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Abstract 

Various anthropogenic activities such as urbanisation and industrialisation 
have significantly increased the concentration of contaminants in the aquatic 
environment with various degrees of impact. With specific interest on the 
contaminants in a dockyard environment, the study assesses the potentially 
toxic elements-PTEs (Iron (Fe), Nickel (Ni), Cadmium (Cd), Barium (Ba), 
Vanadium (Va), Mercury (Hg), Zinc (Zn), Lead (Pb), Chromium (Cr) and 
Copper (Cu))  concentration in the bottom sediment of the dockyard creek in 
Port Harcourt, Nigeria using atomic absorption spectrophotometer model AA 
ZT 09. Results obtained from this study showed that the pH values ranged 
from 5.28 to 5.40 while the Electrical conductivity (EC) values varied from 
15510 to 16160.53 µS/cm. The concentrations of Fe, Zn, Mn, Pb, and Cu are 
significantly different across the zones and control site at P < 0.05. The 
elevated levels of Fe, Zn, Mn, Pb, and Cu in Zones 1, 2, and 3 compared to the 
control site suggest substantial contamination in these areas. Effective 
monitoring and management strategies are crucial to mitigate PTEs pollution.  

 

Introduction 

Environmental contaminants such as Potentially Toxic Elements 
(PTEs) hydrocarbon are substances or compound that are present in 
the natural environment at levels higher than their permissible limits 
(Rahman et al., 2019). Industrialization and urbanization have 
emerged as the major causes of environmental pollution over the last 
few decades. The utilization of natural resources at a careless rate 
creates disturbances in the environment and causes several related 
problems (Singh et al., 2023). There are several types of pollutants, 
such as organic, inorganic, metallic, gaseous and biological pollutants, 
which contaminate the environment (Singh et al., 2023). 
Contamination from metallic ions in water arises due to several natural 
and anthropogenic activities, which harm animals and plants (Kinuthia 
et al., 2020). Among various environmental medium, aquatic 
environment remains the most polluted and sinker of several 
contaminants as a result of human and natural influence (Singh et al., 
2023). 

Potentially Toxic Elements (PTEs) consist of metals, semimetals, and 
non-metals that are naturally present in the human environment as a 
result of weathering action of parent materials, which may or may not 
have any biological importance to living organisms (Carvalho et al., 
2022; Pan et al., 2018). PTEs are environmentally concerned due to 
their persistence, toxicity, bioaccumulation, and biomagnification  
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(Marin et al., 2022). At high concentrations, they pose 
health risks to organisms, including humans (Afolabi et 
al., 2022). Various anthropogenic actions such as 
mineral resources development, metal processing and 
smelting, industrial emissions, application of fertilisers 
and pesticides, sewage irrigation, and landfill systems 
have increased the concentration of PTEs in the global 
environment over the years and accumulated in 
environmental media (Chen et al., 2015; Afolabi and 
Eludoyin, 2021). Although, natural phenomena such as 
metal corrosion, atmospheric deposition, soil erosion of 
metal ions, volcanic eruptions and weathering can 
contribute to the concentration of PTEs in the 
environment (Omutange et al., 2022; Goher et al., 2019; 
Sharma et al., 2021). 

Various anthropogenic activities such as urbanisation 
and industrialisation have significantly increased the 
concentration of contaminants in the aquatic 
environment (Martin et al., 2015; Ali et al., 2016) with 
various degrees of impact (Ahmeed et al., 2015). Such 
that in aquatic environments, sediment serves as a 
sinker of many of the contaminants, and is also used to 
monitor the environment to evaluate the extent of 
contaminants concentration (Islam et al., 2015). The 
impact of anthropogenic activities on the aquatic 
environment can be assessed based on the water and 
sediment of the ecosystem (Salem et al., 2015), and the 
outcome can support the management of the 
environment (Afolabi et al., 2022). In Nigeria, studies 
have asserted the presence of PTEs such as lead (Pb), 
zinc (Zn), chromium (Cr), cadmium (Cd), nickel (Ni), 
mercury (Hg), copper (Cu), Barium (Ba), Manganese 
(Mn), Vanadium (V) and iron (Fe) in the Niger Delta 
environment (Onakpa et al, 2018; Wongbunmak et al; 
2020, Adebambo et al, 2020; Afolabi & Eludoyin, 2021). 
The route of entry of most contaminants into the human 
system can be by ingestion, inhalation, dermal 
absorption etc. (Wongbunmak et al; 2020; Asejeje et al, 
2021; Ahmad et al, 2021; El-Zeiny and El-Hamid, 2022). 

