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                                                             ABSTRACT  

PCBs are produced as blends of 60 to 90 distinct congeners, they are environmentally toxic, thus, 

classified as persistent organic pollutants (POPs) and have strong affinity with sediments. This purpose 

of this study is to assess the levels of PCB accumulation and identify the types of PCBs present in the 

sediments of Bakana Creek, Rivers State, Nigeria. Sediment samples were collected randomly from the 

study area. Gas chromatograph (Agilent 7890A, Palo Alto, CA, USA) with electron capture detection 

(ECD) were used to determine the PCB levels and types. The total mean concerntration and types of 

PCB in the 5 stations obtained from sediment are in decreasing mean order of; PCB 1248 (94.93±14.19) 

>> PCB 1232 (66.79±18.17) >> PCB 1221 (62.10±3.25) >> PCB 1242 (43.49±10.98) >> PCB 1260 

(35.72±6.34) >> PCB 1016 (20.36±2.19) >> PCB 1254 (17.88±10.32). The concentration of PCBs from 

the Bakana Creek were significantly higher at (p<0.05) as shown by (ANOVA). Tukey HSD Post-hoc 

comparison reveals that PCB 1221, 1232 and 1248 bio-accumulated more strongly than the other 

congeners. PCB exceeded the Canadian Sediment Quality standard threshold effect level (CSQ TEL) 

of (0.03 μg/kg) and the United State Environmental Protection Agency (USEPA) permissible limit of 

0.0005 ppm for Sediment. This implied that there are potential health risk to those who are in contact 

with sediment and those who consume organisms that inhabit the sediment of Bakana and it’s 

surrounding on a daily basis. Indicating that the Bakana creek is under pollution threat and calls for 

immediate attention. 
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1 INTRODUCTION  

As a naturally occurring material, sediments which are made up of rocks, minerals, remains of 

plants and animals are known to be rich in biodiversity and generally better for farming as they 

frequently enrich the soil with nutrients. Notably, the productive agricultural regions are 

frequently the deltas and riverbanks with substantial sediment deposits which serves as shelter, 

protection, food, reproductory habitat for sedentary organisms like the molluscs and fiddler 

crab. Pollution through spills, leaks from toxic landfill, outdated electrical equipment’s; such 

as television sets, fluorescent lights and x-ray machines, release from hazardous waste sites, 

illegal dumps, runoffs from old power transformers (Polychlorinated Biphenyls, 2021), 

precipitation, industrial effluents, waste and remains of organisms allow lot’s of Persistent 

Organic Pollutants (POPs) like the polychlorinated biphenyl (PCBs) which are hydrophobic to 

bind to suspended organic particles and organic carbons of sediments in aquatic environments 

particularly in (marine/coastal environments) and biota (inactive filter-feeding bivalves and 

bottom-dwelling organisms) (Kampire et al., 2016), through bio-magnification and 

bioaccumulation and are readily retained within sedentary organisms, including the human 

body (World Health Organisation (WHO), 1993; Olenycz et al., 2015; Norström et al., 2010; 

Christian et al., 2017; Inês et al., 2019) via channels like; food, breathing contaminated air and 

by skin contact, making the sediment, the marine lives inhabiting the sediment, it’s surrounding 

and humans more prone to contamination. The findings of Alexander and Larrisa, (2008) and 

Gerald, (2018) reveals that PCBs are toxicants to humans and are global environmental 

contaminant of food, their toxicity depends not only on the number of chlorine present, but also 

on the positioning of the chlorine on the biphenyl structures, which made their production 

restricted and prohibited for many years by the United States federal law in 1978 and the 

Stockholm Convention on Persistent Organic Pollutants in 2001 and also classified them as 

persistent organic pollutants (POPs) (Porta and Zumeta, 2002). Within the body, some PCBs 

can transform to different chemicals after exposure, these chemicals or unaltered PCBs can be 

excreted in faeces or may remain in a person’s body for years, with half-lives estimated at 10–

15 years (Crinnion, 2011). Environmental levels of PCBs have been linked to immune 

responses in certain human population studies (United States Environmental Protection 

Agency, 2016, 2021). 

