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Abstract: This study was aimed at assessing the bioavailability of heavy metals in the surface water of the Middleton river 

which is a tributary of the river Nun located in the Niger Delta area of Nigeria. Samples were collected at points within and 

around oil and gas installations in the area while control points were chosen farther from identified pollution point sources. 

Three replicate samples were collected for each sampling and control location on a biannual basis for two months (March and 

August 2017) to reflect the dry and wet seasons respectively. A total of forty-two surface water samples were analyzed for 

heavy metals using standard methods as given in APHA. Heavy metal variables which were examined indicated significant 

difference between the locations and the two seasons under study (p<0.05). Dry season heavy metals mean were: Fe (6.55 ± 

2.36 mg/l and 7.39 ± 1.35 mg/l); Cr (0.43 ± 0.09 mg/l and 0.34 ± 0.02 mg/l); Mn (0.22 ± 0.31 mg/l and 0.02 ± <0.01 mg/l) and 

Zn (0.04 ± 0.03 mg/l and 0.01 ± <0.01 mg/l) representing five sampling and two control locations respectively. Wet season 

heavy metal mean levels were relatively lower when compared to the dry season and depicted values of Fe (4.91 ± 2.55 mg/l 

and 5.46 ± 2.09 mg/l); Cr (0.27 ± 0.05 mg/l and 0.23 ± 0.01 mg/l); Mn (0.13 ± 0.25 mg/l and <0.01 ± <0.01 mg/l) and Zn (0.01 

± 0.01 mg/l and <0.01 ± <0.01 mg/l) across five sampling and two control locations respectively. All other heavy metals 

analyzed such as Cd, Ni, Co, Pb, and Cu was found to be below the detection limit of the GBC Avanta PM A6600 - Flame 

Atomic Absorption Spectrophotometer. The iron and chromium levels found in the Middleton river exceeded permissible 

limits of DPR, FME, WHO and NESREA while chromium and zinc were within permissible limits of regulatory stipulations. 

Lower concentration of heavy metals in the wet season could be due to dilution effects while the absence of undetected heavy 

metals may depict that activities leaching out this heavy metals are not common in the study area. 
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1. Introduction 

Middleton river is a creek located in the Southern Ijaw local 

government area of Bayelsa state, the river is also referred to 

as Middleton creek, Middleton or Sagpetoru river. Its 

geographical coordinates lie within the latitude 4° 30’ 30.49” 

N and longitude 5° 43’ 39.94” E and is bound by neighboring 

communities such as Babatoriagbene, Oporogbene, Kulama, 

Jituagbene, Beyentoro amongst others. The Middleton river is 

home to numerous oil and gas installations within the Niger 

Delta area as it is dotted with a number of oil wells and 

manifolds that serve as supply lines to neighboring oil flow 

stations. The area is therefore characterized by a network of 

underwater oil pipelines that move crude oil and gas; oil 

bunkering activities are predominant in this area while pipeline 

vandalism is not uncommon. The river is tidal and sometimes 

overflows, driving spilt crude into surrounding freshwater, 

mangrove swamps and mudflats, hence, the aquatic 

environment intermittently reflects oil sheen. In addition, other 

forms of indiscriminate and uncontrolled municipal discharges 

negatively impact on the overall quality of the aquatic 

environment. 
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Corrosion of pipelines and tankers, sabotage and oil 

production operations accounts for 50%, 36% and 6.5% of 

oil spill incidence in Nigeria [1]. Generally, oil spills is a big 

threat to the environment in producing region because it can 

lead to accumulation of toxic substances such as heavy 

metals into the environment [2, 3]. Oil spill occurs in nearly 

all phase crude oil processing from exploration to final use 

[4-6]. Heavy metal contamination has significant impact on 

the quality of water bodies [7]. Regular quantitative and 

qualitative assessment of the physicochemical parameters of 

surface water bodies is key to detection of water quality 

changes particularly, in inland creeks and rivers receiving 

municipal run-offs and industrial wastes discharges. The 

management and conservation of the aquatic ecosystem 

would therefore, depend on the knowledge of the 

physicochemical and biological properties of the surface 

water body [8]. It is imperative that concerned stakeholders 

carry out routine monitoring checks and maintenance on their 

numerous pipelines right of way to serve as stop gap measure 

for repetitive future occurrence of incessant pipeline 

vandalism [6].  

