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ABSTRACT 
Coastal systems, particularly lagoons, creeks and estuaries worldwide are experiencing increased 

pollution from anthropogenic inputs including effluents discharged from urban, industrial, 

agricultural and atmospheric deposition. This has led to degradation of water and sediment 

quality leading to loss of biological diversity and problems in human health. Loss of biological 

diversity is significant for ecological integrity of a system and for aquatic food web it is the 

cause of poor energy transfer along the trophic levels. Heavy metals in sediments cause adverse 

lethal and sub-lethal effects on the dwelling community. Benthic macro-invertebrates integrate 

effects of contaminants over time and are useful indicators of aquatic environment health. The 

objective of this study was to determine the implication of Fe, Cu, Cd, Zn, Mn and Pb dynamics 

in pore-water sediment interface and sediments quality on spatial distribution of benthic macro 

invertebrates in Makupa Creek, Mombasa. The results suggested that sewage effluents from 

domestic and industrial activities, seepage from solid waste disposal and restricted hydrologic 

dynamics influences benthic macro-invertebrates and heavy metal distribution in both sediment 

and pore-water concentrations compared to a pristine coastal area. Analysis of similarity 

(ANOSIM) revealed no significant difference (ANOSIM Global R: = 0.018, -0.026, -0.196 at 

p>0.05) and was attributed to common species in Makupa Creek stations. SIMPER analysis 

revealed limnodriloides barnadi, unidentified nematode, Mesanthula Catenula, Heterodrilus 

jamiessoni, Olavius geniculatus, Oktedrilus monospermlectus, and unidentified polychaete and 

Lucifer chacei are the species that contributed highest dissimilarity. High values of metals 

partitioning coefficients Kd indicated a strong affinity of the metal with sediment and suggested 

restricted bioavailability of the metal to benthic invertebrates. Conservation of estuarine and 

coastal wetlands is important because they are areas rich in biodiversity that play a very 

important role in energy transfers in aquatic ecosystem. 

 

 

 

 
 
 
 

4 
 



 
 

 
 
 
 

Acknowledgement 
 
I would like to acknowledge all individuals who relentlessly and invaluably assisted me in one 

way or another and contributed towards the successful completion of this thesis. This was a 

journey that looked long yet it was made short by your support. 

 

 My great appreciation goes to my supervisors Dr, George Ogendi and Dr, Wilkster Moturi 

senior lecturers from Egerton University for their guidance, encouragement and suggestions that 

have culminated to this thesis.  

 

Many thanks to Dr Messo an ICP-OES specialist, Dr Rashid Tamatama and Dr Daniel Shilla 

lecturers from the University of Dares salaam for assisting me with the instrumental analysis of 

selected heavy in pore-water and sediment samples. 

 

My sincere thanks to Dr Stanley Makindi and his family who always made feel at home and 

offered me a quiet and peaceful environment in their compound that was conducive during the 

course of my study. 

 

I am grateful to the director Kenya marine and fisheries research institute for allowing me to 

pursue my studies, his support and for allowing me to use the institute’s facilities.  

 

I am grateful to the Western Indian Ocean Marine Science Association (WIOMSA) for 

financial support through the Marg ii grant that facilitated my research work travel and 

accommodation in Tanzania. 

 

Lastly I wish to acknowledge the support and patience from my family whose love and 

encouragement saw me through. 

 

 

5 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table of contents 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6 
 



 
 
 
 
 
 
 
List of Abbreviations 
 
ANOSIM                                                Analysis of similarity 

ANOVA                                                 Analysis of variance 

BIOENV                                                Biotic versus environmental 

Eh                                                          Redox potential 

ICP OES                                                inductively coupled plasma optical emission spectrometer 

Kd                                                          Partitioning Coefficient 

LSD                                                        least significant difference 

nM                                                          nanometers 

nMDS                                                    non metric Multidimensional scaling 

SE                                                         standard error 

SIMPER                                               similarity percentage 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7 
 



 
 
 
 
 
 
 
Definition of Terms 
 

Abundance: The total number of organism in sediment per unit area. 

Macro-invertebrates: These are organisms that live on the bottom of a water body (or in the 

sediment) and have no backbone. They live either on the surface of bed forms (e.g. rock, coral or 

sediment – epi-benthos) or within sedimentary deposits (in-fauna), and comprise several types of 

feeding groups example deposit-feeders, filter-feeders, grazers and predators. 

Bio-accumulation: This is the accumulation of substances, like pesticides, heavy metals and 

other organic chemicals in organisms. Bio-accumulation occurs when an organism absorbs a 

toxic substance at a rate greater than that at which the substance is lost, thus the longer the 

biological half- life of the substance, the greater the risk of chronic poisoning, even if 

environmental levels of the pollutant is not high (Chapman D. 1996). 