Many rivers, buildings, sediments, soils and other sites have been contaminated with PCBs. 

Research done by Yang et al., (2019) and Schmid et al., (2005) indicates that sediments are 

significant PCBs reservoirs and remain static for an extended period of time. Although, the 
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United Nations Environment Programme (UNEP) established the Stockholm Convention in 

2001 with the goal of eradicating PCB-containing products by 2028, however, these products 

are still present in the environment and can be found everywhere in the atmosphere (Rudel et 

al., 2008), the biosphere and primarily the hydrosphere (main reservoir), even in places where 

they have never been used (Dang et al., 2010; Li et al., 2010; Rodenburg et al., 2010).  

However, As stated by Mitchell and Robert., (2011), the non-biodegradable property of PCBs 

when exposed to heat or chemical treatment makes them attractive to industries and their 

resistance to biodegradation pose some of the greatest environmental and health risks thereby, 

causing significant health challenges in later years like; alteration in the immune system, skin 

conditions similar to acne (chloracne), jaundice, respiratory tract infections, changes in blood 

and urine that could indicate liver damage (Aoki., 2001), high birth defects, developmental 

delays, behavioural alterations and mortality through their continued presence in sediment and 

products manufactured prior to 1979 (Chappell, 2020). PCBs are also known to cause cancer 

in animals and humans (Sisay et al., 2021; USEPA, 2016, 2021). Nonetheless, PCB has been 

effectively destroyed and physically by incineration at 1000 °C.  (Rossberg et al, 2006; De 

Windt et al, 2005; Chun et al, 2003; and Cvančarová et al, 2012). 

Taxa that consume these PCBs through filtering and suspension feeding, such as demersal fish, 

annelids, bivalves and sediments have long been employed as markers of contamination 

(Kimberly et al., 2021), Previous studies have reported different levels of PCBs in Sediment 

by (Van der oost et al, 1996; Divagar et al, 2010; Igbo et al, 2018; Obanya et al, 2019; Akinsaya 

et al., 2020; Adeogun et al. 2013) all in Nigeria. Other studies have demonstrated that the 

degree of sediment contamination can impact the bioaccumulation of PCBs in an organism 

(Corsolini and Sarà, 2017). To our knowledge, no data is available on sediment Loads of PCBs 

from the Bakana Creek, Therefore, it is necessary to investigate PCB levels in sediment and 

take necessary measures to prevent/control sediment contamination in a bid to control PCB 

bioaccumulation in organisms, which is an essential key to enhance the ability to understand 

and predict subsequent bio-magnification across food webs (Kimberly et al. 2021).  

Due to hunger and massive consumption of certain marine organisms for food by organisms 

and humans, primarily those from the Niger Delta and Africa, the scout and harvesting of some 

edible marine forms by humans enhance direct skin contact of sediment with humans. When 

PCBs enter the body through the skin or are inhaled overtime, they can lead to serious health 

problems. As a result of these potential health risk, there has been widespread concern about 

PCBs and their possible negative effects on a variety of organisms, including humans. 
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Therefore, the purpose of this study is to assess the levels of PCB accumulation and identify 

the types of PCBs present in the sediments of Bakana Creek in Rivers State. This work 

contributes to the dissemination of information about PCBs and raises awareness among 

residents of Bakana, Nigerians and the world at large on the detrimental effects of PCBs in 

living forms, including humans who continuously come in contact with sediments or sedentary 

organisms that have accumulated PCBs. 

 

2 MATERIALS AND METHODS 

The Study Area 

The study site is the creeks of Bakana, located at the South-East of the Niger Delta, in Degema 

Local Government Area of Rivers State, Nigeria (Fiq. 1). It is between longitudes 70 05’ E and 

7020’ E and latitude 40 10’ N and 4040’ N. The Bakana river connects to large number of 

associated creeks and creeks-lets. It is tidal with exposed mudflats at low tide. The river aids 

several communities, such as Oguruama (Old Bakana), Elem Kalabari (the old shipping of the 

Kalabari), Buguma Town etc, with lots of fishing ports like; Asemebo ama, Oru Kiri, 

Osokoroso, where fishing is a major livelihood for residents of these communities. Activities 

such as washing clothes, bathing, swimming also take place there. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Map of Rivers State showing the Bakana community and the sample locations 
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Sampling and Sample Preparation 

Sediments samples were collected via the stratified random sampling method every two weeks 

of each month (September and October) in 2022 from 5 locations.  

