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ABSTRACT 

 

The study investigated heavy metal levels in the Bonny River. Water and 

sediment samples, collected at four major sites selected along the river course, 
were analyzed for heavy metals (Pb, Zn, Ni, Cd, Cu, and As) using standard  

methods. The pH in water was higher (7.94) than in sediment and EPA 

standards (6.5-7.5) and in water; it was lower than the recommended values for 

EPA  and  WHO.  Descriptive  statistics  and  Pearson  correlation  were  used  to 

analyze data at P<0.05. The following range of values were obtained for Pb 

(0.01-0.14mg/I), Zn (0.16-0.21mg/I), Ni (0.00-0.006mg/I), Cd (0.00- 

0.005mg/I), Cr (0.031-0.165mg/I), Cu (0.006-0.219mg/I) and As (0.032- 

0.37mg/I) in water samples across the sites. Maximum levels of As (0.037mg/I), 
Cr (0.165mg/I) and Cd (0.005mg/I) obtained at downstream locations exceeded 

regulatory standards. The relative abundance was in the order 

Zn>As>Cu>Pb>Cr>Cd>Ni. In sediments, values were low (0.08-023mg/kg for 

Pb, 0.22-0.53mg/kg for Zn, 0.01-0.041mg/kg for Ni, 0.022-0.084mg/kg for Cd, 
0.095-0.215mg/kg for Cr, 0.023-0.32mg/kg for Cu and 0.03-0.086mg/kg for As 

and in relative order of As>Zn>Pb>Cu>Cr>Cd>Ni. Significant positive 

correlation at P>0.05 was observed between heavy metals in water and 

sediment, Ni & As (+0.925**), Cd & Cr (+0.787*), Ni & Cu (+0.729*), Cu & 

As (+0.710*). Heavy metal pollution index for water ahead a maximum value 

(0.67) at downstream location and was below the critical index value of 100. 

Contamination factor (CF) for sediment revealed that heavy metals shoed low 

(CF<1) contamination. Downstream values were generally higher than upstream 

ones and exceeded WHO standards. It was recommended among that measures 

should  be  put  in  place  by  relevant  authorities  to  regulate  the  indiscriminate 

dumping of domestic waste and untreated industrial effluents into the Bonny 

River. 
 

Keywords: Heavy metals, Bonny River Nigeria 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1Background of the Study 

In an aquatic environment, sediments have a high contamination capacity 

especially for heavy metals. In the hydrological cycle, less than 0.1% of the  

metals are actually dissolved in the water and more than 99.9% are stored in  

sediments and soils (Karbassi et al., 2007 and Pradit et al., 2010). Because of 

their  toxicity,  persistence,  and  non-  degradability  in  the  environment, heavy 

metals pollution in the aquatic systems pose the largest threats to the 

environment and affects directly on flora, fauna and human health. To assess the 

pollution condition in an aquatic environment, one of the useful methods is the 

evaluation of metals distribution in bed sediments. 

Sediments are the final destination of trace metals, as a result of adsorption,  

desorption, precipitation, diffusion process, chemical reaction, biological 

activity and a combination of this phenomena. Sediments are important sinks 

for heavy metals, but when some physical disturbances or there is a diagenesis 

or change in pH or redox potential, they can become source of metals releasing 

them in the overlying water column (Jones and Turki, 1997). Determination of 

heavy metal concentration in sediments has become a common means of 

assessing the extent of anthropogenic input/impact on a certain area. Highly  

-2 -1 productive coastal ecosystem (Average productivity of 2500mgcm d ) plays 
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an important role in the biogeochemical cycle of the coastal environment 

(Jennerjahn and Ittekkot, 2002). In particular, these systems may provide 

nutrients  and  organic  carbon  to  tropical  coastal  oceans  (Lee,  1995;  Alongi, 

1996). On the other hand, a river like Bonny River may intercept terrestrial  

derived nutrients, pollutants and sediments before they reach the coastal ocean 

alleviating problems due to high loading of these anthropogenic activities 

(Valieta and Cole, 2002). 

Coastal wetlands contain rich value in ecosystem goods and services. They are 

inhabitants for bird and unique halophyte flora, sustaining the productivity of 

rivers, estuaries  and  tidal  flat  ecosystem  and  representing important  nutrient 

sinks (Doody, 1992). Meanwhile, they provide an expansive space resource for 

human activities and impacts (Lotze et al., 2006) 

 

1.2 Statement of Problem 

The continued deposition and discharge of heavy metals containing substances 

into the Bonny River has created major environmental problem like water 

pollution. Rapid industrialisation, urbanisation and population growth have 

contributed much stress on the River (Szefer et al., 1999). Nasrabadi, et al., 

2010  measured  total  content  and  four  chemical  partitioning  fractions  of  ten 

heavy  metals in Haraz River bed sediments in Iran and concluded about its  

contamination level. Yu, et al., 2011investigated the effect of Mo mining 
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activities in western Liaoning, northeast China with geochemical method and 

showed that Mo tailings ponds deposited along the bank may have a closely  

relationship with the high levels of these metals in sediments and Mo in 

sediments may pose a high risk to the local environment. Alhashemi, et al., 

2011 determined the concentration of some elements in water and sediment of 

Shadegan wetland, Iran. They measured Igeo and Ipoll Indices and discussed about 

the wetland metal contamination base on the Indices. 

 

Awomeso et al., 2010 have also revealed the impact of discharge of recalcitrant 

and persistent metals through their effluent into River Bonny. Inhabitants of the 

nearby communities along the River rely mostly on the River for their 

livelihood and Agricultural uses. Eventual contamination  of this River could 

pose health implications. Not much academic research has been conducted to 

assess the elemental distribution and trace element contamination in the Bonny 

River. It is in this regards and to close up this gap in knowledge that the current 

work is being conducted. 
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1.3 Aims and Objectives 

The aim of this study is to assess the distribution and levels of selected heavy 

metals in Bonny River. In order to achieve this aim, the following objectives 

were determined: 

To determine the pH of Water and Sediment samples from various 

sampling sites;Trans Amadi,Okujagu,Okuru Ama,Abuloma. 

To determine the concentration and distribution of the following heavy  

metals (Pb, Ni, Cd, As, Zn, Cu, Cr,) from water and sediment. 

To compare the levels determined with regulatory standards for water and 

sediment. 

To establish the relationships between the heavy metals at each sampling 

station 

To compute the geo-chemical accumulation and pollution index. 

 

1.4 Scope of the study 

This  study  was  carried  out  on  the  Bonny  River  to determine  some  selected 

heavy metals (Pb, Ni, Cd, As, Zn, Cu, Cr,) in water and sediment at different 

sampling locations in the wet season. 
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1.5 Significance of study 

The following are some of the benefit that could be derived from the result of 

this study; 

To the Government – the result would help in the formulation of guidelines and 

standards for the assessment of heavy metals contamination of water resources. 

To  the  Industries – this  study  will  aid  in  adopting  better  effluent  treatment 

technique to sustain and protect the water resources. This could further help  

minimize tension or conflict that may arise as a result of environmental 

degradation. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Concept of Heavy Metal Pollution In Surficial Water 

2.1.1 Definition of Heavy metals 

Heavy metals are elements having atomic weight between 63.546 and 200.590 

(Kennish, 1992), and a specific gravity greater than 4.0 (Connell et al., 1984). 

Heavy metals are inorganic chemicals essential to plant growth in trace 

amounts; They become toxic or harmful in relatively higher concentrations ,  

though some of them are needed for plant and animal growth but they can still 

be tolerated in the environment at the maximum limit of concentration. Heavy 

metals in general have the ability of becoming toxic at some levels of 

concentration. Heavy  metals are found between the group III and IV in the  

periodic table and also include the inorganic elements of metals and metalloids. 

Heavy metals fall within the P – and d – block elements which have their outer 

orbital partially filled (unstable). For these reason, they have the common 

characteristics  of  losing  electron  very  easily  and  become  positively  charged 

(Lee et al., 2002). 

 

Heavy metals are present in water in dissolved, colloidal and suspended state. 

The forms of their occurrence are determined by pH of the medium, oxidation – 

reduction  condition  of  the  water  bodies,  bottom  sediment  and  biota.  Heavy 
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metals refer to any metallic chemical element that has relatively high density  

and is toxic and poisonous at low concentrations (Bryan and Langston, 1992). 

2.1.2 Migration of Heavy metals in storm run-off 

Heavy metals migration in run-off into surface water is one of the most serious 

pollutants in our natural environment. This is because heavy metals are toxic, 

persistent and bioaccumulate in environment (Tam and Wong, 2000). In 

developing  countries  such  as  Nigeria,  a  lot  of  their  wastes  are  consistently 

discharged directly into water bodies. These heavy metal pollutants in surface 

water may arise from leachate from landfill, borrow pit, waste dumps, 

agricultural land, construction sites and industries. 

 

Run–off is a potential process by which heavy metals enter into surface water. 

Run–off is the rest of the precipitation that runs off land and impervious areas. 

Usually, run offs are mostly generated from precipitation and storm water from 

building roof tops and other surfaces. If contaminated materials which contains 

heavy metals are placed in location where surface overflows, high losses of  

heavy metals such as Zn, Cu, Ni, Mn, Pb, will be observed as a result of run – 

off (Gambrell, 1994). Heavy metals in natural waters and their corresponding 

sediments have become a significant topic of concern for scientist and engineers 

in various fields associated with water quality, as well as concern of the general 

public  (Akhionbare, 2007). The  presence  of heavy  metals  in  aquatic  system 
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originates from the natural interaction between the sediments, water and 

atmosphere  with  which  the  water  is  in  contact.  The  concentration  of  heavy 

metals fluctuates as a result of natural hydrodynamic chemical and biological 

forces (Ikhile, 2011). Man through industrialisation and technology has 

developed the capacity to alter these natural interactions to the extent that the 

very water and aquatic life therein have been threatened to a devastating point. 

 

2.2 Sources of Heavy Metals in Surface water Pollution 

Heavy metals in surface water can be from natural or anthropogenic sources.  

Currently, anthropogenic sources of input of heavy metals exceeds natural 

input, excess heavy metals in surface water may pose a health risk to human,  

animal and the environment. The two main sources of heavy metals in surface 

water pollution include: 

2.2.1 Non Point Source 

Natural sources of heavy metals occurrence in surface water are chemical or  

physical weathering of rocks in water (Igneous and metamorphic rocks), and 

soil often increases heavy metals into water bodies. Other contributions include 

the deposition by aquatic plants and animals, precipitation or atmospheric 

deposition of air borne particles from volcanic activities (Kennish, 1992). 

Naturally, rocks of different types vary considerably in their mineralogical and 

elemental composition giving rise to marked difference in metal concentration 
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in water, even in absence of significant input from external sources. In rocks, 

heavy metals occur in concentrations less than 1% as a result they are called  

Trace elements depending on the area, some heavy  metals can be higher in  

concentration than others. For instance, it was found that Selenium occurs in 

rocks, also the aqueous solubility of Selenium salts is greater than sulphate salts 

(Lewis, 1976). Cadmium on its own in coal exists in very low concentration less 

than 0.05ppm. These metals are found in dissolved form in aqueous 

environment and as such polluting surface waters (Lewis, 1976). 

