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INTRODUCTION  

The rate of environmental pollution associated 

with anthropogenic activities has increased in 

the recent time. This could be probably due to 

population growth, industrialization and 

urbanization. Several developmental projects are 

continually carried out in several regions of the 

world. But in developing countries the level of 

environmental degradation due to human 

activities appears to be more. These involve the 

destruction of natural ecosystem (in search of 

wildlife, fuel wood, timber, and food during 

agricultural practices etc), oil and gas exploration, 

water transportation, dredging and canalization, 

use of “chemicals”, inorganic fertilizers and 

synthetic pesticides, food processing, inadequate 

waste management system, and emissions from 

electroplating, textile, storage batteries, lead 

smelting, mining, ceramic and glass industries. 

These activities could lead to introduction of 

toxicants such as heavy metals to the various 

environmental components (viz: sediment, 

surface water, soil and even air). 

Typically, heavy metals are metalloids with 

relatively high atomic weight (Butu and Iguisi 

2013) and specific gravity of ≥ 5 cm
3
 (Idris et 

al., 2013; Izah et al., 2016, 2017). Most heavy 

metals such as chromium, nickel, iron, zinc, 

copper, manganese are essential elements 

because they have biological functions; while 

others such as cadmium, mercury, lead, arsenic 

are non-essential because they do not have any 

biological function. Essential heavy metals 

become toxic when their concentration exceeds 

tolerable limits, while non-essential metals are 

highly toxic even at low concentration. 

Heavy metals enters the surface water through 

both natural (volcanic activity, weathering, 

geology of the area) and human activities 

(through careless discharge of untreated wastes 

into the surface water and runoff resulting from 

rainfall) (Seiyaboh and Izah, 2017a; Seiyaboh et 
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al., 2017a,b; Aghoghovwia et al., 2015). Direct 

human activities such as dredging (Ohimain et 

al., 2008), oil exploration in offshores (Seiyaboh 

and Izah, 2017a), poor waste management’s 

(Angaye et al., 2015a; Izah and Angaye, 2016), 

mining (Muhammad et al., 2014) are some of 

the methods through which heavy metals enter 

the environment. 

Surface water is a major source of potable water, 

and other domestic purpose (Izah and Angaye, 

2016; Izah et al., 2016; Izah and Srivastav, 

2015; Izah and Ineyougha, 2015; Agedah et al., 

2015; Ogamba et al., 2015a-c), and also habitat 

to several aquatic organisms such as fisheries 

and macrophytes (Izah and Srivastav, 2015). 

Contamination of surface water resources has 

relationship with sediment pollution level 

(Seiyaboh et al., 2016a; Kigigha et al., 2018). 

This is because most surface water pollutant 

often sinks in the sediment. As such, heavy metal 

contamination of surface water and its sediment 

could have overall effects on aquatic organisms 

such as fisheries.  

Typically, fisheries have the tendency to 

bioaccumulate heavy metals in different parts of 

their body (Aghoghovwia et al., 2016; Ogamba 

et al., 2015d, 2016a,b, 2017a).Fisheries is a 

major source of animals protein (Izah and 

Angaye, 2015; Ineyougha et al., 2015; Ogamba 

et al., 2016a,b, 2017a). Hence there is the need 

to frequently assess the level of contaminants 

such as heavy metals in water. High concentration 

of heavy metals above permissible level in 

drinking water and fish food could cause 

pathological health effects among individuals that 

may consume the water and fishes from such 

contaminated water over a long period of time. 

Hence there is the need to investigate the heavy 

metals in surface water frequently to ascertain 

the level of pollution. To this effects several 

studies have been conducted with regard to 

water quality of Nun River at different locations 

including Amassoma axises (Ogamba et al., 

2015a; Agedah et al., 2015; Nyananyo et al., 

2007; Seiyaboh et al., 2017c), Ikoli creek 

(Seiyaboh et al., 2016b; Seiyaboh and Izah, 

2017a; Ogamba et al., 2015b), Nun River and 

Taylor creek (Daka et al., 2014). Furthermore, 

in Yenagoa metropolis, studies have been carried 

out with regard to effect of anthropogenic 

activities and runoff on water quality (Izonfuo 

and Bariweni, 2001; Ben-Eledo et al., 2017a,b) 

of Epie creek. The impacts of human activities 

have also been widely reported in Kolo creek 

(Seiyaboh and Jackson, 2017; Ogamba et al., 

2015c, 2017b; Inengite et al., 2010). Therefore 

this study focused on heavy metal quality of 

surface water and sediment of lower Nun River 

at Gbarantoru and Tombia towns in Yenagoa 

local Government Area of Bayelsa state, Nigeria. 

The results were compared with World Health 

Organization (WHO), European Union (EU) and 

Standard Organization of Nigeria (SON) 

standards. 