Sediment; At each sampling site, sediment samples were collected in triplicates, stored in pre-

cleaned aluminium bags, sealed and transported to the laboratory, the triplicate samples were 

thereafter composited (combined) and thoroughly homogenized by a mixer to obtain a 

representative sample for onward determination of polychlorinated biphenyl (PCB) congener. 

Rationale behind the locations chosen were; proximity to point source, areas of high 

depositions, reduced water tide and fine-sediment areas because PCBs preferentially associate 

with silt/sediment with high organic carbon content. 

 

Analytical procedures 

Extraction of sediment samples 

Sediment: An aliquot of sediment sample of 5 g was weighed from each station (station 1-5) 

into different beaker, 50 and 5 ml of ethanol and potassium hydroxide were added to each 

sample respectively. The samples properly mixed for 30 – 1 hr using a magnetic heating mixer, 

upon cooling, the solution was filtered with a funnel and filter paper from sample 1- 5. The 

filtered samples was poured into different separating funnels, 50 ml of ethanol, 100 ml of 

distilled and 50 ml of n-hexane was added into each separating funnel and shaken vigorously 

for 5 minutes and allowed to separate, it was thereafter decanted, leaving little portion of n-

hexane and the distilled water, then 100 ml of distilled water and 50 ml of n- hexane was added 

again and shaken vigorously for 5 minutes again to remove the remaining potassium 

hydrooxide, this process was repeated twice, the mixture was allowed to settle and the distilled 

water  decanted, leaving only the n-hexane which was then released from the separating funnel 

via 1 g of sodium sulphate into a beaker bit by bit until it is properly filtered. The beakers were 

then covered with foil paper and put in an oven to dry at 60°C, thereafter, 10 ml of methanol 

was added to each beaker and placed in a shaker, filtered and put in a sterile bottle for analysis, 

this was done in accordance with the methods described by Adeogun et al., (2016) (Slightly 

modified: Regarding to the ratio of sample gram to chemical reagents used). Analysis were 

performed using a gas chromatograph (Agilent 7890A, Agilent Technologies, Palo Alto, CA, 

USA) with electron capture detection (ECD).  
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Statistical analyses 

The data were analysed with STATISTICA 11.0 soft-ware. Significant differences of the 

means and variances were determined using one-way analysis of variance (ANOVA) at 

(P<0.05). A Tukey Post Hoc test was conducted to tell where the difference lies. 

3 RESULTS  

 

PCBs in Sediment: The result of the different PCBs found in sediment in the five locations 

for the duration of four weeks is shown in table 4.1a. 

 

Table 4.1: 4 Weeks sample collection of PCBs from 5 locations of Sediments (μg/kg). 
Sampling 