It is extensively demonstrated that increasing heavy metal 

pollution from various industry constitutes environmental 

hazard for humans and other living things [9]. A number of 

events affecting water quality have resulted in increased 

public concern about surface water quality [10 – 16]. Such 

events as increased domestic wastes generation and 

indiscriminate disposal and discharge of untreated and poorly 

treated industrial wastes into surface water bodies impact 

negatively on water quality and lead to water quality 

deterioration [17 – 24]. Heavy metals associated with crude 

oil include Pb, Cd, Cu, Zn, Ni, V and Cr amongst others [24]. 

Diseases and pathological conditions related to heavy metal 

contaminants have been recently reviewed by Izah et al. [10], 

Izah and Srivastav [11]. The aim of this study was to assess 

the surface water quality of the Middleton river using heavy 

metals as pollution indicators.  

2. Materials and Method 

2.1. Study Area and Sample Collection 

The study area is the Middleton river located in Southern 

Ijaw local government area of Bayelsa state. Three replicate 

samples were collected for each sampling and control 

location on a biannual basis for two months (March and 

August 2017) to reflect the dry and wet seasons respectively. 

A total of forty-two surface water samples were collected and 

analyzed for heavy metal variables. The five sampling points 

were labeled (A - E) while two control points were taken 

across two flanks of the sampling points and labeled Control 

1 and 2 – Figure 1. 

 

Figure 1. Location of sample and Control points. 
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2.2. Sample Handling 

One liter plastic containers were used to collect samples 

and preserved with nitric acid; samples were stored in ice 

chest while in transit to the laboratory. Heavy metal test 

procedure as described in Standard Methods for the 

Examination of Water and Waste water analysis by APHA 

[25] was adopted in the analysis of surface water samples.  

2.3. Sample Digestion and Heavy Metal Determination 

Samples were acid-digested by transferring 50 ml of well-

mixed, acid-preserved water sample into 100 ml borosilicate 

glass beakers. Thereafter, 5 ml of nitric acid was added to 

sample with slow boiling and evaporating to 20 ml volume of 

the acid mixture on a hot plate. The digested water sample 

was left to cool and filtered through whatman filter paper 

before being diluted to mark in a 50 ml volumetric flask 

using distilled water. Afterwards, portions of the acid 

solution were aspirated into the flame atomic absorption 

spectrophotometer (Model: GBC Avanta PM A6600 FAAS), 

while concentrations of heavy metals of interest were 

acquired subject upon prior calibration of the instrument with 

metal specific standard solutions. Individual heavy metals 

was analyzed at varying wavelengths of 248.3, 357.9, 279.5, 

213.9, 228.8, 232.0, 240.7, 217.0 and 324.7 (nm) for Fe, Cr, 

Mn, Zn, Cd, Ni, Co, Pb and Cu respectively. 

2.4. Statistical Analysis 

SPSS software was used to carry out the statistical analysis. 

Data was expressed as Mean ± Standard deviation. A one-

way analysis of variance was used to test for significant 

differences at P=0.05 based on spatial distribution and 

Duncan multiple range test statistics was used to determine 

the source of the observed variation. t-test was used to show 

significant variation at P=0.05 based on season. 

3. Result and Discussion 

Spatial and seasonal variations of heavy metal variables 

were illustrated in tables 1 – 3. More specifically, Table 1 

and 2 shows the spatial distribution of heavy metals in the 

Middleton river during the dry and wet seasons respectively, 

while Table 3 shows the seasonal distribution of heavy 

metals in the Middleton river. Iron, chromium, manganese 

and zinc depicted significant differences across spatial 

locations and seasons while cadmium, nickel, cobalt, lead 

and copper were observed to be below the detection limit of 

the flame atomic absorption spectrophotometer (FAAS), this 

indicates that activities leaching out this heavy metals are not 

common in the study area. Detected heavy metal 

concentrations were significantly different (p<0.05) between 

the seasons and also showed significant interaction (p<0.05) 