Bio-magnification: This refers to the bioaccumulation and amplification of a substance up the 

food chain by transfers of residues of the substance in smaller organisms that are food for larger 

organisms in the food chain. It refers to the sequence of processes that result in higher 

concentrations of a substance in organisms at higher trophic levels. Heavy metals are non-

biodegradable and hence tend to bio-accumulate and magnify up the trophic levels (Chapman 

D.1996). 

Eco-toxicology: A scientific discipline combining the method of ecology and toxicology in 

studying the effects of substances and especially on the environment. 

Partition coefficient: Kd defines the ratio between the metal content of the sediment and the 

dissolved concentration and describes the distribution of trace metals between the dissolved and 

the particulate phases (Warnken et al., 2001). 

Kd = C sediment (µg g-1 sediment)/C dissolved (µg l-1 seawater) 

Sediments: Sediment is any particulate matter that can be transported by fluid flow, and which 

eventually is deposited. They act as sinks for heavy metals and other pollutants. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background Information 
Coastal systems, particularly lagoons, creeks and estuaries worldwide continue to experience 

increase in anthropogenic input as a result of increase in effluents discharge from urban, 

industrial, and agricultural as well as atmospheric deposition (Oteko, 1987, Munga 1993). The 

gradual anthropogenic inputs in marine environment over longer time scales causes degradation 

of water and sediment quality leading to loss of biological diversity, problems in human health –

Minamata mercury case in Japan (Graham and Holman 1978) - and affects benthic fauna as a 

result of stress due to their inability to adapt to changing environmental conditions (Gyedu 

Ababio et al., 1999). The loss of biological diversity may be significant for ecological integrity 

of a system and in aquatic food web it leads to poor energy transfer along the trophic levels. 

 

In estuarine, enclosed coastal areas and peripheral lagoons where there are diverse human 

activities, heavy metal pollutants are introduced as sewage effluents, run off from urban and 

agricultural land and industrial effluents. Mobilized metals from these sources associates rapidly 

with suspended sediment having a higher surface area for adsorption and are then incorporated in 

bottom sediments immobilizing metals however, changes in physical and chemical condition in 

aquatic environment may later lead them to dissolution (Hanson et al., 1993)   making them bio-

available for uptake particularly by benthic organisms that spends most of their time in the 

sediment water interface. Most elemental form of metals remain immobilized through 

sedimentation due to crystal stabilization of crystal lattice in sediments (Hanson et al., 1993) 

although partitioning in pore water may take place at scales depending on prevailing physical, 

chemical and biological factors .  
 

Heavy metals magnify at each trophic level and above certain threshold concentrations lead to 

pathological effects as manifested by human poisoning of mercury in Japan (Graham and 

Holman 1978). Higher level of metals in sediments is a cause of great concern because sediments 

are able to integrate metals over time and due to diagenetic processes they may be in constant 

flux with the overlying water column as result of gradient existing between pore water and water 

column (Salomons and Fostner., 1984). The mobilized (dissolved) metal is important for eco-

toxicological reasons because it is the fraction that is bio-available for uptake by organisms and 

is easily recycled through the food chain and thus may cause serious toxicity problems in higher 
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trophic levels (Samir, 2001). Metals bioavailability and degree of toxicity depends mainly on the 

levels in the mobilized phase, therefore, measuring their partitioning between the interstitial 

water and sediment is imperative in understanding their geochemical properties and also their 

effects to the benthic macro-invertebrates. 

 

Due to their low mobility, macro-invertebrates integrate the effects of contaminants over time 

and are therefore used as indicators of pollution including contaminant toxicity because they 

spend most of their time in sediment water interface. Since macro invertebrates are prone to 

sudden or gradual changes in levels of pollutants, leads to the question: does the partitioning of 

selected heavy metals and their enrichment between the sediment and pore-water influence the 

abundance and diversity of the macro-invertebrates in anthropogenically stressed environments 

like Makupa creek? Thus the proposed study investigated the effects of selected heavy metals in 

sediments and pore-water on the abundance, diversity and distribution of macro-invertebrates in 

the study area. 
 

Statement of the Problem 
 

Mombasa town has for the last four decades been expanding as a result of industrial growth and 

increase in human population by natural growth and through migration from rural to urban areas 

as people move in search of better livelihood. This has led to increased demand of land to meet 

the needs of industrial development, human settlement and waste disposal arising from various 

human activities.  Over this time and owing to its location Makupa creek has been recipient of 

anthropogenic inputs generated by diverse human activities both at the Island and the mainland 

areas particularly from the petrochemical industries, food processing factories, the leachates and 

runoff from the former Kibarani municipal dumping site and waste water from the surrounding 

human settlement. Frequent minor and one major oils spill have also occurred and impacted the 

creek in the past leading to death of mangroves wetland and destruction of an important breeding 

ground for economically important fisheries. Though several studies have demonstrated 

degradation of water and sediments quality in this creek, still there is paucity of information that 

links effects of selected heavy metals on the abundance, distribution and diversity of macro-

invertebrates which is important in assessing the ecological integrity of the creek. Macro 

invertebrates play an important role in coastal wetland because they facilitate the biogeochemical 

cycles by aerating the sediments and in the degradation of organic matter. 