Location 

Sediments   

PCBs 

Types 

1st 

week 

2nd 

 Week 

3rd 

Week 

4th 

 Week 

Weekly 

Mean 

Weekly 

SE 

1 1016 22.94 23.90 27.16 34.82 27.20 2.69 

1221 54.94 70.44 80.04 42.80 62.05 8.24 

1232 46.00 102.23 104.31 71.94 81.12 13.85 

1242 11.44 20.43 17.17 29.60 19.66 3.80 

1248 119.62 135.93 144.61 155.49 138.91 7.58 

1254 0.16 0.47 0.62 0.81 0.51 0.14 

1260 44.50 51.15 46.92 80.90 55.86    8.46 

2 1016 18.34 19.11 21.71 27.84 21.75 2.16 

1221 65.00 83.33 94.69 50.64 73.41 9.75 

1232 33.33 74.06 75.57 52.12 58.77 10.03 

1242 26.12 46.63 39.19 67.57 44.88     8.67 

1248 87.84 99.82 106.19 114.19 102.01 5.57 

1254 3.63 10.68 14.05 18.24 11.65 3.09 

1260 33.06 38.00 34.86 60.10 41.50 6.29 

3 1016 11.61 12.09 13.74 17.61 13.76     1.36 

1221 50.94 65.31 74.22 39.69 57.54 7.64 

1232 13.05 29.00 29.59 20.41 23.01 3.93 

1242 33.55 59.90 50.34 86.79 57.64   11.14 

1248 46.22 52.52 55.87 60.08 53.67 2.93 

1254 18.05 53.09 69.86 90.72 57.93 15.36 

1260 21.28 24.46 22.44 38.68 26.71 4.05 

4 1016 15.67 16.33 18.55 23.78 18.58 1.84 

1221 48.05 61.60 70.00 37.43 54.27 7.21 

1232 72.94 162.09 165.40 114.07 128.62 21.96 

1242 11.23 20.04 16.85 29.04 19.29 3.73 

1248 67.16 76.32 81.19 87.30 77.99 4.25 

1254 1.46 4.30 5.65 7.34 4.69 1.24 

1260 28.39 32.63 29.94 51.62 35.64 5.40 

5 1016 17.29 18.01 20.46 26.23 20.50 2.03 

1221 56.00 71.79 81.58 43.63 63.25 8.40 

1232 24.05 53.45 54.54 37.61 42.41 7.24 

1242 44.23 78.97 66.37 114.43 76.00 14.69 

1248 87.89 99.87 106.25 114.24 102.06 5.57 

1254 4.55 13.38 17.61 22.87 14.60 3.87 

1260 15.05 17.30 15.87 27.37 18.90 2.86 
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PCBs values in sediments from the 5 stations showed remarkable variation. PCB; 1016, 1221, 

1232, 1242, 1248, 1254 and 1260 where found in the sample during this study (table 4.1).  

PCB “1016” values ranges between 22.94-34.82μg/kg, with a weekly mean of 

27.20±2.69μg/kg, 18.34 - 27.84μg/kg (21.75±2.16μg/kg), 11.61 - 17.61μg/kg 

(13.76±1.36μg/kg), 15.67 - 23.78μg/kg (18.58±1.84μg/kg) & 17.29 - 26.23μg/kg 

(20.50±2.03μg/kg). For location 1-5 respectively. 

PCB "1221" value ranges between 42.89 - 80.04μg/kg (62.05±8.24μg/kg), 50.64 -  94.64μg/kg 

(73.41±9.75μg/kg), 39.69- 74.22μg/kg (57.54±7.64μg/kg), 37.43 - 70.00μg/kg 

(54.27±7.21μg/kg) & 43.63 - 81.58μg/kg (63.25±8.40μg/kg). For location 1- 5 respectively. 

PCB "1232" value ranges between 46.00 - 104.31μg/kg (81.12±13.85μg/kg), 33.33 - 

75.57μg/kg (58.77±10.03μg/kg), 13.05 - 29.59μg/kg (23.01±3.93μg/kg), 72.94 - 165.40μg/kg 

(128.62±21.96μg/kg), 24.05 - 54.54μg/kg (42.41±7.24μg/kg). For location 1- 5 respectively. 

PCB "1242" value ranges between 11.44 - 29.60μg/kg (19.66±3.80μg/kg), 26.12 -  67.57μg/kg 

(44.88±8.67μg/kg), 33.55 - 86.79μg/kg (57.64±11.14μg/kg), 11.23 - 29.04μg/kg 

(19.29±3.73μg/kg), 44.23 - 114.43μg/kg (76.00±14.69μg/kg). For location 1- 5 respectively. 

PCB"1248" value ranges between 119.62 - 155.49μg/kg (138.91±7.58μg/kg), 87.84 - 

114.19μg/kg (102.01±5.57μg/kg), 46.22 - 60.08μg/kg (53.67±2.93μg/kg), 67.16 - 87.30μg/kg 

(77.99±4.25μg/kg), 87.89 - 114.24μg/kg (102.06±5.57μg/kg). For location 1- 5 respectively. 