2.2.1.1 Anthropogenic Sources of Heavy Metals 

They include those activities of man which produce or generate heavy metals in 

surface water. These include deposition from combustion process, application 

of fertilizers to farm land and the application of Pesticides, Rodenticides, 

Herbicides and Insecticides, automobile exhaust, Industrial processes and their 

respective generated waste from mining operation, and other human activities 

have been found to introduce the highest quantity of heavy metals in surface  

water as a result of storm run –off or over land flow into water bodies. For some 

time there has been serious concern about the simultaneous input of unwanted 

heavy metals, present in these minerals fertilizers like Cadmium and Chromium. 

These heavy metals are much more likely available to biota than those amounts 

bound to the soil (Sager, 1992). Also, input by atmospheric deposition as a  
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result of Pb and Cd long range transport through the atmosphere supersedes the 

input of Pb and Cd from mineral fertilizer (Sager, 1992). 

 

The destruction of forest areas ultimately results in an increase in soil erosion 

and higher inputs of both natural and anthropogenic sources of metals. In 

addition, the region is affected by trace metals released into the environment 

from extensive deforestation, top soil erosion and run-off excesses of fertilizer 

and Agro-chemicals (Guzman and Jiminez, 1992). Many human activities such 

as mining, over use of chemicals, Industrial waste from port and refineries have 

a negative impact on several biological processes  and there is no doubt that 

these will continue to affect the functioning of highly productive aquatic 

ecosystems. Contamination caused by heavy metals affects both surface water 

and coastal zone. Surface run-off from mining operations usually has a low pH 

and contains high level of heavy metals such as Fe, Zn, Cu, Ni and Co, also the 

combustion of fossil fuels pollutes the atmosphere with heavy metal particulates 

that eventually settles in water during precipitation run-off especially those from 

road way and atmospheric fallout. 

 

2.2.2 Point Source of Heavy metals in Surface Water 

Point source of heavy metal pollution in surface water include domestic effluent 

which contains high quantity of heavy metals, corrosion of water pipes, 
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consumer product, industrial effluent and sewage sludge may substantively 

contribute to  heavy metal loading in surface water run-off (Connell et  al., 

1999). Point source effluent is generally discharged into common River and it is 

not always possible to identify or assess the specific effects of contaminants on 

the water body. 

2.2.3 Potential Anthropogenic Sources of Heavy Metals in Surface Water 

2.2.3.1 Lead (Pb) – Leaded gasoline, lubricating oil and grease, automobile 

exhaust, tyre wears, break lining, rubber, battery, insecticides, paints, sewage 

sludge etc. 

2.2.3.2 Zinc (Zn) – Vulcanising activities, tyre wears, motor oil, grease, 

hydraulic transmission fluids, break lining, asphalt, galvanising, plating, 

smelting operations, corrosion of Zinc, coated roofs, pesticides, sewage sludge, 

incineration and combustion of wood. 

2.2.3.3 Copper (Cu) – Metal plating, bearing or brushing wears, brake lining 

wear, rubber, corrosion of copper, plumbing, fungicides, insecticides, concrete 

and asphalt, phosphate fertilizer, sewage sludge. 

2.2.3.4 Cadmium (Cd) – Lubricating oil, diesel oil, insecticides, electroplating, 

steel and iron works, battery, sewage sludge, coal and oil combustion, refuse  

incineration. 
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2.2.3.5 Arsenic (As) – Sewage sludge, alloying agents, municipal waste, 

effluent, combustion, asphalts, metal works, refuse, incineration etc. 

2.3.0 Wetlands 

2.3.1 Definition of Wetland 

Wetlands, like most terrestrial ecosystems are made up of soils and water as  

well as plants and animals. A wetland is "an ecosystem that arises when 

inundation by water produces soils dominated by anaerobic processes, which, in 

 turn, forces the biota, particularly rooted plants, to adapt to flooding." (Keddy, 

2010) There are four main kinds of wetlands -- marsh, swamp, bog and fen 

(bogs and fens both being types of mires). Some experts also recognize wet  

meadows and aquatic ecosystems as additional wetland types. (Keddy, 2010) 

The largest wetlands in the world include the swamp forests of the Amazon and 

the peatlands of Siberia. (Fraser and Keddy, 2005) 

2.3.1.1. Ramsar Convention definition 

Under the Ramsar international wetland conservation treaty, wetlands are 

defined as follows: (Ramsar, 2011) 

 Article 1.1: "...wetlands are areas of marsh, fen, peatland or water, 

whether natural or artificial, permanent or temporary, with water that is 
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static or flowing, fresh, brackish or salt, including areas of marine water 

the depth of which at low tide does not exceed six metres." 

 Article 2.1: "[Wetlands] may incorporate riparian and coastal zones 

adjacent to the wetlands, and islands or bodies of marine water deeper  

than six metres at low tide lying within the wetlands." 

 

Wetlands play a number role in the environment, principally water purification, 

flood control and shorelines stability. Wetlands are considered the most 

biologically diverse of all ecosystems, serving as home to a wide range of plant 

and animal life. Wetlands occur naturally on every continent except Antartica. 

They can also be constructed artificially as a water management tool, which 

may  play  a  role  in  the  developing  of  field  of  water  sensitive  urban  design. 

Wetlands have water table that stands at or near the land surface for a long 

period each year to support aquatic plants. The most important factor producing 

wetland is flooding, the duration of flooding determines whether the resulting 

wetland has aquatic marsh or swamp vegetation. Other important factors 

include fertility, natural disturbance, competition and salinity. When peat 

accumulates, bogs and swamps arise. Wetlands vary widely due to local and  

regional differences in topography, hydrology, vegetation and other factors in 

human involvement. 
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2.3.2 Wetland Hydrology 

Wetland hydrology is associated with the spatial and temporal dispersion, flow, 

and  physiochemical  attributes  of  surface  and  ground  water  in  its  reservoirs. 

Based on hydrology, wetlands can be categorized as riverine (associated with 

streams), lacustrine (associated with lakes and reservoirs), and palustrine 

(isolated). Sources of hydrological flows into wetlands are predominately 

precipitation, surface water, and ground water. Water flows out of wetlands by 

evapotranspiration, surface runoff, and sub-surface water outflow. 

Hydrodynamics (the movement of water through and from a wetland) affects 

hydroperiods (temporal fluctuations in water levels) by controlling the water  

balance and water storage within a wetland (Richardson et al., 2001) 

Landscape characteristics control wetland hydrology and hydrochemistry. The 

O2 and CO2 concentrations of water depend on temperature and atmospheric 

pressure. Hydrochemistry within wetlands is determined by the  pH, salinity,  

nutrients, conductivity, soil composition, hardness, and the sources of water.  

Water  chemistry  of  wetlands  varies  across  landscapes  and  climatic  regions. 

Wetlands are generally minerotrophic with the exception of bogs. 

Carbon is the major nutrient cycled within wetlands. Most nutrients, such as  

sulphur, phosphorus, carbon, and nitrogen are found within the soil of wetlands. 

Anaerobic and aerobic respiration in the soil influences the nutrient cycling of 
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carbon, hydrogen, oxygen, and nitrogen (Ponnamperuma, 1972) and the 

solubility of phosphorus (Moore et al., 1994) thus contributing to the chemical 

variations  in  its  water.  Wetlands  with  low  pH  and  saline  conductivity  may 

reflect  the  presence  of  acid  sulfates  (Minh et  al.,  1998)  and  wetlands  with 

average salinity levels can be heavily influenced by calcium or  magnesium.  

Biogeochemical processes in wetlands are determined by soils with low redox 

potential (Schlesinger, 1997). 

The biota of a wetland system includes its vegetation zones and structure as 

well as animal populations. The most important factor affecting the biota is the 

duration of flooding (Keddy, 2010). Other important factors include fertility and 

salinity. In fens, species are highly dependent on water chemistry. The 

chemistry of water flowing into wetlands depends on the source of water and  

the geological material in which it flows through (Bedford, 1996) as well as the 

nutrients discharged from organic matter in the soils and plants at higher 

elevations in slope wetlands (Nelson et al., 2011). 

Wetlands filters out tones of metals from the surface water often immobilise  

them in their sediment and on the long term return them to the geological path 

of the earth cycle (Gambrell, 1994; Odum, 2000; Prasad et al., 2006). Plants 

colonising restored wetlands can significantly influence the behaviour or 

potential toxicity of historically present or newly introduced metals (Weis and 
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 Weis, 2004). Plants contribute to the litter function of tidal wetlands in several 

ways: 

Plants will reduce stream velocity and thereby increase the sedimentation 

of  particles  and  associated  pollutants  (Bal et  al.,  2011;  Prasad et  al., 

2006). 

The high metal adsorption capacity of litter concentrates heavy metals  

from the surface water onto the marsh surface little layers (Orson et al., 

1992; Zawislanski et al., 2001). 

The release of erudates and oxygen from roots and the input of organic 

matter as litter can modify the sediment biogeochemistry in such a way 

that the retention capacity of the marsh is increased (Almeida et al., 2004; 

Jacob and Otte, 2004; Vervaeke et al., 2004). 

2.3.3 Natural Function of Wetlands 

Translocation of heavy metals from sediments to the above ground plant tissues 

differs  greatly  between  species  (Deng et  al.,  2004;  Fitzgerald et  al.,  2003). 

Knowledge about difference in heavy metals accumulation between plant 

species  is  essential  to  evaluate  the  effect  of  plant  growth  on  to  toxic  metal 

cycling  within  marshes  and to  develop appropriate  management option. The 

complex interaction between the components (animals, plants water, soils) 

allows wetland to specialize in the performance of certain ecological or natural 
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function and generate products of socio-economic importance. The interaction 

of  physical,  biological  and  chemical  components  of  a  wetland  such  as  soil, 

water, plant and animals enable the wetland to perform many vital functions  

such as water storage, storm protection, flood mitigation, shoreline stabilization 

and erosion control, ground water recharge and discharge, water purification, 

retention of nutrients, retention of sediments, retention of pollutants, 

stabilization of local climate condition particularly rainfall and temperature 

(Ramsar, 2004). The combination of these functions together with value placed 

on biological diversity make wetland useful ecosystem. 

 

Wetlands are therefore not waste land but important ecosystem providing 

several ecological and production services. Wetland ecosystem includes; rivers, 

lakes, marshes. Rice fields provide services that contribute to human well-being 

and poverty alleviation. Two of the most important wetland ecosystem services 

affecting human well being involve food supply and water availability. Human 

activities  particularly  irrigated  agriculture  and urban  development  instigating 

water diversions from rivers and steam have often altered the hydrology of most 

wetland (Khan et al., 2009). 