Information and knowledge base on the magnitude of coastal wetland degradation is non-existent 

for guiding and formulating approaches necessary for ecological friendly and sustainable 
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management around Mombasa County and other counties along the Kenyan coast. Therefore, 

this study aimed to provide the baseline information necessary to protect coastal wetlands and 

the associated sediment fauna from adverse anthropogenic pollution. 

1.3 The Broad Objective 
The broad objective of this study was to determine the implication of selected heavy metals 

dynamics in pore-water sediment interface and sediments quality on abundance, diversity and 

spatial distribution of macro-invertebrates in Makupa Creek, Mombasa. 
 

1.3.1 Specific objectives 
i) To determine the concentration of Cu, Cd, Zn, Pb, Mn and Fe in pore- water of sediments 

from Makupa Creek. 

ii) To determine the concentrations of Cu, Cd, Zn, Pb, Mn and Fe in sediments of Makupa 

Creek. 

iii) To determine the spatial distribution in abundance and diversity of macro invertebrates in 

Makupa creek. 

iv) To determine the correlation between heavy metals partitioning and diversity indices of 

macro invertebrates in Makupa creek. 
 

1.4 Hypothesis 
 

i) Ho: Heavy metals are not significantly partitioned in the interstitial water bound on 

sediments. 

ii) Ho: Heavy metals are not significantly distributed along the oxidized sediment column. 

iii) Ho: There is no significant variation in abundance and diversity of macro benthic 

invertebrates in Makupa Creek. 

iv) Ho: There is no significant correlation between heavy metals partitioning and diversity 

indices of macro invertebrates in Makupa creek. 

 

1.5 Justification of the Study 
The Kenyan coastal and estuarine systems are currently facing a lot of pressure posed by 

increase in human activities through discharge from human settlement, urban development and 

conversion of coastal wetlands by reclamation for industrial, aquaculture, recreational activities 

and use as dumping ground for sewage and garbage disposal. These activities are not only posing 

threats to human health but are also the leading cause of increased degradation of water and 

sediment quality by enrichment of enclosed coastal systems with organic matter, chemical 
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pollutants (heavy metals, organic pollutants) and excessive sedimentation as a result of erosion 

from terrestrial land based activities. 

 

Deterioration of the natural marine systems also accrues from over dependence by coastal 

communities on these systems for food leading to overexploitation which led to a change in 

ecological balance. Habitat infilling for instance of coastal wetlands for industrial development 

impacts the marine ecosystems by disturbance and removal of benthic organisms, damage of 

spawning areas for fish and alteration of bed profile increases instabilities of shallow banks and 

increases in erosion. 

 

Heavy metals derived from municipal, domestic and industrial effluents accumulate in sediments 

and acts as a sinks and source depending on the prevailing environmental conditions. The 

physical and chemical conditions in these systems often determines the dynamics of heavy 

metals between interstitial water and sediments and their bio- availability often affect many 

sessile and sedentary benthic macro invertebrates in these important system by providing 

conducive environment for dominance of tolerant species.  The study on heavy metals 

partitioning between interstitial water and sediment was therefore, paramount in understanding 

how selected heavy metals dynamic in sediment pore-water influences the spatial abundance and 

diversity of benthic macro invertebrates in Makupa creek, a system that has experienced 

anthropogenic stress for over three decade from anthropogenic inputs derived from human 

activities. 

 

This study provides information needed to inform policy decision by environmental agencies and 

other institution mandated to promote conservation and management of the fragile coastal 

ecosystems especially in the up-coming and existing urban areas along the Kenyan coast. This 

will help in mitigating deterioration of the coastal environmental.   
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Introduction 
According to Kenya vision 2030, the country is plans to grow at an average rate of 10 percent 

per annum. This growth is expected to depend on agriculture, tourism, manufacturing and 

energy sector that currently heavily rely on exploitation of natural resources and environment. 

Developments in these sectors are expected increase pollution levels and generate larger 

quantities of waste than at the present levels especially along the coastal areas where the 

population is projected to increase exponentially in the next few years. Already major effects of 

increased anthropogenic input have been reported along the Kenyan coastal towns where 

capacity is still low to cope with urban expansion and increase with population. This is so 

especially in Mombasa where water and sediment degradation caused by discharge of effluents 

from industrial, urban settlement and accidental oil spills have been shown to affect spawning 

areas for economically important fisheries and the aesthetic nature of marine environment 

(Munga,1993, Munga et al., 2006).  In order to achieve the vision 2030 and the millennium goal 

number seven on environmental sustainability it is necessary to develop pollution control 

strategies for coastal environments by assessing the current contamination status of marine 

environment within the framework of the long-term contamination history. 