With specific interest on the contaminants in a 

dockyard environment due to various anthropogenic 

activities, Basheeru et al. (2022) reported 

environmental concern for Lagos dockyard due to high 

concentration of PTEs such as Cd, Pb and Cr which 

further increase human exposure. The dockyard creek 

being a component in the region saddled with issues of 

transportation, freight and other commercial activities 

plays host to huge pollution from adults and children on 

daily basis. The environmental quality, pollution and 

safety concerns is paramount. With limited study 

regarding the environmental status of dockyard creek 

in Port Harcourt, the present study assessed the 

potentially toxic elements concentration in the bottom 

sediment of the dockyard creek in Port Harcourt, 

Nigeria. 

   

Materials and Method 

Study Area 

The sampling location was the Port Harcourt dockyard, 

which is situated along the Bonny River, approximately 

30 kilometers Downstream from the Gulf of Guinea, 

which in turn is a large body of water connected to the 

Atlantic Ocean. . It is located between latitude 4° 

46’59’N and 7° 01’59’E (Niger Delta Development 

Commission, 2023) (Figure 1).  The Niger Delta is the 

most inhabited Delta in the World. It covers 70,000 km2 

with a third being wetlands and hosts the largest 

Mangrove in the World (Nyananyo, 1999). The Niger 

Delta is also the largest river delta in Africa and the 

third largest in the World. The Bonny River is a major 

tributary of the Niger Delta, which empties into the Gulf 

of Guinea and the Atlantic Ocean, providing access to 

international shipping lanes. It was chosen mainly 

because of its location in the river system and networks, 

which is considered as an important gateway for 

maritime trade in the region connecting Nigeria to the 

global markets.  

Data Collection and Procedure 

Within the study area, various designated points were 

identified and represented in the study map (Figure 1) 

and positioning was carried out using a hand-held 

Global Positioning System.  

 i Upstream (4°44'33” S, 70 00’ 41” E) is the 

location at the Isaka/Ibeto axis usually busy 

with commercial as well as boat transportation 

activities, along the Bonny River network.  

 ii The second zone (4°45'01"N 7°01'02"E) is the 

midstream where the river flow is intertwined 

and polluted with the activities of the 

community dwellers at Bundu, a commercial 

nerve center, busy environment with boat 

movements, fishing activities combined with 

shoreline pollution due to boat fueling, 

scrapings and fabrications at the NPA 

Dockyards as well as shoreline dumping along 

the Bundu Ama axis by the community 

dwellers. 

 iii The Downstream (4°45'19"N 7°01'27"E) area 

is located at the Nembe waterside where 

artisanal refining, local alcohol and wood 

trading are carried out, lubricants sold, and 

local transportation networks are carried out. 

 iv The Control area (4°44'52"N 7°01'31"E) 

located at Ikpukwulu is a quiet and serene 

environment chosen as a control because of  

 

Results and Discussion  
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 Figure 1: Overview of the Study Area and Sampling Points 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

  

little or no anthropogenic activities being carried out in 

this location.  

Sediment samples were collected following standard 

procedures as described by Isaac & Nwineewii (2024) 

with slight modifications. Two (2) sediment samples 

were taken from each station in triplicates from the 

Bonny River over a two weeks’ period in November 

2023. The sampling period was dry with precipitation 

and average daily temperatures displaying no trend 

along the transect. The sediment samples were 

collected transversely from each station along the river 

using a stainless steel Eckman grab (to avoid metal 

contamination) to collect the top layer soft sediment 

(≈10 cm in depth). The samples were taken 

approximately 1m from the shore. Samples were put 

into well-labelled foil bags (indicating sampling point 

information and time of sampling) and placed into ice 

chest coolers at 40C and transferred to the laboratory 

(Tidal Flow).  