2.3.4 Effect of Wetland Pollution 

Heavy  metal  pollution  of  aquatic  ecosystem  is  becoming  a  potential  global 

problem. Trace amount of heavy metals are always present in fresh waters from 
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ferrigenous  sources  such  as  weathering  of  rocks  resulting  into  geochemical 

recycling of heavy metals element in these ecosystem (Muwanga, 2007). Heavy 

metals  may  be  immobilised  within  the  stream  sediments  and thus  could  be 

involved in absorption, co-precipitation and complex formation (Mohiuddin et 

al., 2010). The dumping of refuse, discharge of industrial and domestic sewage 

as well as run-off from agricultural fields to surface water also increases the  

chemical and organic loads of the wetlands, thereby decreasing the dissolved  

oxygen  content  necessary  for  aquatic  organisms  and  affecting  the  flora  and 

fauna. The dissolved organic matter containing plant nutrients like nitrogen and 

Phosphorus  causes  eutrophication  of  water  bodies. The  discharge of  various 

form of wastes into the wetland also create fertile environment for 

microbiological agents to flourish and spread disease pathogens leading to 

various health problems for human and aquatic organisms. Rapid urban growth 

through the activities of real estate developers and the expansion of settlements 

through  housing  projects  in  Port  Harcourt  municipal  as  well  as  agricultural 

activities in the watershed of the wetland is of much concern. The amount of 

solid waste has been increasing with increasing population and changing socio- 

economic standards. 

2.4 Heavy Metals in Surface Water Sediment 

Sediments effectively sequester hydrophobic chemical pollutants entering water 

bodies such as lakes, rivers. Sediments provide a useful archive of information 
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on changing lacustrine and watershed ecology (Cohen, 2003). Sediments can be 

sensitive indicators for monitoring contaminants in aquatic environment. Heavy 

metal pollutants accumulates in sediments via various pathways; disposal of  

liquid effluents, terrestrial run-off and leachate carrying chemical originating 

from numerous Urban, Industrial and Agricultural activities as well as 

atmospheric deposition. 

Currently, environmental pollution arising from Urbanisation and Industrial 

development is a major concern (Alemdaroglu et al., 2003). Concentration of 

heavy metals in coastal rivers can be elevated due to high inputs from natural as 

well  as  anthropogenic  sources.  Thus  the  transport  and  distribution  of  heavy 

metals is a goal of environmental chemist (Unnikrishnan and Nair, 2004). One 

of the most distinguishing features of heavy metals from other toxic pollutants 

is that they are not biodegradable. Sediment can incorporate and accumulate  

many metal added to a body of natural water. The favourable physic-chemical 

condition of the sediment can immobilise and release the metal to the other 

column. Specific local sources such as discharge from smelters (Cu, Pb, Ni),  

metal based industries (Zn, Cr, Cd from electroplating), paint and dye 

formulators (Cd, Cr, Cu, Pb, Hg, Se, Zn), Petroleum refining (As, Pb) as well as 

effluent from chemical manufacturing plant may lead to metal accumulation in 

sediment (Al-masir et al., 2002; Bonnevie et al., 1994). 
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2.5 Mechanism of Heavy Metals Uptake in Sediment 

There are three possible mechanisms by which heavy metals can be 

concentrated by sediments and suspended particulate matter (Hart et al., 1992). 

These are; 

Physico-chemical adsorption from water column 

Biological uptake particularly by bacteria and algae 

Sedimentation and physical entrapment of enriched particulate matter 

The relative importance of these three mechanisms will be different depending 

upon the water body involved. There are insufficient studies to allow the 

establishment of standard about the qualitative importance of the behaviour of 

heavy metals  under  different  conditions.  The  importance  of  natural  organic 

matter in the recycling of heavy metal in aquatic systems has been stressed by 

many authors (Hart, 1992; Connelle et al., 1994; Wong and Tam, 2000). The  

organic matter may be in complex with the heavy metals and keep them in 

solution or it may enhance the association of the heavy metals with particulate 

matter by becoming adsorbed to the particulate surface and then complexing 

with heavy metals in the  solution phase. The behaviour  of  natural  organic 

matter may be the single most important influence on heavy metal recycling in 

aquatic systems and should receive considerably more attention in the future 

(Hart, 1992). 
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Physicochemical  adsorption  direct  from  the  water  column  happens  in  many 

different ways. Physical adsorption usually occurs when particulate matter 

directly absorbs heavy metal straight from the water. The chemical and 

biological adsorptions are more complicated as they  are controlled by many  

factors such as pH and oxidation. Photosynthesis by diatoms, green algae and 

sea grasses also contribute to the precipitation of metal carbonates and 

hydroxides from water covering tidal mudfats. The rapid removal of carbon  

dioxide from shallow water during the day can raise the pH by one or two units 

thereby facilitating carbonate precipitation. Iron and manganese hydroxides also 

found under oxidising conditions, will simultaneously remove other metals from 

the water body by adsorption and co-precipitation (Hart, 1992). Generally, the 

highest levels of pH are recorded near midday and reducing conditions prevails 

in sheltered water before dawn. Extreme variations in pH could also alter the  

concentration of dissolved metals and increase their availability to surface water 

organisms. Gambrell (1994) and Schindler (2001) suggest that the pH value of 

the solution is a major variable that relates to the degree of adsorption of metal 

ions  at  surfaces.  High  pH  value  promotes  adsorption  where  as  low  pH  can 

actually prevent the retention of metals by sediments (Akhionbare et al., 2007). 

Stuum and Morgan (1996) have suggested that pH cannot markedly affect the 

type of surface sites but also the speciation of the metal ion in solution. The  

result  of  Gambrell  (1994)  supports  this  idea  and  indicates  that  permanently 
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flooded sediment becomes strongly acidic (i.e reduced with a low pH) upon 

drainage, the process which retains metals tends to be intensified. 

 

2.6 Toxicity and Hazards of Heavy Metals in Surface Water Pollution 

Most  urban  and  industrial  run-off  contain  heavy  metals  in  the  dissolved  or 

particulate form (Defew et al., 2005). Metal concentrations are higher due to the 

input and transport by storm run-off and proximity of industrial and urban zone. 

Some  heavy  metals  cannot  be  degraded  biologically;  they  are  absorbed  and 

concentrated in plant tissue through the soil (sediments) and pose long term  

damaging effect on plants. Nevertheless, heavy metals that accumulate in soils 

not only exert deleterious effects on plant growth, but also affect the soil 

fertility.  Microbial  biomass  and  enzyme  activities  decreased  with  increasing 

metal pollution but these decrease is dependent on the type of enzyme. 

2.6.1 Cadmium (Cd) 

Cadmium is produced as a by-product of zinc and occasionally lead refining, 

neither of which are known to be mined in Nigeria. Cadmium has a chemical 

similarity  to  zinc, an  essential  micronutrient  for plant, animals and  humans. 

Cadmium is very bio-persistent but has few toxicological properties and once 

absorbed by an organism remains resident for many years. The most significant 

use of cadmium is in Nickel/Cadmium batteries as a rechargeable or secondary 
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power source exhibiting high output, long life, low maintenance and high 

tolerance to physical and electrical stress. A cadmium coating provides good 

corrosion resistance coating to vessels and other vehicles particularly in high  

stress environment such as marine and aerospace. Other uses of cadmium are as 

pigments, stabilizer for PVC, alloys and electronic compounds. Cadmium is 

always present as an impurity in several products including phosphate fertilizer, 

detergent and refined petrochemical products. It causes itai-itai disease (ICdA, 

2013). This disease causes bone of a patient to soften, body shrink and even  

death. 

2.6.2 Chromium (Cr) 

Chromium  is  used  in  metal  alloys  and  pigments  for  plants,  cement,  paper, 

rubber and other materials. It has been found to be an effective anti-fouling 

component. Regulations are currently being implemented worldwide to 

decrease the use of anti-fouling treatment to prevent the leakage of chromium 

into the surface water environment. Airborne emissions from chemical plants 

and incineration facilities are some of the most common releases of chromium. 

They  are  derived  from  effluents,  chemical  plants,  contaminated  landfill,  top 

soils and rocks. Chromium often accumulates in aquatic lives thereby adding to 

the danger of eating fish that may have been exposed to high level of chromium 

(Hart, 1992). 

23 

 



2.6.3 Copper (Cu) 

Copper is an essential micronutrient required in the growth of both plants and 

animals. In humans, it helps in the production of blood haemoglobin. In plants, 

copper  is  essential  in  seed  production,  disease  resistance,  and  regulation  of 

water. Copper is indeed essential but in high doses it can cause anaemia, liver 

and kidney damage, stomach and intestinal irritation. Copper normally occurs in 

drinking water from copper pipes as well as from additives designed to control 

algal growth while copper interaction with the environment. Unlike some man- 

made materials, copper is not magnified nor bio accumulate in the food chain 
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CHAPTER THREE 

3.0                                RESEARCH METHODOLOGY 

3.1 Description of the Study Area 

The study area covers the Bonny River estuary in the Niger Delta. The Bonny 

River estuary lies on the south eastern edge of the Niger delta between 

o o o o longitude 6 58‘ and 7 14‘East and latitude 4 19‘ and 4 34‘ North. It has an 

2 estimated area of 206km and extends 7km offshore to a depth of 7.5m (Irving, 

1962; Alalibo, 1988). Bonny River is a major shipping route for crude oil and 

other cargoes into Port Harcourt quays, Federal ocean terminal, Onne and Port 

Harcourt refinery company terminal jetty Okirika. In  the Bonny River,  the 

salinity fluctuates with the season and tide regime is influenced by the Atlantic 

ocean (Dangana, 1985). Tidal range in the area is about 0.8m at neap tides and 

2.20m during spring tides (NEDECO, 1961). It is strategically located south  

western flanks of Port Harcourt and Okirika in River state. 

 

Along  the  shores  of  the  River  are  located;  the  Port  Harcourt  Trans  Amadi 

Industrial layout, several establishments, markets, the main Port Harcourt 

zoological garden and several communities. The communities are Azuabie, 

Okujagu-Ama, Okuru-Ama, abuloma, Oginibga, Obu-Ama and Kalio-Ama. 

Artisanal fishers mainly exploit the fisheries resources. The fishermen use 
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Fig. 3.1: Map of Study Area Showing Sampling locations 
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wooden dugout canoes ranging in size from 3 to 8m long. The canoes are either 

hand paddled or powered by small outboard engines and manned by an average 

of two men from these boats, the fisher men operate their cast net, hook, lines, 

grillnets, crab pots. 

3.1.1 Vegetation 

Characteristically, the area is a typical estuarine tidal water zone with little fresh 

water input  but  with  extensive  mangrove  swamps, inter-tidal mud  flats, and 

influenced by semi-diurnal tidal regime. In the Bonny River estuary, the salinity 

fluctuates with the season and tide regime is influenced by the Atlantic ocean 

(Dangana, 1985). Tidal range in the area is about 0.8m at neap tides and 2.20m 

during spring tides (NEDECO, 1961). The creek is bounded by thick mangrove 

forest dominated by Rhizophora species interspersed by White mangrove 

(Avecinia sp.) and Nypa palm (Nypa fructicans). 