 PCB "1254" value ranges between 0.16 - 0.81μg/kg (0.51±0.14μg/kg), 3.63 - 18.24μg/kg 

(11.65±3.09μg/kg), 18.05 - 90.72μg/kg (57.93±15.36μg/kg), 1.46 - 7.34μg/kg 

(4.69±1.24μg/kg), 4.55 - 22.87μg/kg (14.60±3.87μg/kg). For location 1- 5 respectively. 
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 PCB "1260" value ranges between 44.50 - 80.90μg/kg (55.86±8.46μg/kg), 33.06 - 60.10μg/kg 

(41.50±6.29μg/kg), 21.28-38.68μg/kg (26.71±4.05μg/kg), 28.39-51.62μg/kg 

(35.64±5.40μg/kg), 15.05 - 27.37μg/kg (18.90±2.86μg/kg). For location 1- 5 respectively. 

Levels of polychlorinated biphenyls in Sediment 

Table 4.2: Levels of polychlorinated biphenyls in Sediment (μg/kg) 

 

PCBs Types PCBs Mean SE N 

PCB 1016 20.36 2.19 5 

PCB 1221 62.10 3.25 5 

PCB 1232 66.79 18.17 5 

PCB 1242 43.49 10.98 5 

PCB 1248 94.93 14.19 5 

PCB 1254 17.88 10.32 5 

PCB 1260 35.72 6.34 5 

Total 48.75 9.35 35 

Table 4.2, shows the Levels of polychlorinated biphenyls in Sediment.  

 

 

Fig 2: A bar chart of Tukey’s Honestly Significant Difference (HSD) Post-Hoc test at (p < 

0.05), showing the total mean levels and SE of each PCB types in sediment (Bakana Creek) 

and where the difference lies. 
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Types of PCBs in sediments(μg/kg) 

The types of PCBs identified in sediments are: PCB 1016, PCB 1221, PCB 1232, PCB 1242, 

PCB 1248, PCB 1254 and PCB 1260 among others. 

 

4 DISCUSSION 

The analysis of Sediment Loads of Polychlorinated Biphenyl (PCBs) in Bakana Creek, in the 

Niger Delta Region of Nigeria revealed a total of 7 PCBs and all stations had all 7 PCBs types 

found in them (Table 4.1). The mean standard error of PCB (1016, 1221, 1232, 1242, 1248, 

1254, 1260) found in the sediment is 48.753±9.35μg/kg and the (F-value is 4.08). This suggests 

that the PCBs in the sediment differ significantly at (p<0.05) significant level, as indicated by 

(ANOVA). The PCBs found is in decreasing mean order of; PCB 1248 (94.93±14.19) >> PCB 

1232 (66.79±18.17) >> PCB 1221 (62.10±3.25) >> PCB 1242 (43.49±10.98) >> PCB 1260 

(35.72±6.34) >> PCB 1016 (20.36±2.19) >> PCB 1254 (17.88±10.32).  

Tukey Post-Hoc Test, showed that the highest mean concentrations of PCB was found with 

PCB 1248, 1232, and 1221, while the lower means were found with congeners like; PCB 

1242,1260, 1016 and 1254 respectively (Fiqure 2), with no significant difference amongst the 

lower congeners, indicating a non-uniform variation among the PCB types. This implies that 

higher-chlorinated congeners (e.g., PCB 1248, 1232) tend to accumulate more in sediment, 

likely due to their greater hydrophobicity, environmental persistence, lower rates of 

volatilization and degradation, while lower-chlorinated congeners such as PCB 1016 and PCB 

1254 appear at lower concentrations, possibly reflecting higher mobility, rapid degradation or 

they are introduced in smaller quantities.  

This is in conformity with the findings of the World Health Organisation., (1993), that PCBs 

with a high degree of chlorination have greater tendency to adsorb on sediments than the less 

chlorinated and remain static for long periods. This is similar to the report of Adeogun et al. 