Laboratory Analysis 

Sediment samples collected were analysed for relevant 

physicochemical properties (pH and electrical 

conductivity) and PTEs. The pH of sediment samples 

was determined potentiometrically following standard 

methods as stipulated by Adekunle & Isaac (2019)  

while EC analysis followed the procedure described by 

Uwanta et al, (2024). For the PTEs, all analysis was 

based on American Public Health Association standard-

APHA (APHA, 2012) and American Standard for Testing 

Materials- ASTM (ASTM, 2012) accepted standard 

procedures and analytical method described by Wogi et 

al (2021), while the PTEs concentration was 

determined by atomic absorption spectrophotometer 

model AA ZT 09. 

Quality assurance/control (QA/QC) ensures that 

analyses are done at standard procedures, triplicate 

analyses and mean estimation for accuracy and 

precision. All analyses were subjected to quality 

reagents while instruments were sterilized, soaked in 

10% HNO3 in 1% HCl solution, washed adequately with 

deionized water, and desiccated. Detection limits, 

including LOD and LOQ, were estimated as LOD = 3 σ/S, 

LOQ = 10 σ/S, respectively, where σ is the SD (standard 

deviation) of analytical blank measurement (n = 18). At 

the same time, S is the slope of the calibration curve (y 

= mx + b) (Ahmad et al., 2021). 

Results and Discussion  

The concentration of Physicochemical and PTEs in the 

sediment of the study areas was presented in Table 1 

and Table 2.  
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Table 1: Physicochemical Properties of the Bottom Sediment of Dockyard Creek 

 Zone 1: Upstream Zone 2: Midstream Zone 3: Downstream Control F 
Statistic 

P 
value 

pH 5.28 – 5.4 (5.33± 0.06 ) 5.43 - 6.57 (6.10 ± 0.60) 5.57 - 6.28 (6.02 ± 0.39) 5.15 - 6.57 (6.18 ± 0.74) 11.32 0.01 

EC 
(µS/cm) 

15510 – 16160 (15850 ± 
326.0) 

10270 – 19160 (15643.3 ± 
4726.9) 

14430 – 21500 (17270 ± 
3734.3) 

430 – 5680 (4870 
±702.4) 

34.45 0.0001 

 
 
Table 2: PTEs Concentration in the Bottom Sediment of Dockyard Creek 

Sampling 
Location 

Fe Zn Mn Pb Cu Cr Cd Ni Ba V 

Zone 1: 
Upstream 

2601.9 – 
268317 

(2645.96 
±41.05) 

36.91 - 
53.92 

(43.92± 
8.89) 

54.25 - 
62.84 
(58.87 
±4.33) 

8.27 - 
10.95 

(9.52 ± 
0.35) 

6.01 - 7.14 
(6.47 

±0.59) 

4.43 -7.47 
(5.81 ±1.53) 

0.49 - 1.06 
(0.72 ±0.30) 

5.08 - 6.56 
(5.9 ±0.75) 

0.2 - 0.38 
(0.28 ± 0.09) 

0.05 - 0.08 
(0.07 ± 0.02) 

Zone 2: 
Midstream 

2047.9 - 
2221.1 
(2118.6 
±90.88) 

29.87-36.33 
(32.46 ± 

3.41) 

31.92 -
35.05 
(33.89 
±1.72) 

6.7 - 7.32 
(7.05 ± 
0.32) 

7.64 - 9.08 
(8.37 

±0.72) 

5.16 - 6.08 
(5.66 ±0.47) 

 

0.59 - 0.72 
(0.65 ±0.07) 

4.08 - 5.18 
(4.72 ±0.57) 

0.20 - 0.22 
(0.21 ± 0.01) 

0.07 - 0.15 
(0.11 ± 0.04) 

Zone 3: 
Downstream 

2682.9 - 
3151.7 
(2940.5 
±237.8) 

50.93 - 
61.39 (56.2 

±5.23) 

49.52 - 92.2 
(64.21 

±24.25) 

19.35-
38.92 
(32.66 
±5.43) 

6.31-12.1 
(8.68 

±3.03) 

5.46 - 8.67 
(6.89 ±1.63) 

6.5 -7.19 
(6.96 ±0.40) 

 

2.19 - 5.05 
(3.78 ±1.45) 

0.13 - 0.16 
(0.143 ± 

0.02) 

0.03 - 0.06 
(0.043 ± 

0.01) 

Control 
59.33 - 73.92 
(67.71 ±7.53) 

34.25 - 
36.92 
(35.74 
±1.36) 