 

3.1.2 Climate 

Port Harcourt features a tropical mansoon climate with lengthy and heavy rainy 

season and very short dry season. Only the months of December and January  

truly qualifies as dry season months in the city. The harmattan which 

climatically influences many cities in West Africa is less pronounced in Port 

Harcourt. Its heaviest precipitation occurs during September with an average of 

370mm of rainfall. December on average is the driest month of the year with an 
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average rainfall of 20mm. Temperatures throughout the year is relatively 

constant showing little variations.  Average temperatures are typically between 

0 0 25 C – 28 C 

 

3.2 Sampling Points 

The Bonny water shed was divided into four sampling stations designated as 

Stations A, B, C, D for the purpose of this study: 

Station A serves as the suspected release of heavy metal contaminants into the 

River. Station B was established 2000m downstream while Station C and D  

were established 1500m and 2500m downstream respectively. The names of the 

Stations where the samples were collected are indicated below; 

Station A – Trans Amadi layout by Abbatoir 

Station B – Okujagu 

Station C – Okuru-Ama 

Station D – Abuloma 

3.2.1 Description and Characteristics of Sampling Points 

3.2.1.1 Description of Trans Amadi layout (Station A) 

This area is located upstream of the Port Harcourt main Slaughter 

market/industrial layout with living houses on the right flank of the shore line. 
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Various anthropogenic activities which are sources of heavy metal released into 

the environment includes; open defecation, discharge of oil servicing effluent 

from schlumberger, refuse dumps, slaughter discharges, burning of animals with 

tyre, market activities, saw millers, construction of tug boat/ship and zoo. While 

the opposite side has a few mangrove and hypa palm. (plate 1) 

3.2.1.2 Description of Okujagu (Station B) 

Azuabie is located downstream of Station A. The bank fringing the 

Azuabie/Abbatoir is bare with no visible plants except toilet houses, residential 

houses, animal pens, brats and badges, while at the opposite side, there are few 

mangrove  and  Nypa  palm.  Human  activities  include  slaughtering  of  animal, 

marketing and fishing. (plate 2) 

3.2.1.3 Description of Okuru-Ama (Station C) 

There is no industrial activity here. Mainly fisher men occupy the area. Nypa 

palm dominate the marginal vegetation while the opposite side is thickly 
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Plate 1: Evidence of waste disposal,construction of Boats,Discharge of Oil 
Servicing effluents at sampling station A 
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Plate 2: Activity at sampling Station B 
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populated with red mangrove forest. The main activities are fishing, boat 

ferrying and sand dredging (plate 3). 

3.2.1.4 Description of Abuloma (Station D) 

This  station  is  situated  at  the  Abuloma  water  front.  The  major  commercial 

activities  includes  ferry  boats  operations,  sand  dredging,  restaurant,  oil  spill 

from  bunkering.  Other  notable  anthropogenic  activity  here  is  indiscriminate 

solid waste disposal on the bank of the river. (plate 4) 

 

3.3 Sampling Methodology 

Sampling implies the collection or measurement of a subset of specimen taken 

from  a  large  population  located  in  time  and  space  (Akhionbare, 2009). The 

objective of sampling should be a good representative of what is available in the 

environment. The sampling methodology was divided into three namely: Storm 

water, River water and Sediment. 

3.3.1 Sampling Procedure 

Samples were collected using he following procedure; 

With the use of a clearly labelled sterilized bottle, water sample were collected 

by submerging the bottle into the River at the depth of 20cm below the water 

surface. Care is taken to avoid any surface film entering the bottle. After 
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Plate 3: Activity at sampling Station C 
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Plate 4: Activity at sampling Station D 
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collecting the water sample, the lid is carefully replaced and finally, the sample 

is placed in a cooler for onward transportation to the laboratory. 

3.3.2 Sampling 

3.3.2.1 Method of Sample Collection 

Sampling was carried out in April 2014. Samples collected for investigations  

are; water and sediment. Water samples were collected in the middle of the 

River at Stations A, B, C and D along the Bonny River. The direction of flow of 

the River is from Station A to D. The sample bottles were treated with nitric  

acid  and  rinsed  with  distilled  water  previously  before  use.  Grab  samples  of 

sediments were also collected with the use of sterile polythene bags at stations 

A, B, C, and D at the same points were the water samples were collected. 

3.3.2.2 Sampling Periods 

The sampling was carried out during the early rains in April on the Bonny River 

at stations A, B, C, and D water and sediment respectively. The samples were 

collected at the middle of the River from each station. 

3.3.3 Sample Transportation 

All samples collected (Water and Sediment) were transported immediately to 

the laboratory by the use of a cooler container. pH was determined by the use of 

a Horriba Uw water quality checker. 
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3.3.4 Sample Preservation 

Water samples are in chemically marine state at the moment they are removed 

from  the  site;  chemical,  biological  and  physical  processes  that  change  their 

composition may begin. Analyte concentration may become altered due to 

biological action, hydrolysis of chemical compound, reduction, absorption and 

precipitation of constituents. For the preservation of samples, all samples were 

first acidified with 2ml of concentrated nitric acid to reduce their pH to below 2. 

This was done to prevent loss of metal from solution out of the walls of the  

sample bottle, minimise biological action, hydrolysis of chemical compound, 

reduction, absorption and precipitation of metal oxides and hydroxides due to 

metal ion reaction with oxygen. All samples collected in the sites were stored at 

o 4 C prior to analysis. Sample preservation is required to maintain the integrity 

of the samples. This simply means the water tested in the laboratory is a perfect 

representation of the water that was sampled. 

 

3.4 Sample Analysis 

3.4.1 Determination of pH 

The pH of the samples was measured in the laboratory using an already 

standardised pH meter with glass electrode model pH5–25 from Rex Instrument 

factory Shanghai. 
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3.4.2 Preparation of Sediment Sample for Analysis 

The sediment sample was digested in preparation for the analysis. The sediment 

sample was spread on a lean plastic tray and allowed to dry completely under a 

fan for 24hours. The sample was then transferred in to a mortar for crushing 

with a pestle. The sample was passed through a filter to remove dirt from it. 5g 

of the sediment sample was then weighed and 50ml of distilled water was added 

o to it. The resulting mixture was kept in an oven at a temperature of 110 C for 

2hours before being filtered through a filter paper and the filtrate collected and 

made up to 100ml for analysis using the spectrophotometer and the 

concentration expressed in terms of dry weight of sample. 

3.4.3 Determination of Heavy metals 

Uv spectrophotometer method was used for the various heavy metal analysis  

using the Spectrum lab – 2210C and the procedures and at the following 

wavelengths; 

 

 

 

 

37 

 



 

S/N METALS REAGENT WAVELENGTH 

1. Lead Dithiozone 520 

2. Zinc Dithiozone 535 

3. Nickel Dimethyl glycerine 445 

4. Cadmium Dithiozone 518 

5. Chromium Diphenyl carbzine 540 

6. Copper Cupretol 435 

7. Arsenic Silver dithiocarbamate 535 

 

Table 3.1. Detecting wavelength of selected heavy metals 

 

3.5 Statistical Analysis 

Descriptive statistics was used to explore the mean, minimum, maximum and 

range  of  the  data  obtained. Mean  plot  was  used  to  represent  the  elemental 

distribution  of  heavy metals  in  Bonny River.  Student  t – test  was  used  to 

compare the level of exceedances of the heavy metals with the regulatory limits. 
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3.6 Heavy Metal Pollution Index (HPI) FOR WATER 

After the determination of selected heavy metal content in water, the collected 

data  was  used  for  the  calculation  of  heavy metal  pollution  index  by  using 

permissible limits of heavy metal for drinking water and permissible limit for 

occurrence  in  natural  water  resources.  By  using  the  statistical  formulas  and 

methodology heavy metal pollution index for water at the various Stations (A, 

B, C, D) will determined. The metal such as Arsenic, Copper, Cadmium, Lead, 

Chromium, Nickel and Zinc was used for the calculation of HPI. The HPI is 

calculated form the following equation: 

n HPI = ∑ n=1 WQ   ...............................(1)i i 
n ∑ n=1 Wi (Nalawade, 2012) 

 

th th Where  Wi  =  Unite  Weightage  of  i parameters,  Q  =  Sub  index  of  the  ii 

parameter, n = is the number of parameters considered. Weighted arithmetic  

index method has been used for calculation of HPI. The unit weight (W) hasi 

been found out by using formula; 

W = K ...............................................(2)i 
Si 
 

th Where K = proportionality constant, Si = standard permissible value of i 

parameter. The sub-index of (Q) of the parameter is calculated byi 

Q = Mi i–li ……………………………(3) 
Si–li 
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th Where M = is the monitored value of heavy metal of ii parameter, I = is thei 

th ideal value of i parameter which is taken from the Nigerian drinking water  

th specification (SON, 2007), S = is the standard value of the ii parameter, in ppb. 

After completion of the result, the concentration of each pollutant was 

converted into HPI. The higher HPI value causes the greater the damage to the 

health. Generally, the critical heavy metal pollution index value is 100. 

 

3.7 Sediment Contamination Factor and Pollution Load Index 

To assess the extent of contamination of heavy metals in soils and to provide a 

measure of the degree of overall contamination in a particular soil, 

contamination factor and pollution load index has been applied 

(Thomlinson,1980). The contamination Factor (CF) parameter is expressed as: 

CF = Cmetal / Cbackground ……………………… (4) 

Where; CF = contamination factor, 

Cmetal = concentration of pollutant in sediment 

Cbackground = background value for the metal. 

The CF reflects the metal enrichment in the sediment. The geochemical 

background values in continental crust averages of the trace metals under 

consideration  for Agricultural purposes as reported by EPA (2008) was used as 
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background values for the metal. The CF was classified into four groups 

(Mmolawa et al., 2011). Where the contamination factor CF < 1 refers to low 

contamination; 1 ≤ CF ≤ 3 means moderate contamination; 3 ≤ CF ≤ 6 indicates 

considerable contamination and CF > 6 indicates very high contamination. 

The pollution load index at the study area also was evaluated for the extent of 

metal pollution by employing the method based on the pollution load index  

(PLI) developed by Thomilson et al., (1980) as follows: 

PLI = n√ (CF1 × CF2 × CF3 × ........ CFn) ……………………equation (5) 

Where; n = number of metals studied (five in this study) and 

CF = contamination factor calculated as described in an earlier equation. 

The PLI provides simple but comparative means for assessing a site pollution 

quality, where a value of PLI< 1 denote perfection; PLI = 1 represent that only 

baseline levels of pollutants are present and PLI>1 would indicate deterioration 

of site quality (Thomilson et al., 1980). 
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CHAPTER FOUR 

4.0                                RESULTS AND DISCUSSIONS 

4.1 Statement of Result 

4.1.1 Levels of pH and Heavy Metals Parameters in Water Sample across 
the Stations in River Bonny 
 
The results obtained from the analysis of selected heavy metals (Pb, Zn, Ni, Cd, 

Cr, Cu and As) and pH of water samples in Trans-amadi, Okujagu, Okuru-ama 

and Abuloma along the Bonny River course are shown in Table 4.1. The pH  

values across the four stations ranged from 7.72–8.20. Level of heavy metals in 

the water sample indicates that of the Seven (7) selected heavy metals analysed, 

only Copper (Cu) recorded significance values across the four stations 

compared with WHO. (2006)  standards (Appendix 1). The ranges  of these 

heavy metals are as follows; Pb (0.01–0.14mg/l), Zn (0.16–0.21mg/l), Ni (0.00– 

0.006mg/l), Cd (0.00–0.005mg/l), Cr (0.031–0.165mg/l), Cu (0.006–0.219mg/l) 

and As (0.032–0.37mg/l). 