(2013) from Eleyele Reservoir in South-West Nigeria, stating that the concentrations of heavier 

PCB congeners are higher than the lighter congeners in sediment. Like many other POPs, PCBs 

are hydrophobic and bind strongly to the organic part of sediments where they can be absorbed 

by plants and ingested by aquatic organisms like crabs and periwinkles (ATSDR, 2000; Tomza 

et al., 2006).  
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The elevated concentrations from the Creek could be as a result of the presence of PCBs in the 

environment which has been contributed from industrial, urban activities and surface runoff 

(Obanya et al., 2019) into the creek. This aligns with the work done by Ramu et al., (2007) in 

Korea, Indonesia, the Philippines, and India and by Divagar and Larry (2010) in the Houston 

Ship Channel (HSC) where the observed highest concentrations of PCBs occurred within the 

industrialized segments. Also, seasonal variations could cause a rise in PCB during the rainy 

season as a result of runoffs into the water body (Fu and Wu., 2006). These heavier congeners 

are commonly associated with transformer oils discharge, hydraulic fluids, and other industrial 

mixtures used in electrical and petroleum installations and atmospheric fallout, with potential 

implications for benthic organisms and sediment-dwelling fauna through bioaccumulation and 

trophic transfer.  

Continued industrial discharge and poor waste management could further elevate PCB loads, 

posing ecological and public health risks in the region. Obanya et al., (2018) “asserted that 

chronic exposure to low concentrations of toxicants (PCBs) plays a greater role in toxicology 

than acute exposure” (p.1807), with 100% of the samples having PCB concentrations above 

the (0.0005ppm and 0.03 μg/kg) permissible limit set by the United State Environmental 

Protection Agency (USEPA) and the Canadian Sediment Quality standard threshold effect 

level (CSQ TEL) for sediment respectively. The concentration of PCBs reported in this Study 

is similar to the values reported for Sediment from Belford Harbor, Massachussets, USA 

(Subedi et al., 2014), (Odabasi et al., 2017), Du Toit sampling site in South Africa (Adeyinka 

et al., 2018). In Nigeria, similar values were reported from the Afiesere, Edor, and Okpare 

River (Iwegbue et al., 2022) in Niger Delta respectively. In contrast, lower values were reported 

for Sediment from the Udu river (Paschal and Enyohwo., 2022) and Choba River (Archibong 

et al., 2017) in the Niger Delta of Nigeria. 

 

5 CONCLUSION  

Polychlorinated biphenyl (PCBs) which are known “Persistent Organic Pollutants (POPs)” 

binds to suspended organic particles, biota and organic carbons of sediments in coastal 

environments, in that, their elevated concentration could pose significant ecological challenges, 

even in food chain and therefore requires regular assessment of their levels in the sediment of 

Bakana creek. This study assess the levels of PCB accumulation and identify the types of PCBs 

present in the sediments of Bakana Creek in Rivers State. The data from this study suggest that 
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higher-chlorinated PCB congeners are accumulated more in sediment, while lower-chlorinated 

congeners is less accumulated in sediment. In general, the concentration of PCBs in sediment 

obtained from the creek is significantly high and it’s a potential health risk to those who are in 

contact with it and those who consume organisms that inhabit sediments contaminated by PCBs 

and it’s surrounding on a daily basis. This calls for immediate attention as the PCB levels are 

higher than the USEPA and CSQ’s safe limit for sediment. This indicates that the Bakana creek 

is under pollution threat and calls for immediate remediation. 

 

6 RECOMMENDATIONS 

(1) It is therefore recommended that routine monitoring and environmental assessment 

should be implemented to track temporal changes in PCB levels. 

(2) Regulatory agencies should enforce strict control of industrial effluents and oil-

related discharges, particularly from power and petroleum facilities operating near 

the creek.  

(3) Proper education should be given on contact with sediments and how to harvest       

                   sedentary organisms without much contact with the sediment from the Bakana         

                   Creek. 

(4) The consumption of sedentary organisms from that creek should be reduced due to  

 their potential adverse effects on humans, especially the residence of Bakana, and 

the world at large. 

(5) Sediment remediation programs, such as selective dredging or bioremediation 

using microbial consortia, may be considered to reduce PCB burden in critical 

zones.  

(6) Additionally, public awareness and community engagement should be promoted to 

discourage improper waste disposal into waterways that sinks into the sediments, 

as this will help mitigate the long-term ecological and potential health risks 

associated with PCB contamination in the Niger Delta environment. 
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