between locations. The significant difference between 

seasons can be summarized as follows: wet season < dry 

season. In addition, the significant difference among detected 

metals can be depicted as (zinc < manganese < chromium < 

iron) and (manganese < zinc < chromium < iron) for the dry 

and wet seasons respectively (Table 1 and 2). Furthermore, 

iron concentration ranged from 3.814 – 10.005 mg/l and 

2.700 – 9.012 mg/l, chromium ranged from 0.296 – 0.535 

mg/l and 0.196 – 0.320 mg/l, manganese ranged from 0.019 – 

0.818 mg/l and <0.001 – 0.013 mg/l, while zinc ranged from 

0.010 – 0.080 mg/l and <0.001 – 0.027 mg/l for dry and wet 

seasons respectively, being significantly different (P<0.05) in 

most of the locations (Table 1 and 2). Statistically, dry season 

values were significantly higher when compared to wet 

season (Table 3). Lower concentration in wet season could be 

due to dilution effects. 

Table 1. Spatial Distribution of heavy metals of the Middleton river, Bayelsa state, Nigeria during the Dry Season. 

Locations  Fe (mg/l) Cr (mg/l) Mn (mg/l) Zn (mg/l) Cd (mg/l) Ni (mg/l) Co (mg/l) Pb (mg/l) Cu (mg/l) 

A 5.050±0.192b 0.392±0.012b 0.135±0.008d 0.010±0.002a <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

B 3.814±0.181a 0.296±0.008a 0.042±0.005b 0.031±0.006b <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

C 10.005±0.125g 0.535±0.040e 0.818±0.025e 0.080±0.008d <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

D 5.532±0.196c 0.492±0.019d 0.030±0.005ab 0.055±0.005c <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

E 8.331±0.163e 0.441±0.014c 0.096±0.009c 0.015±0.003a <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

Cntrl A 8.619±0.028f 0.363±0.008b 0.023±0.003ab 0.011±0.003a <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

Cntrl B 6.162±0.166d 0.324±0.011a 0.019±0.003a 0.016±0.004a <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

Data is expressed as mean ± standard deviation (n= 3); Different letters along the column indicate significant difference (p<0.05) according to Duncan 

statistics. 

Table 2. Spatial Distribution of heavy metals of the Middleton river, Bayelsa state, Nigeria during the Wet Season. 

Locations  Fe, (mg/l) Cr, (mg/l) Mn, (mg/l) Zn, (mg/l) Cd, (mg/l) Ni, (mg/l) Co, (mg/l) Pb, (mg/l) Cu, (mg/l) 

A 3.325±0.128c 0.303±0.033de 0.013±0.003a 0.000±0.000a <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

B 2.700±0.111a 0.196±0.012a 0.000±0.000a 0.004±0.001b <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

C 9.012±0.297f 0.320±0.022e 0.610±0.026b 0.027±0.003d <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

D 3.033±0.151b 0.284±0.020de 0.000±0.000a 0.010±0.003c <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

E 6.493±0.109d 0.272±0.016cd 0.008±0.003a 0.000±0.000a <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

Cntrl A 7.174±0.089e 0.239±0.017bc 0.000±0.000a 0.000±0.000a <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

Cntrl B 3.564±0.135c 0.221±0.003ab 0.000±0.000a 0.000±0.000a <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 <0.001±0.00 

Data is expressed as mean ± standard deviation (n=3); Different letters along the column indicate significant difference (p<0.05) according to Duncan 

statistics. 
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Table 3. Seasonal variation of heavy metals of the Middleton river, Bayelsa state in comparison to different National and International standards. 