MATERIALS AND METHODS 

Study Area 

Tombia and Gbaratoru towns are in Yenagoa 

local Government area of Bayelsa state. River 

Nun passes through Tombia, Agudama Ekpetiama 

towns. The State lies in the sedimentary basin 

(Kigigha et al., 2018). Several anthropogenic 

activities including installation of oil and gas 

facilities, dredging (using motorized and artisan 

methods) are within the area.Like other coastal 

communities, the surface water is a major recipient 

of domestic wastes generated by most of the 

inhabitants of communities aligning the lower Nun 

river. The lower Nun river is also a major 

recipients of storm water through runoff.During 

the end of Wet season (viz: September/October), 

the water level rises and almost entering the 

buildings of the residents aligning the water 

bank (Kigigha et al., 2018). Farming including 

fishing is the major source of livelihood of 

indigenes of the area. The climatic condition is 

similar to other regions of Bayelsa state 

previously reported by Ogamba et al. (2015a,b,c; 

2016a,b), Seiyaboh et al. (2016a,b), Agedah et al. 

(2015).  

Sampling Techniques 

Triplicate samples of water samples were collected 

from three different locations (A – around oil and 

gas installations, B-Gbarantoru and C- Tombia 

town for three consecutive months (December 

2017 to February 2018). The water samples were 

collected with 1 litre containers which were 

thoroughly washed with detergent and soaked 

overnight with dilute acid to prevent adsorption. 

The samples were well labeled and transported 

to the laboratory in an ice pack less than an hour 

after sample collection where they we preserved 

prior to analysis. The process of sample 

collection to data generation is presented in 

Figure 1. 

Sample Preparations 

The wet digestion method was employed for the 

water samples. 100ml aliquots of the water 

samples were placed in 250ml conical flask. 

Then 25ml aliquots of 2M nitric acid were also 
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added to the water sample and it was well mixed. 

The mixture was allowed to evaporate to 

dryness over a six-hole water bath, which was 

then cooled at room temperature. 25ml aliquots 

of concentrated nitric acid were added to the 

residues in the flasks and it was heated to 

dryness in a hot –plate to near boiling, and this 

continued until the solution is dry. This was 

repeated until the residue turned white. Distilled 

water was then added and the residue was 

washed and filtered into 100ml volumetric flask, 

which was made up to the mark with distilled 

water. 

Sample Analysis using Atomic Adsorption 

Spectrophotometer 

Atomic absorption spectrophotometer (AAS) 

was used to analyze the heavy metals in digested 

water samples. The AAS was set at their different 

wavelengths gas flow rates. The digested samples 

were aspirated into the AAS and the metals 

concentrations were displayed and recorded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1. Sampling process to data generation 

Statistical Analysis 

Statistical package for social sciences version 20 

was used for the statistical analysis. Data was 

expressed as mean ± standard error. One way 

analysis of variance (ANOVA) was carried out 

and significant variation was established at 

P=0.05. Tukey Honestly Significance Difference 

test statistics was used to show differences 

among the various mean values. Spearman rho 

Correlation matrix was used to show relationship 

among the various heavy metals of the water 

samples. 

Results and Discussion 

The level of heavy metals in surface water along 

selected areas in lower Nun River in Bayelsa 

state, Nigeria is presented in Table1.The 

Spearman's rho of the water quality studied 

parameters is presented in Table 2, while the 

overall mean with the permissible limit for 

drinking water is presented in Table 3. 

Sample collection, 

labeling and packaging 

Laboratory  

Preservation  

Laboratory Analysis 

(Sample preparation and wet 

digestion using nitric acid) 

AAS Analysis at varying 

wavelength  

Recording  

<1 hour 
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The concentration of cadmium in the water 

sample ranged from 0.002 – 0.011mg/l, being 

significantly different among all the locations 

(Table 1). Cadmium showed positive significant 

relationship with chromium (r=0.822), zinc 

(r=0.850) and iron (r=0.967) at P<0.01, and cobalt 

(r=765) at P<0.05) (Table 2). The cadmium 

concentration were slightly above the permissible 

limit of 0.003mg/l by SON, WHO and 

0.005mg/l by EU for drinking water (Table 3) 

The level of chromium in the water sample 

ranged from 0.000 – 0.002mg/l, being not 

significantly different (P>0.05) apart from location 

A (Table 1). Chromium showed positive 

significant relationship with nickel (r=0.822), 

cobalt (r=0.829) and iron (r=0.842) at P<0.01, 

and zinc (r=0.782) at P<0.05 (Table 2). The 

level of chromium was lower than the 

permissible limit of 0.05 mg/l by SON, WHO 

and EU for drinking water (Table 3). 