 

At Station A, levels of pH and heavy metal parameters varies as follows; pH 

(8.20), Zn (0.1933mg/l), Cr (0.081mg/l), Cu (0.024mg/l) and As (0.032mg/l). 

Pb, Ni and Cd recorded values <0.001 at stations A. At staion B, levels recorded 

were: pH (8.00), Pb (0.04mg/l), Zn (0.21mg/l), Cr (0.031mg/l) and Cu 
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(0.008mg/l). While Ni, Cd and As recorded levels <0.001. pH, Pb, Zn, Cu and  

As recorded the following concentrations at Station C; 7.84, 0.01mg/l, 0.16mg/l, 

Table 4.1. Variations in Heavy metals in River Bonny, Rivers State 

Station Station Station Station 
WQP A B C D Minimum Maximum Range      Mean 

 
 7.94 

pH 8.20 8.00 7.84 7.72 7.72 8.20 0.48 
 

 0.04 
Pb 

 (mg/l) 0.00 0.04 0.01 0.14 0.00 0.14 0.14 
- 

Zn 0.0012 
(mg/l) 0.1933 0.2122 0.1624 0.0000 0.0000 0.2122 0.2122 

0.0692 

Ni 0.0642 
(mg/l) 0.0000 0.0000 0.0000 0.0060 0.0000 0.0000 0.0000 

0.1550 

Cd 
(mg/l) 0.0000 0.0000 0.0000 0.0050 0.0000 0.0050 0.0050 

 
Cr 

(mg/l) 0.081 0.031 0.000 0.165 0.0000 0.165 0.165 
 

Cu 
(mg/l) 0.024 0.008 0.006 0.219 0.0060 0.219 0.213 

 
As 

(mg/l) 0.032 0.000 0.370 0.218 0.0000 0.370 0.370 
WQP= Water Quality Parameters, Station A: Trans Amadi by abattoir, Station B-Okujagu 

Axis, STATION C: Okuru Ama Axis, STATION D: Abuloma Axis 

 

 

 

 

43 

 



0.006mg/l  and  0.37mg/l  respectively.  While  Ni,  Cd  and  Cr  recorded  levels 

<0.001 at the Station. At Station D, levels were pH (7.72), Pb (0.14ppm), Ni 

(0.006ppm), Cd (0.005ppm), Cr (0.165ppm), Cu (0.219ppm) and As 

(0.218ppm) respectively. While only Zn recorded level<0.001 at this Station 

Table 4.1. 

 

4.1.2 Levels of pH and Heavy Metals Parameters in Sediment Sample 
across the Stations in River Bonny 
 
The results obtained from the analysis of selected heavy metals (Pb, Zn, Ni, Cd, 

Cr, Cu and As) and pH of sediment samples in Trans-amadi, Okujagu, Okuru- 

ama and Abuloma along the Bonny River course are shown in Table 4.2. The 

pH values across the four  stations ranged from 3.90–7.03.  Level  of heavy 

metals in the sediment sample indicates that of the Seven (7) selected heavy  

metals analysed, all recorded significant values across the four stations, except 

Ni, Cr and Pb which measured <0.001 at Stations A, C and D in that order. The 

ranges of these heavy metals are; 0.08–0.23mg/kg for Pb, 0.22–0.53mg/kg for 

Zn, 0.01–0.041mg/kg for Ni, 0.022–0.084mg/kg for Cd, 0.095–0.215mg/kg for 

Cr, 0.023–0.332mg/kg for Cu and 0.03–1.83mg/kg for As. 

 

At Station A, levels of pH and heavy metal parameters varies as follows; pH 

(3.90), Pb (0.23mg/kg), Zn (0.22mg/kg), Cd (0.084mg/kg), Cr (0.215mg/kg),  

Cu (0.056mg/kg) and As (0.086mg/kg). At staion B, levels recorded were: pH 
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Table 4.2. Descriptive statistics of Heavy metals variables in Sediment of River Bonny, Rivers State 

 Station Station Station Station 
Parameters A B C D Minimum Maximum Range     Mean 

pH 3.90 7.03 5.38 4.65 3.90 7.03 3.13        5.24 

Pb 
(mg/kg) 0.23 0.16 0.08 0.00 0.00 0.23 0.23        0.12 

Zn 
(mg/kg) 0.224 0.5257 0.4197 0.3186 0.224 0.526 0.302      0.3026 

Ni 
(mg/kg) 0.000 0.010 0.021 0.041 0.000 0.041 0.041      0.018 

Cd 
(mg/kg) 0.084 0.019 0.022 0.044 0.019 0.084 0.065      0.0422 

Cr 
(mg/kg) 0.215 0.095 0.000 0.202 0.000 0.215 0.215      0.128 

Cu 
(mg/kg) 0.056 0.127 0.023 0.332 0.056 0.332 0.276      0.135 

As 
(mg/kg) 0.086 0.030 0.582 1.830 0.030 1.830 1.800      0.632 

STATION A: TransAmadi layout, STATION B: Okujagu Axis, STATION C: OkuruAma Axis, STATION D: 
Abuloma Axis. 
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(7.03), Pb (0.16mg/kg), Zn (0.53mg/kg), Ni (0.01mg/kg), Cd (0.019mg/kg), Cr 

(0.095mg/kg), Cu (0.13mg/kg) and As (0.03mg/kg). pH, Pb, Zn, Ni, Cd, Cu and 

As recorded the following concentrations at Station C; 5.38, 0.08mg/kg, 

0.42mg/kg, 0.021mg/kg, 0.022mg/kg,  0.023mg/kg and 0.58mg/kg respectively. 

At  Station  D,  levels  were  pH  (4.65),  Zn  (0.32mg/kg),  Ni  (0.041mg/kg),  Cd 

(0.044mg/kg), Cr (0.202mg/kg), Cu (0.33mg/kg) and As (1.83mg/kg) 

respectively. Table 4.2. 

 

4.1.3 Variations of pH and Heavy Metal Concentrations in Water Sample 
at various Stations 
 

Spatial variations were observed in the levels of the pH and heavy metal species 

measured across the sampling points. Minimum levels of pH (7.72) was 

recorded at Station D, while its maximum value (8.20) was recorded at Station 

A (fig 4.1). Minimum levels of Pb (0.01mg/l) and Cu (0.006mg/l) were 

recorded at Station C, while their maximum 0.14mg/l and 0.219mg/l 

respectively were recorded downstream at Station D (figs 4.2 & 4.3). Minimum 

concentration of Zn (0.16mg/l) was measured at Station C whereas its 

maximum concentration (0.21mg/l) was measured at Station B (fig 4.4). 

Minimum levels of Ni (0.00mg/l), Cd (0.00mg/l), Cr (0.031mg/l) and As 

(0.00mg/l) were recorded at Station B and their maximum values 0.006mg/l, 
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Fig 4.1: pH level for water samples at various sites 

 

 

 

 

 

Fig 4.2: Lead Concentration in water samples at various sites 
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Fig 4.3: Copper Concentration in water samples at various sites 

 
 
 
 
 
 

 
 
Fig 4.4: Zinc Concentration in water samples at various sites 
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0.005mg/l, 0.165mg/l and 0.218mg/l respectively were recorded downstream at 

Station D (Figs 4.5, 4.6, 4.7 & 4.8). 

4.1.4 Variations of pH and Heavy Metal Concentrations in Sediment 
Sample at various Stations 
 

Spatial variations were observed in the levels of the pH and heavy metal species 

measured in sediment samples across the sampling points. Minimum level of 

pH  (3.90)  was  recorded  at  Station  A,  while  its  maximum  value  (7.03)  was 

recorded at Station B (fig 4.9). Minimum level of Pb (0.08mg/kg) was recorded 

at Station C, while its maximum 0.23mg/kg was recorded upstream at Station A 

(figs 4.10). Minimum concentration of Zn (0.22mg/kg) was measured at Station 

A whereas its maximum concentration (0.53mg/kg) was measured at Station B 

(fig 4.11). Minimum level of Ni (0.01mg/kg) was recorded at Station B and its 

maximum value 0.041mg/kg was recorded downstream at Station D (Figs 4.12). 

Minimum levels of Cd (0.019mg/kg), Cr (0.095mg/kg) were recorded at Station 

B, while their maximum concentrations 0.084mg/kg and 0.215mg/kg were 

recorded upstream at Station A (figs 4.13 & 4.14) respectively. Copper recorded 

its minimum value (0.023mg/kg) at Station C and recorded its maximum 

(0.332mg/kg) downstream at Station D (fig 4.15). Minimum level of As 

(0.008mg/kg) was recorded upstream at Station A and its maximum 

concentration (1.83mg/kg) was measured downstream at Station D (fig 4.16). 
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Fig 4.5:Nickel Concentration in water samples at various sites 

 
 
 
 
 
 
 
 

 
 
Fig 4.6: Cadmium Concentration in water samples at various sites 
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Fig 4.7: Chromium Concentration in water samples at various sites 

 
 
 
 
 
 
 

 
 
Fig 4.8: Arsenic Concentration in water samples at various sites 
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Fig 4.9: pH Concentration in Sediment samples at various sites 

 

 

 

 

 

Fig 4.10: Lead Concentration in Sediment samples at various sites 
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Fig 4.11: Zinc Concentration in Sediment samples at various sites 

 

 

 

 

 

Fig 4.12: Nickel Concentration in Sediment samples at various sites 
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Fig 4.13: Nickel Concentration in Sediment samples at various sites 

 

 

 

Fig 4.14: Chromium Concentration in Sediment samples at various sites 
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Fig 4.15: Copper Concentration in Sediment samples at various sites 

 

 

 

 

Fig 4.16: Arsenic Concentration in Sediment samples at various sites 
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4.1.5 Comparing variations of pH and Heavy Metals between water and 
Sediment at various Stations 
 
4.1.5.1 Comparison at Station A 
 
 
The levels of pH in water and sediment revealed highest value (8.20) in water 

samples than sediment samples (3.90). The levels of heavy metals were higher 

in sediment than in water. Pb (0.23mg/kg), Zn (0.22mg/kg) and Cr 

(0.215mg/kg) were highest in sediment samples, whereas Ni (0.00mg/l) and Cd 

(0.00mg/l) were not detected in the water sample at the Stations Fig 4.17. 

 

4.1.5.2 Comparison at Station B 
 

The levels of heavy metals in both water and sediment samples revealed higher 

concentrations in sediment sample than in water. Zn had the highest 

concentration (0.53mg/kg) in sediment. Ni (0.00mg/l), Cd (0.00mg/l) and As  

(0.00mg/l)  were  not  detected  in  water  at  this  Station.  Water  pH  (8.00)  was 

higher than the sediment pH (7.03). fig 4.18. 