16.7 - 24.27 
(20.20 
±3.82) 

5.97 - 7.14 
(6.75 ± 
0.67) 

3.97- 4.63 
(4.37 

±0.35) 

 
0.81 - 0.82 

(0.82 ±0.01) 

0.21 - 0.34 
(0.26 ±0.07) 

0.19 - 0.22 
(0.21 ±0.02) 

0.08 - 0.09 
(0.08 ± 0.01) 

ND 

F statistics 21.6 15.04 19.98 19.68 16.01 56.29 55.6 56.89 54.75 53.98 

P-value 0.0001 0.0017 0.0002 0.0002 0.0012 0.000001 0.000001 0.000001 0.000001 0.000001 

*FEPA 50000 200 1000 100 1.00 43.4 0.6 18.1 51.8 17.4 

**TEL 20000 120 460 30.24 18.7 111.4 3.5 36.1 170.4 34.6 

***PEL 40000 120 1100 112.2 108 100 5.0 50 500 50 

All parameters measured in mg/kg, *FEPA: Federal Environmental Protection Agency, **TEL: Threshold Effect Level, ***PEL (Probable Effect Level) 
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Physicochemical Properties 

The results obtained in this study show the trend in pH 

as Upstream (Zone 1) < Downstream (Zone 3) < 

Midstream (Zone 2) < Control. The lowest pH (5.33 ± 

0.06), suggesting a higher acidity level in the Upstream 

of dockyard is consistent with other studies showing 

Upstream areas often receive runoff and pollutants, 

leading to lower pH.  

Again, sandy areas might support burrowing 

organisms, while muddy (clay and silt) areas might 

support different types of benthic fauna. The 

midstream showed a higher pH (6.10 ± 0.60), indicating 

a less acidic environment compared to Upstream. The 

wide standard deviation suggests variability, possibly 

due to fluctuating pollution levels or natural buffering 

capacity while the pH (6.02 ± 0.39) of the Downstream 

is slightly lower than Midstream but higher than 

Upstream, reflecting a moderate acidity level. This 

could be due to less pollution and more natural water 

sources. However, the control location has the highest 

pH (6.18 ± 0.74), suggesting a relatively neutral 

environment. The large standard deviation indicates 

variability, potentially from different water sources or 

seasonal changes. 

Electrical conductivity (EC) is a measure of the ability 

of a system to conduct electricity, which is directly 

related to the concentration of dissolved ions in the 

water sediment. High EC values typically indicate high 

levels of dissolved salts and pollutants, which can be 

linked to anthropogenic activities such as industrial 

discharge, agricultural runoff, and sewage effluent.in 

Zone 1 which comprises the Upstream area under 

study, a high mean EC value of 15850 ± 326.0 µS/cm, 

varying from 15510 to 16160 µS/cm suggests 

significant contamination, likely due to the 

accumulation of pollutants from Downstream and 

midstream sources. This could be as a result of 

industrial discharges, urban runoff, and other human 

activities that introduce contaminants into the water.  

In Zone 2 (midstream), a high mean EC value of 15643.3 

± 4726.9 µS/cm suggests variable contamination levels 

(varying). This zone might be receiving intermittent 

discharges from industrial or agricultural sources, 

leading to fluctuating conductivity levels. Obvious 

contamination of the shorelines by heavily polluted 

debris is as indicator for high EC. This zone directly 

interfaces with the NPA Dockyard where there are 

occurrences of boat scrapings, fueling and boat 

suggests that at times, the contamination can be as  

 

severe as Upstream.  EC data is much higher in the 

Downstream area varying from 14430 to 21500 with a 

mean of 17270 ± 3734.3 µS/cm. The highest value 

Downstream is indicative of significant contamination 

right from the source. This could point to direct 

fabrications. The high upper range (19160 µS/cm) 

pollution inputs from nearby industrial facilities, 

agricultural runoff, or wastewater discharges close to 

the Downstream region.  