Cobalt concentration in the water sample ranged 

from 0.001 – 0.002mg/l, being not significantly 

different (P>0.05) except for location A (Table 1). 

Cobalt showed positive significant correlation 

with iron (r=0.798) and zinc (r=0.824) at P<0.01 

(Table 2). No specific limit for cobalt in 

drinking water. However, based on the 

concentration reported in this study, it is within 

tolerable concentration for human health owing 

to the fact that cobalt is an essential element. 

Nickel level in the water sample ranged from 

0.001 – 0.002mg/l, and was not significantly 

different (P>0.05) across the stations except for 

location A (Table 1). However, the values were 

lower than the permissible limit specified by 

SON, WHO and EU (Table 3). 

The concentration of lead sample ranged from 

0.011 – 0.013mg/l, with no significant difference 

(P>0.05) across the stations except for location 

B (Table 1). The values were slightly above the 

permissible limit specified by SON, WHO and 

EU for drinking water (Table 3). 

Zinc in the water sample ranged from 0.112 – 

0.205mg/l. There was significant difference 

(P<0.05) among all the locations (Table 1). Zinc 

showed positive significant correlation with iron 

(r=0.883; p<0.01) (Table 2). The overall value 

of zinc was within the permissible limit 

specified by SON, WHO and EU for drinking 

water (Table 3). 

The iron concentration in the water sample ranged 

from 0.122 – 0.159 mg/l. There was significant 

variation (P<0.05) among all the locations (Table 

1). The iron value was within the permissible 

limit specified by SON, WHO and EU for 

drinking water (Table 3). 

Table1. Levels of heavy metal in surface water along selected locations of lower Nun River in Bayelsa state 

Parameters Around oil and gas installations 

(Location A) 

Gbarantoru  (Location B) Tombia  (Location C) 

Cd, mg/l 0.011±0.000c 0.008±0.000b 0.002±0.000a 

Cr, mg/l 0.002±0.000b 0.000±0.000a 0.000±0.000a 

Co, mg/l 0.002±0.000b 0.001±0.000a 0.001±0.000a 

Ni, mg/l 0.022±0.001b 0.004±0.001a 0.007±0.001a 

Pb, mg/l 0.011±0.000a 0.013±0.000b 0.011±0.000a 

Zn, mg/l 0.205±0.001c 0.119±0.001b 0.112±0.001a 

Fe, mg/l 0.159±0.002c 0.140±0.001b 0.122±0.001a 

Data is expressed as mean ± standard error; Different letters across the row indicate significant difference 

(P<0.05) according to Tukey Honestly Significance difference statistics 

Table2. Spearman's rho correlation matrix of the heavy metals studied in the water samples 

Parameters  Cd Cr Co Ni Pb Zn Fe 

Cd 1.000       

Cr 0.822
**

 1.000      

Co 0.765
*
 0.829

**
 1.000     

Ni 0.467 0.822
**

 0.563 1.000    

Pb 0.517 -0.020 0.193 -0.433 1.000   

Zn 0.850
**

 0.782
*
 0.824

**
 0.383 0.433 1.000  

Fe 0.967
**

 0.842
**

 0.798
**

 0.467 0.500 0.883
**

 1.000 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). N=9; n=3 
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The result of the study showed that there was 

significant variation among most of the locations 

for each of the heavy metals. Furthermore, the 

results of water quality depict that location A 

had significantly higher values compared to 

location B and C in that order for majority of the 

parameters. The significant higher concentration 

in surface water in location A could be due to 

higher effect of oil and gas effluents that may 

have resulted from runoff into the river after 

precipitation. According to Kigigha et al. 

(2018), Seiyaboh et al. (2017a-c), Seiyaboh and 

Izah (2017a,b), Ben-Eledo et al. (2017a,b) direct 

deposition of wastes materials and runoff after 

rainfall is a major cause of surface water 

contamination. This suggests that the physical 

nature of the contaminants affected the 

concentration of the recipient environmental 

components. 

Based on Table 2, there was high significant 

relationship among majority of the metals for 

both sediment and water quality. This suggests 

that the heavy metals in the surface water are 

from similar source. Owing to the fact that there 

are several human activities (motorized and 

artisanal dredging, fishing, canoeing, bathing, 

swimming) and discharge of untreated municipal 

wastes in the water bodies in the different 

locations appears similar and could be possible 

reason for high significant correlation. 