 

4.1.5.3 Comparison at Station C 
 

Heavy metals concentrations at Station C were higher in sediment than water 

with Arsenic (0.58mg/kg) being highest in the sediment sample. Nickel, 

Cadmium and Chromium were not detected in water at this Station. No trace of 
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Fig 4.17: Heavy metals concentrations in water and sediment samples of Site A 

 

 

 

 

Fig 4.18: Heavy metals concentrations in water and sediment samples of Site B 

 

57 

 



Chromium was observed in sediment at this Station. pH of water was higher  

(7.84) than the sediment values (5.38) fig 4.19. 

 

4.1.5.4 Comparison at Station D 
 

Heavy metals concentration was highest in sediment than the water sample with 

Arsenic having the highest concentration of 1.83mg/kg in sediment. No trace of 

Zinc in water and Lead in sediment was observed. The pH level in water (7.72) 

was higher than that in sediment (4.65) fig 4.20. 
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Fig 4.19: Heavy metals concentrations in water and sediment samples of Site C 

 

 

 

 

Fig 4.20: Heavy metals concentrations in water and sediment samples of Site D 
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4.1.6 Variations Trends of pH and Heavy Metals between water and 
Sediment at various Stations 
 
4.1.6.1 pH 
 

Figure 4.21 depicts the trend of pH between water and sediment samples across 

the Stations. The water samples recorded the highest values in pH with the 

maximum value (8.20) measured at Station A and the lowest value (3.90) being 

recorded for sediment at Station A also. 

4.1.6.2 Pb 
 

Figure 4.22 shows the trend of Pb between water and sediment samples across 

the Stations. The sediment samples recorded the highest values of Pb with the 

maximum value (0.23mg/kg) measured at Station A and the lowest value 

(0.01mg/l) being recorded for water at Station C. 

4.1.6.3 Zn 
 

Figure 4.23 shows the trend of Zn between water and sediment samples across 

the Stations. The sediment samples recorded the highest values of Zn with the 

maximum value (0.53mg/kg) measured at Station B and the lowest value 

(0.16mg/l) being recorded for water at Station C. 

4.1.6.4 Ni 
 

Figure 4.24 Pattern of the levels of Ni in the water and sediment samples across 

the Stations. 
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Fig 4.21: Pattern of pH levels of water and sediment samples across the sampling sites 

 

 

 

Fig 4.22: Lead concentrations in water and sediment samples across the sampling site 
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Fig 4.23: Zinc concentrations in water and sediment samples across the sampling sites 

 

 

 

 

 

Fig 4.1: Nickel concentrations in water and sediment samples across the sampling sites 
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maximum value  (0.021mg/kg) measured at Station C and  the  lowest  value 

(0.006mg/l) being recorded for water at Station D. 

4.1.6.5 Cd 

Figure 4.25 depicts the trend of Cd between water and sediment samples across 

the Stations. The sediment samples recorded the highest values of Cd with the 

maximum  value  (0.084mg/kg)  measured  at  Station  A  and  the  lowest  value 

(0.005mg/l) being recorded for water at Station D. 

4.1.6.6 Cr 
 

Figure 4.26 shows the trend of Cr between water and sediment samples across 

the Stations. The sediment samples recorded the highest values of Cr with the 

maximum  value  (0.215mg/kg)  measured  at  Station  A  and  the  lowest  value 

(0.031mg/l) being recorded for water at Station D. 

4.1.6.7 Cu 
 

Figure 4.27 shows the trend of Cu between water and sediment samples across 

the Stations. The sediment samples recorded the highest values of Cu with the 

maximum  value  (0.332mg/kg)  measured  at  Station D  and  the  lowest  value 

(0.006mg/l) being recorded for water at Station C. 
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Fig 4.25: Pattern of Cadmium concentrations in water and sediment samples across the 
sampling sites 

 

 

 

Fig 4.26: Pattern of Chromium concentrations in water and sediment samples across 
the sampling sites 
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Fig 4.27:  Pattern of Copper concentrations in water and sediment samples across the 
sampling sites 

 

 

 

 

Fig 4.28: Arsenic concentrations in water and sediment samples across the sampling 
sites 
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4.1.6.8 As 
 

Figure 4.28 shows the trend of As between water and sediment samples across 

the Stations. The sediment samples recorded the highest values of As with the 

maximum value (1.83mg/kg) measured at Station D and the lowest value 

(0.032mg/l) being recorded for water at Station A. 

 

4.1.7 Relationship between pH and Heavy Metals across the Stations 

4.1.7.1 Correlation matrix (r) for Water at Station A (Trans-Amadi) 

There was no significant correlation either at p<0.05 or P<0.01for the water 

sample at this Station. However, negative correlations were observed amongst 

Zn & Cr (-0.809) and Zn & As (-0.152) Table 4.3. 

4.1.7.2 Correlation matrix (r) for Sediment at Station A (Trans-Amadi) 

Significant negative correlation at p<0.05 was observed between Cr and Cu (- 

0.989*). pH  and Cu  exhibited negative relationship  (-0.712).  Other  negative 

relations includes Cu & Cd (-0.878), Pb & Cd (-0.605) and Cd & As (-0.904) 

Table 4.4. 

4.1.7.3 Correlation matrix (r) for Water at Station B (Okujagu) 

Significant negative correlation at p<0.05 was observed between Cr and Cu (- 

0.956*). Also, significant positive relation exhibited between pH & Cu 

(+0.988*). pH showed negative correlations with Pb (-0.508), Zn (-0.661) and 

Cr (-0.901) Table 4.5. 
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4.1.7.4 Correlation matrix (r) for Sediment at Station B (Okujagu) 

Table 4.6 shows that Significant negative correlation at p<0.05 was observed 

between Cr and Cu (-0.981*). Significant positive relation at p<0.01 was 

recorded between Pb & As (+1.00**). pH recorded positive correlations with Pb 

(+0.909),  Cu  (+0.682)  and  As  (+0.909).  The  following  heavy  metals  had  a 

negative relation with pH; Zn (-0.277), Ni (-0.139), Cd (-0.795) and Cr (-0.646). 

4.1.7.5 Correlation matrix (r) for Water at Station C (Okujagu) 

There was no significant correlation either at p<0.05 or P<0.01for the water 

sample at this Station. However, negative correlations were observed amongst 

pH & Cu (-0.643), pH & As (-0.794) and Pb & Cu (-0.707). Positive relations 

was observed amongst Cu & As (+0.949), pH & Zn (+0.523) and pH and Pb 

(+0.046) Table 4.7. 

4.1.7.6 Correlation matrix (r) for Sediment at Station C (Okujagu) 

Significant negative correlation at p<0.05 was observed between pH & Pb (- 

0.956*) and pH & Cu (-0.969*). Also, significant positive relation exhibited  

between Pb & Cu (+0.973*). Table 4.8. 

4.1.7.7 Correlation matrix (r) for Water at Station D (Okujagu) 

Significant negative correlation at p<0.05 was observed between Cr & As (- 

0.970*). Positive relation exhibited amongst pH & Cr (+0.639) and pH & Cu 

(+0.866). Table 4.9. 
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Table 4.3 Correlation (r) matrix for Water at Station A 
 

pH Zn Cr Cu As 
 pH 1 

 
Zn 0.228 1 

 
Cr 0.239 -0.809 1 

 
Cu 0,755 0.494 0.111 1 

 
As 0.636 -0.152 0.703 0.781 1 

 

 

 

 

Table 4.4 Correlation (r) matrix for Sediment at Station A 
 

pH Pb Zn Cd Cr Cu As 
pH 1 

 
Pb 0.477 1 

 
Zn 0.889 0.768 1 

 
Cd 0.402 -0.605 -0.029 1 

 
Cr 0.774 -0.135 0.527 0.797 1 

 
Cu -0.712 0.257 -0.410 -0.878 -0.989* 1 

 
As 0.029 0.878 0.452 -0.904 -0.497 0.617 1 

*Correlation is significant at the 0.05 level (2-tailed) 
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Table 4.5 Correlation (r) matrix for Water at Station B 
 

pH Pb Zn Cr Cu 
pH 1 

 
Pb -0.5 1 

 
Zn -0.661 0.581 1 

 
Cr -0.901 0.832 0.719 1 

 
Cu 0.988* -0.632 -0.696 -0.956* 1 

*Correlation is significant at the 0.05 level (2-tailed) 

 

 

 

Table 4.6 Correlation (r) matrix for Sediment at Station B 
 

pH Pb Zn Ni Cd Cr Cu As 
pH 1 

 
Pb 0.909 1 

 
Zn -0.277 0.039 1 

 
Ni -0.139 0.000 -0.375 1 

 
Cd -0.795 -0.500 0.782 0.000 1 

 
Cr -0.646 -0.392 0.104 0.801 0.588 1 

 
Cu 0.682 0.500 0.059 -0.816 -0.500 -0.981* 1 

 
As 0.909 1.000** 0.039 0.000 -0.500 -0.392 0.500 1 

*Correlation is significant at the 0.05 level (2-tailed) 
**Correlation is significant at the 0.01 level (2-tailed) 
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Table 4.7 Correlation (r) matrix for Water at Station C 
 

pH Pb Zn Cu As 
pH 1 

 
Pb 0.046 1 

 
Zn 0.523 -0.755 1 

 
Cu -0.643 -0.707 0.314 1 

 
As -0.794 -0.447 0.060 0.949 1 

 

 

 

 

Table 4.8 Correlation (r) matrix for Sediment at Station C 
 

pH Pb Zn Ni Cd Cu As 
pH 1 

 
Pb -0.956* 1 

 
Zn 0.227 -0.316 1 

 
Ni -0.378 0.632 -0.400 1 

 
Cd -0.529 0.316 0.600 -0.400 1 

 
Cu -0.969* 0.973* -0.103 0.513 0.513 1 

 
As 0.758 -0.893 0.649 -0.819 0.141 -0.767 1 

*Correlation is significant at the 0.05 level (2-tailed) 
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Table 4.9 Correlation (r) matrix for Water at Station D 
 

pH Pb Ni Cd Cr Cu As 
pH 1 

 
Pb 0.561 1 

 
Ni -0.239 0.426 1 

 
Cd -0.663 -0.455 -0.426 1 

 
Cr 0.639 0.802 0.594 -0.887 1 

 
Cu 0.866 0.091 -0.426 -0.636 0.380 1 

 
As -0.486 -0.866 -0.717 0.764 -0.970* -0.153 1 

*Correlation is significant at the 0.05 level (2-tailed) 
 

 

 

Table 4.10 Correlation (r) matrix for Sediment at Station D 
 

pH Zn Ni Cd Cr Cu As 
pH 1 

 
Zn -0.751 1 

 
Ni -0.360 -0.327 1 

 
Cd 0.327 0.316 -0.9811 1 

 
Cr 0.751 -1.00** 0.327 -0.316 1 

 
 - 

Cu 0.276 0.392 0.993** 0.992** -0.392 1 
 

As -0.959* 0.649 0.503 -0.513 -0.649 -0.445 1 

*Correlation is significant at the 0.05 level (2-tailed) 
**Correlation is significant at the 0.01 level (2-tailed) 
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4.1.7.8 Correlation matrix (r) for Sediment at Station D (Okujagu) 

Table 4.10 shows that Significant negative correlations at p<0.05 was observed 

amongst pH & As (-0.959*) and Ni & Cd (-0.981*). Significant negative 

relation at p<0.01 was observed amongst Zn & Cr (-1.000**) and Ni & Cu (- 

0.993**). 