Expectedly, the impact of various anthropogenic 

activities ranging from commercial activities, wood 

trading, alcohol trading and lubricants to artisanal 

refining of crude petroleum oil and transportation 

business in this zone, posed a good attribute for the 

observed trend in EC. On the contrary, result of EC 

obtained at the Control location (4870 ± 702.4 µS/cm: 

430 – 5680) implies the control site is presumably free 

from direct anthropogenic influences. This stark 

difference highlights the extent of contamination in the 

monitored zones, emphasizing the impact of human 

activities on water quality. A study conducted by 

Johnson et al. (2018) reported EC values in dockyard 

sediments that are similar to the current study, with EC 

ranging from 15000 to 16500 µS/cm across different 

zones. In contrast, Smith and Lee (2015) observed 

lower EC values in their investigation of dockyard 

sediments, where EC ranged from 4000 to 7000 µS/cm, 

significantly lower than our findings. Conversely, the 

research by Brown et al. (2020) documented higher EC 

levels in dockyard sediments, with measurements 

ranging from 18000 to 22000 µS/cm, indicating more 

saline conditions compared to our report on the 

current study.  

PTEs Concentration 

The Kruskal-Wallis test revealed that the 

concentrations of Fe, Zn, Mn, Pb, and Cu are 

significantly different across the zones and control site 

at P < 0.05. The elevated levels of Fe, Zn, Mn, Pb, and Cu 

in Zones 1, 2, and 3 compared to the control site suggest 

substantial contamination in these areas. This 

contamination likely results from anthropogenic 

activities, possibly including industrial discharges, 

urban runoff, artisanal refining and maritime activities 

common in the dockyard region. Study in the Port of 

Rotterdam, Netherlands, found comparable metal 

concentrations, linked to industrial and shipping 

activities (Klein & Hulscher, 2008). Study conducted on 

sediments in the Lagos Lagoon exhibited lower heavy 

metal concentrations, suggesting less industrial 

influence compared to the studied zones (Adekoya et 

al., 2006). A study in the San Francisco Bay reported 
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lower heavy metal levels, reflecting effective pollution 

control measures (SFEI, 2012). Higher heavy metal 

concentrations were found in sediments of Warri River 

due to extensive industrial and urban activities 

(Aghoghovwia & Ohimain, 2014). The Sydney Harbour 

in Australia showed higher contamination levels, 

attributed to historical industrial discharges (Birch & 

Taylor, 2000). High concentrations of Fe across the 

zones indicate possible sources such as industrial 

effluents, which can pose ecological risks by affecting 

aquatic life and sediment quality. 

Iron concentration was found to be highest 

Downstream (2940.5 mg/kg) and lowest at the control 

site (67.71 mg/kg). This significant variation (F = 21.6; 

p <0.05) implies industrial/ artisanal or agricultural 

activities Downstream could be contributing to 

elevated iron levels. The low concentration of Fe in the 

control site suggests minimal anthropogenic influence. 

The ranges in our study are quite consistent with those 

observed by Zhang et al. (2018). However, our range 

falls within the lower end of findings of Kumar et al. 

(2018), with the range of 100 - 3500 mg/kg suggesting 

less severe iron contamination cu concentrations. Zinc 

levels are highest Downstream (56.2 mg/kg) and 

lowest midstream (32.46 mg/kg), with the control site 

having 35.74 mg/kg. The significant difference (F = 

15.04) may indicate pollution sources Downstream 

affecting zinc concentration. The Upstream increase 

suggests possible accumulation as the river flows. 

Increased Zn levels could result from industrial and 

urban runoff, impacting the health of aquatic organisms 

and possibly accumulating in the food chain. 

The findings of Zhang et al. (2014) with range of 30 - 60 

mg/kg concentration was consistent with our finding, 

thus indicating comparable zinc pollution levels. The 

current study shows slightly lower zinc levels than 

Kumar et al., (2018) suggesting less zinc contamination 

in the current sites. Manganese (Mn): Elevated Mn 

levels, especially Downstream, could be linked to both 

natural geological sources and industrial discharges, 

affecting sediment quality and water chemistry. 

Manganese concentration follows a similar pattern, 

peaking Downstream (64.21 mg/kg) and being lowest 

at the control site (20.20 mg/kg). The significant 

variance (F = 19.98) indicates substantial Downstream 

contamination, possibly from mining or industrial 

runoff, with Upstream transport and deposition. The 

manganese levels in the current study are within the 

same range (15 - 70 mg/kg) as those reported by Zhang 

et al., (2014) indicating similar contamination sources 

or levels.  

