Wakawa, R. J. (2012). Spatial distribution of heavy 

metals in river usuma sediments and study of 

factors impacting the concentration. 

Wang, H., Dong, Y., Yang, Y., Toor, G. S., & Zhang, 

X. (2013). Changes in heavy metal contents in 

animal feeds and manures in an intensive animal 

production region of China. Journal of 

Environmental Sciences, 25(12), 2435–2442. 

https://doi.org/10.1016/S1001-0742(13)60473-8 

Wang, Y., Yang, Z., Shen, Z., Tang, Z., Niu, J., & 

Gao, F. (2011). Assessment of heavy metals in 

sediments from a typical catchment of the 

Yangtze River, China. Environmental 

Monitoring and Assessment, 172(1–4), 407–417. 

https://doi.org/10.1007/s10661-010-1343-5 

World Health Organization (Ed.). (2011). Guidelines 
for drinking-water quality (4th ed). World Health 

Organization. 

Yousef, Y. A., Lin, L., Lindeman, W., & Hvitved-

Jacobsen, T. (1994). Transport of heavy metals 

through accumulated sediments in wet ponds. 

Science of The Total Environment, 146–147, 

485–491. https://doi.org/10.1016/0048-

9697(94)90273-9 

Yozukmaz, A., & Yabanlı, M. (2023). Heavy Metal 

Contamination and Potential Ecological Risk 

Assessment in Sediments of Lake Bafa (Turkey). 

Sustainability, 15(13), 9969. 

https://doi.org/10.3390/su15139969 

Zhang, J., Li, X., Guo, L., Deng, Z., Wang, D., & Liu, 

L. (2021). Assessment of heavy metal pollution 

and water quality characteristics of the reservoir 

control reaches in the middle Han River, China. 

Science of The Total Environment, 799, 149472. 

https://doi.org/10.1016/j.scitotenv.2021.149472 

 



  C o n t a m i n a t i o n   F a c t o r    ( C F ) =       C  s a m p l e    C  b a c k g r o u n d


  P o l l u t i o n   L o a d   I n d e x    ( P L I ) =      ( C F 1 × C F 2 × … … … … . × C F n )   1  n