4.1.7.9 Correlation matrix (r) between Heavy metals in Water and 
Sediment across the Stations 
 
The relationship between the heavy metals in water and sediment is presented in 

table 4.11. All the significant correlations observed are positive. At p<0.01, Ni 

in water correlated with As in sediment (+0.925**). At P<0.05, Ni in water also 

correlated with Cu in sediment (+0.729*), Cd & Cr (+0.787*) and Cu in water 

correlated with As in sediment (0.710*). 

 

4.1.7.10 Heavy Metal Pollution Index (HPI) FOR WATER 

Tables 4.12, 4.13, 4.14 and 4.15 show the results of Heavy metals Pollution  

Index (HPI) for Stations A, B, C and D respectively. Stations C and D which are 

considered downstream recorded the highest values (0.67) and (0.057) in that 

order. 
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Table 4.11 Correlation (r) matrix Between Heavy metals in water and sediment 
Across the Stations 
 

Heavy metals in water 
  Pb Zn Ni Cd Cr Cu As 
 Pb 1 

 
Zn 0.100 1 

 
Ni -0.261 0.430 1 

Heavy 
 metals Cd 0.681 -0.390 0.086 1 in 
 sediment 

Cr 0.467 -0.205 0.275 0.787* 1 
 

Cu 0.021 -0.010 0.729* 0.532 0.697 1 
 

As -0.415 0.174 0.925** 0.074 0.309 0.710* 1 

 *Correlation is significant at the 0.05 level (2-tailed) 
**Correlation is significant at the 0.01 level (2-tailed) 
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Table 4.12 Heavy metal pollution index for Station A of Bonny River 

WATER HPI for STATION A (TRANS AMADI) 
Highest 

permitted 
value for Unit 

Conc (mg/l) drinking Desirable Weightage Sub index 
Heavy Metals (Mi) water (Si) max value (li) (Wi) (Qi) WiQi 

Pb 0.000 0.010 0.010 NA 0.000 0.000 
Zn 0.190 5.000 3.000 0.200 -1.405 -0.281 
Ni 0.000 0.070 0.020 14.280 0.000 0.000 
Cd 0.000 0.003 0.003 333.333 0.000 0.000 
Cr 0.081 0.050 0.050 20.000 0.031 0.620 
Cu 0.024 2.000 1.000 0.500 -0.980 -0.480 
As 0.032 0.010 0.010 100.000 0.022 2.200 
 Ʃ Wi= 120.7 Ʃ WiQi= 2.059 

HPI = 0.017 
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Table 4.13 Heavy metal pollution index for Station B of Bonny River 

WATER HPI for STATION B (OKUJAGU) 
Highest 

permitted 
value for Unit 

Conc (mg/l) drinking Desirable Weightage Sub index 
Heavy Metals (Mi) water (Si) max value (li) (Wi) (Qi) WiQi 

Pb 0.040 0.010 0.010 100.000 0.030 3.000 
Zn 0.212 5.000 3.000 0.200 -1.400 -0.280 
Ni 0.000 0.070 0.020 NA 0.000 0.000 
Cd 0.000 0.003 0.003 NA 0.000 0.000 
Cr 0.031 0.050 0.050 20.000 -0.019 -0.380 
Cu 0.008 2.000 1.000 0.500 -0.990 -0.490 
As 0.000 0.010 0.010 NA 0.000 0.000 
 Ʃ Wi= 120.7 Ʃ WiQi= 1.85 

HPI = 0.015 
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Table 4.14 Heavy metal pollution index for Station C of Bonny River 

WATER HPI for STATION C (OKURU AMA) 
Highest 

permitted 
value for Unit 

Conc (mg/l) drinking Desirable Weightage Sub index 
Heavy Metals (Mi) water (Si) max value (li) (Wi) (Qi) WiQi 

Pb 0.010 0.010 0.010 100.000 1.000 100.000 
Zn 0.160 5.000 3.000 0.200 -1.420 -0.280 
Ni 0.000 0.070 0.020 NA 0.000 0.000 
Cd 0.000 0.003 0.003 NA 0.000 0.000 
Cr 0.000 0.050 0.050 NA 0.000 0.000 
Cu 0.006 2.000 1.000 0.500 -0.990 -0.490 
As 0.370 0.010 0.010 100.000 0.360 36.000 

Ʃ WiQi= 
 Ʃ Wi= 200.7 135.23 

HPI = 0.67 
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Table 4.15 Heavy metal pollution index for Station D of Bonny River 

WATER HPI for STATION D (ABULOMA) 
Highest 

permitted 
value for Unit 

Conc (mg/l) drinking Desirable Weightage Sub index 
Heavy Metals (Mi) water (Si) max value (li) (Wi) (Qi) WiQi 

Pb 0.140 0.010 0.010 100.000 0.130 13.000 
Zn 0.000 5.000 3.000 NA 0.000 0.000 
Ni 0.006 0.070 0.020 14.290 -0.280 -4.000 
Cd 0.005 0.003 0.003 333.333 0.002 0.670 
Cr 0.165 0.050 0.050 20.000 0.115 2.300 
Cu 0.219 2.000 1.000 0.500 -0.780 -0.390 
As 0.218 0.010 0.010 100.000 0.208 20.800 
 Ʃ Wi= 568.12 Ʃ WiQi= 32.38 

HPI = 0.057 
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4.1.10 Sediment Contamination Factor and Pollution Load Index 

Tables 4.16 show the results of Heavy metals contamination factor (CF) and  

-6 Pollution Load Index (PLI). The results follows thus; Stations A (2.67x10 ), B 

-8 -6 -5 (2.43x10 ), C (1.54x10 ) and D (1.13x10 ) respectively. 
 
 

Table 4.15 Heavy metals contamination factor and pollution load index for Stations A- 
D of Bonny River 
 

CF 
Stations Pb Zn Ni Cd Cr Cu As PLI 

A 0.0115 0.0045 0.0000 0.0840 0.0014 0.0019 0.0172 2.67E-06 
B 0.0080 0.0105 0.0005 0.0190 0.0006 0.0042 0.0060 2.43E-08 
C 0.0040 0.0084 0.0011 0.0220 0.0000 0.0007 0.1164 1.54E-06 
D 0.0000 0.0064 0.0022 0.0440 0.0014 0.0111 0.3660 1.13E-05 

 

 

 

4.2 Discussion 

4.2.1. Variations of pH across the sampling points 

The levels of pH observed in river water across the sampling points with low  

heavy metals concentrations in site B, C, and D (figs 4.17–4.20) revealed that 

pH has a major influence on the rate of adsorption and desorption of metal in 

water and sediment column (Akhionbare, 2007, 2013). High pH value promotes 

adsorption  whereas  low  pH  can  actually  prevent  the  retention  of  metals  by 

sediment (Belzile et al., 2003; Akhionbare, 2013). Periods of high pH 

corresponded with times of low heavy metal concentration in this study. This 
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scenarios was also observed for the Otamiri river (Akhionbare., 2011 and 

Akhionbare et al., 2013). 

 

The pH, either directly or indirectly, affects several mechanisms of metal 

retention by sediment. The pH dependence of adsorption reactions of cationic 

metals is due, in part, to the preferential adsorption of the hydrolyzed metal 

species in comparison to the free metal ion (Akhionbare, 2009). In this study, 

low pH values 3.9 and 4.65 were recorded upstream at Trans amadi and 

downstream at Abuloma respectively. The high volume of effluent discharge  

from upstream sources such as industrial effluent from oil servicing and other 

chemicals company within the Trans Amadi industrial layout could have 

contributed significantly to acidifying the sediment. 

 

4.2.2 Levels of Heavy Metals in water samples across the sampling points 

High concentration of heavy metals such as Cd, Cr and As were observed at  

downstream Station D (Abuloma) (Figs 4.6, 4.7 and 4.8). This could be 

attributed to migration through storm run-off of pollutant rich in heavy metals 

from industrial processes, construction, domestic waste disposal and agricultural 

activites taking place within the watershed (Akhionbare et al., 2013). It could 

also  be  caused  by  the  release  of  metals  from  sediments  to  overlying  water 

column as a result of pH level variations. (Jonnes and Turki, 1997). The low 
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concentrations of these metals in Trans-Amadi, Okujagu and Okuru-ama, could 

be as a result of adsorption, desorption, precipitation,, diffusion and chemical 

process of these metals from water column to sediment column (Akhionbare, 

2011). Significant values were observed with As, Pb, Cu, and Cr across the  

sampling points (Table 4.1), the elevated concentration of these metals in these 

sites is attributed to sand dredging, Abbatoir operations, waste and Agricultural 

activities (fertilizer and pesticides) within the sampling sites (Akhionbare, 2011 

and Akhionbare, 2013). 

4.2.3 Levels of Heavy Metals in sediment samples across the sampling 
Points 

The concentrations of heavy metals in sediments across the sampling points 

revealed high values of Ni, Cu and As downstream (Abuloma) and lower 

concentrations at Okujagu and Trans-Amadi. (Figs 4.12, 4.15 and 4.16). Heavy 

metals may be immobilized within the river sediment and thus could be 

involved in absorption, co-precipitation and complex formation (Mohinddin et 

al., 2010). The dumping of refuse, discharge of industrial and domestic sewage 

as  well  as  run-off  from  agricultural  farm  to  surface  water  also  increase  the 

chemical and organic loading by the river sediment. Trans-Amadi revealed high 

concentration of Pb, Cd and Cr (Fig 4.10, 4.13, 4.14), and this may be attributed 

to the burning of tyre for the purpose of roasting animals which later find its 

way into the river. Saw millers, construction of boat/ships and liquid effluent 
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discharge by Schlumberger into the river also enhanced the observed values.  

The low concentration of heavy metals in Okuru-ama and Okujagu may be due 

to low industrial and anthropogenic activities within the water course. 

 

4.2.2. Variations of Heavy metals in Bonny River 

Heavy metal values obtained in this study from the water samples of Bonny  

River showed elevated levels downstream (Stations C and D) for As, Cr and Cd, 

(Fig 4.28) with values exceeding the WHO (2006) standard for drinking water. 

Pb, Zn, Ni and Cu generally recorded low values across the Stations (figs 4.22– 

4.27). Arsenic enters rivers from where mining operations occurred and is 

transported downstream, moving from water and sediment into biofilm 

(attached algae, bacterial, and associated fine detrital material), and then into 

invertebrates and fish (Eisler 1994; Farag et al. 1998; Williams et al. 2006). The 

source of arsenic in the water column may be resuspended sediment.  While  

arsenic bioaccumulates in animals, it does not appear to biomagnify between 

tropic levels.  Most  anthropogenic  arsenic  emitted  into the  atmosphere  arises 

from high temperature processes (e.g., coal and oil combustion, smelting 

operations, and refuse incineration) and occurs as fine particles with a mass 

median diameter of about 1 µm (Coles et al., 1979 and Pacyna, 1991).  These 

particles are transported by wind and air currents until they are returned to earth 

by wet or dry deposition.  Their residence time in the atmosphere is about 7–9 
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days, in which time the particles may be transported thousands of kilometres. 