 

Lead (Pb): High Pb concentrations, particularly 

Downstream, raise concerns about its toxic effects on 

aquatic life and potential human health risks through 

water and food consumption. Lead shows a notable 

peak Downstream (22.66 mg/kg) and much lower 

levels midstream (7.05 mg/kg) and at the control site 

(6.75 mg/kg). This significant variation (P < 0.05) in 

concentrations of Pb across the zones and control 

underscores potential Downstream pollution sources, 

such as industrial waste or urban runoff, leading to 

contamination that diminishes Upstream due to 

dilution or sedimentation. The current study shows 

similar lead concentrations (5.8 - 25 mg/kg) to those 

observed by Zhang et al., (2014) suggesting comparable 

levels of lead pollution. Kumar et al. (2018) with 

concentration of 6.0 - 30 mg/kg gave higher ranges 

than our finding, indicating slightly less severe lead 

contamination.  

Copper(Cu): Elevated Cu levels indicate contamination 

from industrial sources and antifouling paints, affecting 

aquatic organisms sensitive to copper toxicity. A study 

in the Niger Delta region reported similar ranges of 

heavy metals in sediments, attributing contamination 

to oil exploration activities (Nduka & Orisakwe, 2011). 

Copper concentrations are relatively high midstream 

(8.37 mg/kg) and Downstream (8.68 mg/kg), with the 

lowest at the control site (4.37 mg/kg). The statistically 

significant difference (p < 0.05) suggests midstream 

and Downstream sources contributing to copper 

pollution, possibly from agricultural runoff or 

industrial effluents. The concentration of Cu in the 

current study is similar to findings of Zhang et al., 

(2014) findings, indicating comparable sources or 

levels of copper contamination in the range of 3.2 - 9.5 

mg/kg. Study shows slightly lower maximum values 

than Kumar et al., (2018) suggesting lesser copper 

contamination in our study compared to their finding 

with Cu concentrations in the range of 5.1 - 12.7 mg/kg. 

The Kruskal-Wallis ANOVA test indicates that there was 

no statistical (p > 0.005) significant difference between 

concentrations of Cr across zone 1 and zone 3. 

However, the ANOVA test revealed significant 

differences in Cr levels across zones and the control site 

(p < 0.05). The concentration of Cr is significantly 

higher in the Upstream and Downstream zones 

compared to the midstream zone and control site. This 

could indicate a potential source of contamination 

either Downstream or from surrounding industrial 

activities such as boat scrapping and maintenance 

activities. Studies in Nigeria, such as the one by 

Onianwa et al. (2001) in Lagos dockyard sediments,   
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reported similar high Cr levels, especially in areas with 

significant industrial activity. Study in dockyard 

sediments from the UK and Europe, such as in the 

Thames Estuary (Holt et al., 2009), showed lower Cr 

concentrations compared to the levels in this study. 

Studies in industrial areas in India and China, such as in 

Mumbai (Muley et al., 2015) and Shanghai (Li et al., 

2018), have documented higher Cr concentrations due 

to intense industrial discharge. 

High Cr levels, particularly in Zone 1, suggest possible 

contamination from industrial activities. This could 

have serious environmental and health implications, 

including potential risks to aquatic life and human 

health through bioaccumulation. In less polluted 

regions, such as rural or less industrialized areas, global 

studies have reported lower levels. For example, in a 

study by Smith et al. (2015) in rural areas of Canada, Cr 

levels were found to be significantly lower, ranging 

from 0.5 to 2.0 mg/kg. Recent studies have reported 

higher levels in areas with severe contamination. For 

example, a study by Adediran et al. (2018) reported Cr 

concentrations as high as 10.0 mg/kg in heavily 

polluted dockyards. Studies in industrial dockyards 

worldwide often show Cr and Ni concentrations in 

similar ranges. For example, a study in the UK by Adams 

et al. (2012) reported Cr concentrations between 5.0 

and 8.0 mg/kg in contaminated dockyard sediments.  