Table3. Overall mean of heavy metals in surface water in selected area along lower Nun River in Bayelsa state 

in comparison with standard limits 

Parameters This study SON WHO European Union (EU) 

Mean ± standard 

error (n=9) 

SON 2007 WHO 2011;  

Azizullah et al. 2011 

Lenntech 2014 

Fe 0.140±0.005 0.30 0.30 0.20 

Zn 0.145±0.015 3.00 3.00 0.02 

Cd 0.007±0.001 0.003 0.003 0.005 

Cr 0.001±0.000 0.05 0.05 0.05 

Pb 0.012±0.000 0.01 0.01 0.01 

Co 0.001±0.000 - - - 

Ni 0.011±0.003 0.02 0.07 0.02 
     

Based on Table 3, the water heavy metals are 

within the limits specified by World Health 

Organization (WHO), European Union (EU), 

Standard Organization of Nigeria (SON) apart 

from cadmium and lead which were slightly 

above the limits. Typically, there are several 

parameters for monitoring the potability of 

water (Izah and Ineyougha, 2015). Water may 

be free from contamination due to a specific 

parameters but may not be so to another 

parameters. Hence, based on heavy metal 

concentration of the surface water of the study 

area prolonged ingestion of the water may lead 

to some disease condition associated with 

cadmium and lead. Typically, these two metals 

are non-essential heavy metals as such they have 

no biological function in living organisms (Izah 

et al., 2016, 2017; Izah and Angaye, 2016). 

Several disease have been associated with the 

toxicity of this metals including Liver and kidney 

damage, bone demineralization (Muhammad et 

al., 2014; Fu and Wang, 2011; SON, 2007; Izah 

et al., 2016) (cadmium) and damage to liver, 

kidney, nervous, reproductive, renal and 

cardiovascular system, birth defects miscarriage 

in women and death (Idris et al., 2013; 

Muhammad et al., 2014; Fu and Wang, 2011; 

SON, 2007; Izah et al., 2016) (lead). 

The concentration of the heavy metals in water 

samples had some similarity with the values 

previously reported in Warri river 

(Aghoghovwia et al., 2015), River Ijana Ekpan, 

Delta state (Emoyan et al., 2006), Nun River 

and Taylor creek (Daka et al., 2014). The slight 

variation that exist could be due to difference in 

anthropogenic activities peculiar to the areas. 

Furthermore, fishes are major source of animal 

protein (Ineyougha et al., 2015; Angaye et al., 

2015b; Izah and Angaye, 2015). In many coastal 

regions of Bayelsa state many people still 

harvest fishes in the wild. Fishes have the 

tendency to bioaccumulate toxicants such as 

heavy metals in the various parts of their body 

including gills, muscles, kidney, liver 

(Aghoghovwia et al., 2016; Ogamba et al., 

2017a; Ogamba et al., 2015d, 2016a,b). Over 

prolong period of time of consuming fishes that 

have bioaccumulated heavy metals it could 

predisposed the exposed individuals to possibility 

of suffering from heavy metals related diseases 
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especially cadmium and lead that was above the 

safe limit levels for drinking water in the study 

area.  

Typically, bioaccumulation of heavy metals by 

fisheries is influenced by internal factors such as 

species genetic makeup, body size, sex, 

exposure duration, mechanisms of heavy metal 

uptake, feeding mode among others (Ezemonye 

et al., 2009; Ada et al. 2012; Eneji et al. 2011; 

Aghoghovwia et al. 2016; Izah and Angaye, 

2016; Perera et al. 2015), other external factors 

such as solubility of the metals, physicochemical 

characteristics of the water and its associated 

contaminants,  sediment quality, seasonal influence. 

CONCLUSION  

In the last few decades the level of pollution 

associated to anthropogenic activities has 

increased. Several human activities are carried 

out in and within surface water bodies in most 

coastal areas of Bayelsa state. Nun River is a 

major river in Bayelsa state. It has several 

tributaries and is often referred to as lower Nun 

with many creeks and creeklets emanating from 

the river. This study investigated the level of 

heavy metals in surface water of lower Nun 

River at Gbarantoru and Tombia town in 

Yenagoa Local government area of Bayelsa 

state. The results revealed that the water quality 

parameters analysed was significantly different 

among the various locations. Furthermore, the 

water samples from location A, an area close to 

oil and gas installation had higher mean heavy 

metals values.  

Most of the heavy metals for the water quality 

showed high positive correlation indicating that 

they are from similar source (anthropogenic 

effects). Cadmium and lead concentration 

slightly exceeded the level for drinking water 

quality. These suggests the tendency of these 

two metals (cadmium and lead) to 

bioaccumulate in body of aquatic organisms 

such as fisheries over a prolong period of time. 

Typically lead and cadmium are non-essential 

and as such they have no biological function. 

Their presence in water and fish found depicts 

possible health risk to individuals that consumes 

fisheries from the area and drink the water. 

Therefore, there is need for caution in 

consumption of fisheries and drinking of surface 

water from that section of lower Nun River due 

to possible heavy metals (cadmium and lead) 

toxicity. 
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