Heavy 

metals  

Dry season  

(n = 21) 

Wet season  

(n = 21) 
t-value  p-value  

DPR Limits 

[26] 

FMENV 

Limits [27] 

NESREA 

Limits [28] 

WHO Limits 

[29] 

Fe, mg/l 6.788±2.123 5.043±2.362 2.518 0.016 1.0 1.0 0.03 - 

Cr, mg/l 0.406±0.085 0.262±0.046 6.857 0.000 0.03 0.02 0.10 0.05 

Mn, mg/l 0.166±0.276 0.090±0.218 0.994 0.326 - - - 0.5 

Zn, mg/l 0.031±0.026 0.006±0.000 4.209 0.000 1.0 0.03 1.5 3 

Co, mg/l <0.001±0.000 <0.001±0.000 NA NA - - - - 

Cd, mg/l <0.001±0.000 <0.001±0.000 NA NA - 0.002 0.01 0.003 

Pb, mg/l <0.001±0.000 <0.001±0.000 NA NA 0.05 0.002 0.015 0.01 

Ni, mg/l <0.001±0.000 <0.001±0.000 NA NA 0.15 - 0.02 0.15 

Cu, mg/l <0.001±0.000 <0.001±0.000 NA NA 1.5 0.004 0.05 2 

 

Generally, the heavy metals (cobalt, cadmium, lead, nickel 

and copper) depicted the value of <0.001 across the dry and 

wet seasons respectively, therefore the activities which 

characterize the Middleton river may not have 

bioconcentrated the aquatic environment with these metals. 

The mean concentration of heavy metals present in the 

surface water samples during the dry season was depicted as: 

iron (6.55 ± 2.36 mg/l and 7.39 ± 1.35 mg/l), chromium (0.43 

± 0.03 mg/l and 0.01 ± <0.01 mg/l), manganese (0.22 ± 0.31 

mg/l and 0.02 ± <0.01 mg/l) and zinc (0.04 ± 0.03 mg/l and 

0.01 ± <0.01 mg/l) for sample and control points respectively. 

Similarly, the mean concentration of heavy metals present in 

the surface water samples during the wet season was depicted 

as: iron (4.91 ± 2.55 mg/l and 5.46 ± 2.09 mg/l), chromium 

(0.27 ± 0.05 mg/l and 0.23 ± 0.01 mg/l), manganese (0.13 ± 

0.25 mg/l and <0.01 ± <0.01 mg/l) and zinc (0.01 ± 0.01 mg/l 

and 0.01 ± <0.01 mg/l). The mean levels of iron (Fe) 

observed in the Middleton river was higher during the dry 

season when compared to the mean values measured at the 

control points while the measured mean levels of iron were 

higher at the control points when compared to the sample 

locations. This may not be unconnected with the 

redistribution and cross-contamination of the control points 

which lie along the same axis of the river. Mean levels of 

chromium, manganese and zinc were higher at the sample 

locations when compared with control points across the dry 

and wet seasons; this may have resulted from dilution effects.  

Mean levels of iron exceeded permissible regulatory 

limitations of the department of petroleum resources [26], 

federal ministry of environment [27], national environmental 

standards and regulation enforcement agency [28] and world 

health organization [29] for the sample locations and control 

points as well as both seasons (Table 3) while mean chromium 

concentrations exceeded regulatory limitations at the sample 

locations across both seasons and at control points during the 

wet season; however, mean chromium concentrations were 

within permissible limitations at the control points during the 

dry season. Also, mean levels of manganese and zinc were 

within permissible regulatory limitations across both seasons 

and locations while it is worthy of note that all other test 

metals were below the detection limit of the instrument.  

4. Conclusion 

Heavy metal concentrations showed significant variations 

across seasons and locations as the role of natural climatic 

conditions such as river tidal currents, rainfall and 

atmospheric temperature/humidity play a role in the 

redistribution of these persistent heavy metal pollutants. The 

marked availability of iron may have likely been derived 

naturally from crustal weathering of underlying sediments 

while the significant levels of chromium may have stemmed 

from industrial activities within the environment or from the 

corrosion of underlying oil pipelines. The significance of this 

is that the water derived from the Middleton river may not be 

fit for domestic use as it may portend adverse health 

implications over time. It is therefore pertinent that regular 

monitoring of the Middleton river be sustained to ensure 

regulatory compliance and to safeguard the environment in 

view of its overall economic importance.  
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