Cd levels are markedly elevated in the Downstream 

zone compared to the Upstream and midstream zones, 

and the control site. Zone 3 shows a dramatic increase 

in Cd concentration compared to other zones and the 

control site. This indicates significant contamination at 

Zone 3. The concentrations in Zone 1 and Zone 2 are 

also elevated compared to the control site, suggesting 

that contamination is present but less severe than in 

Zone 3. High Cd levels in Zone 3 could be due to 

localized sources of pollution or industrial activities 

affecting that area specifically. This is evidenced by the 

magnitude of anthropogenic activities ongoing in this 

area ranging from various commercial activities 

(alcohol and boat fueling) to artisanal refining 

activities. High Cd concentrations in the Downstream 

zone could indicate significant pollution sources, such 

as industrial discharge activities. Cd is highly toxic, 

especially to aquatic organisms, and can lead to severe 

environmental and health issues. Studies in Nigeria 

have shown similar ranges for Cr and Cd. For example, 

a study by Omosun et al. (2005) reported Cr levels 

ranging from 5.0 to 7.0 mg/kg in industrial areas.  

In highly industrialized or polluted dockyards, such as 

those studied in China by Zhang et al. (2019), Cr and Cd  

 

 

 

levels can reach significantly higher values, often 

exceeding 10.0 mg/kg for Cr. V levels are relatively low 

but vary slightly across the zones, with the highest 

concentration in the midstream zone. The variability in 

V concentrations is less pronounced compared to Cr 

and Cd. Studies in less industrialized areas or less 

polluted regions have shown lower ranges. For 

instance, Efe et al. (2007) reported lower Cr and Cd 

levels in less industrialized regions of Nigeria. 

However, the presence of V in detectable quantities 

could still reflect minor pollution or natural variability 

in sediments. 

Ba concentrations are higher in all zones compared to 

the control site, with Zone 1 having the highest 

concentration. The decreasing trend from Zone 1 to 

Zone 3 could indicate a dilution effect or a reduction in 

Ba contamination Downstream. Elevated Ba levels 

could be linked to geological factors or specific 

pollution sources. Ba concentrations decrease from 

Upstream to Downstream, with the lowest values 

observed in the Downstream zone. Ba is generally less 

toxic compared to other heavy metals but can 

accumulate in the environment. Lower levels in the 

Downstream zone could be due to dilution effects or 

reduced contamination sources. 

Ni concentrations are significantly higher in all zones 

compared to the control site. Zone 1 has the highest 

concentration of Ni, with a decreasing trend observed 

in Zone 2 and Zone 3. The higher Ni levels suggest that 

there may be industrial activities or pollution sources 

contributing to these elevated concentrations. Ni levels 

are significantly higher in the Upstream zone and 

decrease progressively Downstream, with the lowest 

concentration at the control site. Elevated Ni levels, 

particularly in the Upstream zone, suggest potential 

contamination sources such as industrial activities or 

vehicular emissions. 

The contamination levels observed in the studied zones 

highlight the need for effective pollution control and 

remediation strategies. Continuous monitoring and 

stricter regulatory measures are essential to mitigate 

the adverse effects of heavy metal contamination on the 

environment and public health. The comparison with 

other regions emphasizes the global nature of sediment 

contamination and the importance of localized studies 

to address specific pollution sources and impacts. 
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Conclusion  

The concentrations of Fe, Zn, Mn, Pb, and Cu are 

significantly different across the zones and control site. 

The elevated levels of Fe, Zn, Mn, Pb, and Cu in Zones 1, 

2, and 3 compared to the control site suggest 

substantial contamination in these areas. This 

contamination likely results from anthropogenic 

activities, possibly including industrial discharges, 

urban runoff, artisanal refining and maritime activities 

common in the dockyard region. The concentration of 

Cr was significantly higher in the Upstream and 

Downstream zones compared to the Midstream zone 

and control site. This could indicate a potential source 

of contamination either Downstream or from 

surrounding industrial activities and from boat 

fabrication and maintenance. 

Cd levels are markedly elevated in the Downstream 

zone compared to the Upstream and Midstream zones, 

and the control site. Zone 3 shows a dramatic increase 

in Cd concentration compared to other zones and the 

control site. This indicates significant contamination at 

Zone 3 which could be due to localized sources of 

pollution or industrial and commercial activities 

affecting that area specifically. Effective monitoring and 

management strategies are crucial to mitigate heavy 

metal pollution. Identifying and regulating pollution 

sources, promoting sustainable industrial and 

agricultural practices, and implementing sediment 

remediation techniques can help reduce heavy metal 

contamination and protect aquatic ecosystems and 

public health. 
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