(Pacyna, 1991). Arsenic is highly toxic in its inorganic form (Flanagan et al., 

2012). Contaminated water used for drinking, food preparation and irrigation of 

food crops poses the greatest threat to public health (Flanagan et al., 2012). The 

immediate symptoms of acute arsenic poisoning includes; vomiting, abdominal 

pain and diarrhoea. The first symptoms of long term exposure to high levels  

inorganic arsenic (especially through drinking water and food) are usually 

observed in the skin and includes pigmentation changes, skin lesion and hard 

patches on the palm, also skin, bladder and lung cancer might occur (Flanagan 

et al., 2012). 

 

The main source of Cd evident within the Bonny River watershed is from waste 

water discharge, others include; phosphate fertilizer run off from agricultural  

fields, fossil fuel combustion and some industrial activities. Acute exposure by 

ingestion of high levels of Cd includes; gastrointestinal disturbances such as 

nausea, vomiting, abdominal cramp and diarrhoea. (ICdA, 2013). Increase in Cr 

is due to leather, textile and steel manufacturing, as well as industrial processes 

such as chemical manufacturing. Cr(VI) is the most dangerous form of Cr and 

may cause health problems including allergic reactions, skin rash, nose irritation 

and nose bleed, ulsers, weakened immune system, genetic material alteration, 

kidney and liver damage and may even go as far as death.  There is however no 
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established limit for human consumption of Cr(III). Individuals have been 

recorded  as  consuming 100mg  daily  for  elongated  periods with  no negative 

effects, but as with all minerals the body needs, too much consumption may 

result in poisoning. 

 

Metals occur naturally and become integrated into aquatic organisms through 

food and water. Trace metals such as mercury, copper, selenium, and zinc are 

essential metabolic components in low concentrations. However, metals tend to 

bioaccumulate in tissues and prolonged exposure or exposure at higher 

concentrations can lead to illness. Elevated concentrations of trace metals can 

have negative  consequences  for both  wildlife  and humans. Human  activities 

such as mining and heavy industry can result in higher concentrations than those 

that would be found naturally. Communities downstream of River Bonny who 

depend on this river for their source of water are thus predisposed to 

contamination. 

 

4.2.3. Variations of Heavy metals in sediment of Bonny River 

Sediment samples of Bonny River recorded significant values across the 

Stations (Fig 4.22–4.28). Downstream at Stations D recorded the higher values 

but values did not exceed the EPA 2008 standard for sediment.  In soil, arsenic 

is found as a complex mixture of mineral phases, such as co-precipitated and 

sorbed species, as well as dissolved species (Roberts et al., 2007).  The degree 
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of arsenic solubility in soil will depend on the amount of arsenic distributed  

between  these different mineral  phases. The  dissolution of arsenic is also 

affected by particle size.  The distribution between these phases may reflect the 

arsenic source (e.g., pesticide application, wood treatment, tanning, or mining 

operations), and may change with weathering and associations with iron and  

manganese  oxides  and phosphate  minerals in the soil  (Roberts et  al. 2007). 

Higher arsenic concentrations are found in alluvial soils and soils with high  

organic content (Mandal and Suzuki, 2002).  Arsenic in soil may originate from 

the parent materials that form the soil, industrial wastes, or use of arsenical  

pesticides. 

 

4.2.4 Relationships between Heavy metals in water and Sediment of Bonny 
River at various stations 

The significant positive correlations observed in this study (Table 4.11) (Ni/As 

(+0.925**), Cu/Ni (+0.729*), Cr/Cd (+0.787*) and As/Cu (+0.710*)) between 

the heavy metals contents in sediment and water means that the metals in the  

two environmental media could have common sources. The metals probably 

originate from the same source, which is suspected to be Industrial and 

domestic discharges into the river. It was earlier pointed out by Sabo et al., 

(2008) that when metals are released into the aquatic environment, they do not 

always remain in water column but could also be adsorbed onto the sediment. 

The metals adsorbed to the sediment are however desorbed (remobilized from 
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the sediment) back to the water column due to changes in environmental 

conditions such as pH and redox potentials. It may be concluded therefore that 

the positive significant correlation in metals concentrations found between 

sediment and water in this study was because the metals were derived from  

common sources. 

 

4.2.5 Heavy Metal Pollution Index for water 

The heavy metal pollution index for the samples of water is summarized in 

Tables 4.12 to 4.15. In this study, the HPI all falls below the critical index of 

100 Prasad and Sangita (2008). This could be attributed to the period of the  

study  (rainy  season).  Akhionbare,  2011  and  Akhionbare et  al.,  (2013)  have 

observed the dilution and dispersion of pollutant in water column during the  

rainy season. 

4.2.6 Sediment Contamination factor (CF) and Pollution Load Index (PLI) 

The analysis in the investigation indicated that total metal contents in sediment 

are below the limits recommended by USEPA 2008. If a more critical analysis 

using CF categories are used, all the metals still showed low (CF < 1) 

contamination. 

The  PLI  values  vary  from  site  to  site  shows  decreasing  pollution  from  the 

Upstream (Station A) to the downstream (Station D), this could be attributed to 
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dilution and dispersion actions in water column. Though all the PLI across the 

stations are <1 depicting low pollution of the sediment, there is still need for 

continuous pollution monitoring of Bonny River in order to safe guard public 

health. 
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CHAPTER FIVE 

5.0 SUMMARY, CONCLUSION AND RECOMMENDATION 

 

5.1. Summary 

This study recorded significant level of heavy metals across the sampling points 

in Bonny River. Indiscriminate solid waste disposal,  industrial and domestic  

activities were some of the factors that contributed  to the elevated levels of 

these variables in the water samples.  The pH in water was higher (7.94) than in 

sediment  and  EPA  standards  (6.5-7.5)  and  in  water;  it  was  lower  than  the 

recommended values for EPA and WHO. Decrease in pH causes more 

availability on heavy metals. The availability of these heavy metals were in this 

order: Zn>As>Cu>Pb>Cr>Cd>Ni . The levels of heavy metals in sediment of 

Bonny River were significantly higher than those in the water sample, 

especially those of As, Zn Cu and Cr. Heavy metals concentrations also varied 

across sampling station with As and Cu recording highest values at downstream 

locations which harboured several activities such as sand mining and loading, 

indiscriminate  solid  and  human  waste  disposal  by  riparian  communities  and 

fishing.. The order of availability of the heavy metals species in the sediment 

was as follows: As>Zn>Pb>Cu>Cr>Cd>Ni. This study also recorded significant 

positive correlation between heavy metals in water and sediment which means 

that the metals in the two environmental media could have common sources. 
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The metals probably originate from either same waste or parent material as the 

case may be. Aquatic organisms intake of more heavy metals will affect the  

organisms because of sediment reposition.  The Heavy metals Pollution Index 

(HPI) for water sample indicated that the HPI all falls below the critical index of 

100 Prasad and Sangita (2008). This could be attributed to the period of the  

study (rainy season). Continuous Consumption of this water by riparian 

communities especially those downstream could pose severe health 

consequences. 

 

5.2 Conclusion 

Heavy metal pollution index is useful tool in evaluating overall pollution of  

ground as well as surface water pollution. The results indicated that  though  

industrial and persistent indiscriminate waste disposal into Bonny River have 

contributed to the levels of heavy metals observed, the HPI is low as compared 

with critical pollution index value of 100. It has been observed that, the higher 

the heavy metal pollution index value, greater the threat to the living organism 

consuming  such  contaminated  water.  As,  Cr  and  Cd  recorded  values  above 

recommended standard at the downstream station. Efforts should be intensified 

in order to protect the interest of public health. 
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5.3. Recommendations 

In order to have effective control of water pollution and quality management, 

the following recommendations are made: 

Environmentally and economical sustainable technological options, 

which can be efficiently operated and maintained, should be considered 

for waste management for communities within the Bonny River 

watershed. 

Integrated watershed management practices should be adopted in the 

management of Bonny River watershed area. 

River state Environmental Protection Agency should ensure routine 

pollution monitoring of Bonny River. 

Industries and facilities discharging waste into Bonny River should be  

compelled to pay for clean-up exercises (Polluter Pay Principle should be 

enforced). 
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APPENDICES 

Appendix 1. Comparing statistics of heavy metals in water of River Bonny, Rivers State to Standard 

WQP Station Station Station Station 
A B C D Minimum Maximum Range   Mean     WHO 2011 

pH 8.20 8.00 7.84 7.72 7.72 8.20 0.48        7.94         6.5-7.5 

Pb 
(mg/l) 0.00 0.04 0.01 0.14 0.00 0.14 0.14        0.04            0.01 

Zn 
(mg/l) 0.1933 0.2122 0.1624 0.0000 0.0000 0.2122 0.2122    0.14            3.0 

Ni 
(mg/l) 0.0000 0.0000 0.0000 0.0060 0.0000 0.0000 0.0000      -                0.02 

Cd 
(mg/l) 0.0000 0.0000 0.0000 0.0050 0.0000 0.0050 0.0050    0.0012        0.003 

Cr 
(mg/l) 0.081 0.031 0.000 0.165 0.0000 0.165 0.165      0.0692      100ppb 

Cu 
(mg/l) 0.024 0.008 0.006 0.219 0.0060 0.219 0.213      0.0642        2.0 

As 
(mg/l) 0.032 0.000 0.370 0.218 0.0000 0.370 0.370      0.1550        0.01 

WQP= Water Quality Parameters, STATION A: TransAmadi layout, STATION B: Okujagu Axis, STATION  
C: OkuruAma Axis, STATION D: Abuloma Axis. 
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Appendix 2. Comparing statistics of Heavy metals in Sediment of River Bonny, Port Harcourt to Standard 

Station Station Station Station 
WQP A B C D Minimum Maximum Range   Mean    EPA 2008 

pH 8.20 8.00 7.84 7.72 7.72 8.20 0.48        7.94      6.5-7.5 

Pb 
(mg/l) 0.00 0.04 0.01 0.14 0.00 0.14 0.14        0.04         20 

Zn 
(mg/l) 0.1933 0.2122 0.1624 0.0000 0.0000 0.2122 0.2122    0.14         60 

Ni 
(mg/l) 0.0000 0.0000 0.0000 0.0060 0.0000 0.0000 0.0000      -             19 

Cd 
(mg/l) 0.0000 0.0000 0.0000 0.0050 0.0000 0.0050 0.0050    0.0012     1.0 

Cr 
(mg/l) 0.081 0.031 0.000 0.165 0.0000 0.165 0.165      0.0692     150 

Cu 
(mg/l) 0.024 0.008 0.006 0.219 0.0060 0.219 0.213      0.0642      40 

As 
(mg/l) 0.032 0.000 0.370 0.218 0.0000 0.370 0.370      0.1550       - 

WQP= Water Quality Parameters, STATION A: TransAmadi layout, STATION B: Okujagu Axis, STATION  
C: OkuruAma Axis, STATION D: Abuloma Axis. 
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