 

2.2 Estuarine and Coastal Systems and Benthic Macroinvertebrates 
 

Coastal systems, particularly lagoons and estuaries, are included amongst the most productive 

ecosystems of the biosphere and have long been a focus of human settlement and development 

(McLusky and Elliott, 2004). Human activities place a lot of pressure in these ecosystems and 

past legal protection instruments have shown to be ineffective in stopping degradation and 

reversing their health status (Gray and Elliott, 2009). These systems provides diverse habitat 

with different physical and chemical characteristics within relatively small scale, offer 

important sites for organic matter demineralization and nutrients cycling and important habitats 

for benthic macro invertebrates which are important components of soft bottom ecosystems that 

play an important role in these system dynamics (Herman et al., 1999).  Macro-invertebrates 

comprise primary consumers that incorporate organic matter from different sources into the 

marine ecosystem and also act as intermediate prey for predatory fauna such as large 

crustacean, fish and birds. Macro- invertebrates respond predictably to all kinds of natural and 

anthropogenic stress and are used to indicate the trends and environmental status of marine 
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ecosystems (Atsushi et al., 2005). They also mediate both physical and chemical processes near 

the sediments –water interface, including the degradation of organic matter, metabolism and 

dispersion of contaminants such as heavy metals and oil derivatives. Substantial fraction from 

the carbon flow passes through macro benthic invertebrates and therefore the macro- 

invertebrates’ population is limited by food fluxes in sediments and the effects resulting from 

the physical and chemical conditions. Estuarine ecosystems are characterized by widely 

fluctuating and often unpredictable hydrological and chemical conditions both at temporal and 

spatial scales, industrial and municipal effluents discharge. 

 

2.3 Biological Factors Affecting Distribution of Benthic Macro Invertebrates 
Although inorganic factors exert a major control in estuarine and coastal systems, there are also 

biological factors which influence the distribution and composition of benthic communities. The 

physical and chemical features of the environment determine a range of species which compete, 

but success or failure in a particular habitat depends ultimately on qualities inherent in the 

organisms themselves. Free-living forms move about to find areas that suit them, but the 

majority of adult benthic invertebrates remain more or less stationary, confined within burrows 

or attached to the bottom (Tait and Dipper 1998). 
 

There is often competition for living space, and the outcome of this aspect of the struggle for 

existence is determined by a complex of factors. Some invertebrates tend to space themselves 

from their own species but not from others, on which they may actually settle and attach. Such 

behavior reduces intra-specific but increases inter-specific competition. The relative success of 

different species in competing for space is also influenced by differences of breeding periods, 

reproductive capacities and growth rates. One species may gain advantage by early settlement 

following a seasonal decline in numbers of the community, or a fast-growing species may oust a 

slower-growing competitor by overgrowing it, or by claiming an increasing proportion of a 

shared food source. Interaction between predator and prey regulates the numbers of both (Tait 

and Dipper 1998). 

Mortality due to predation is usually highest during the period following settlement while the 

individuals are still in early stages of their lives. In these conditions, survival may depend upon 

the time of settlement. This passive period lasts several weeks, and some species settling during 

this time are able to reach a sufficient size to become relatively safe from predation before their 

enemies start active feeding again. The composition of benthic macro invertebrates may 

15 
 



therefore reflect coincidences between passive periods of predation and settlement periods of 

other species (Tait and Dipper 1998).  

2.4 Classifications of Heavy Metals and their Sources in Estuarine and Coastal Ecosystems 
 

Heavy metals are classified into two categories: the essential heavy metals important in trace 

levels because of their involvement in important electron transfers in metabolic pathways and as 

enzyme co-factors, however they may be toxic when certain threshold concentrations are 

exceeded. The non-essential metals have no biological significance since they competitively 

displace essential elements in metabolic pathways and enzyme co-factors therefore, disrupts the 

metabolic mechanisms of living systems leading to impaired growth or death (Samir, 2001). 

Essential metals are regulated within a relatively narrow range in the tissues of marine 

organisms except when ambient concentrations in seawater or food reach high, nearly lethal 

concentrations (Amiard et al., 1987). 
 

Heavy metal are introduced in aquatic systems as effluents from human activities though natural 

activities also play a role which may or may not be significant since they are regulated naturally 

through bio-geochemical processes within the system. Heavy metals may be accumulated in 

sediments through: adsorptive bonding on the fine grained sediment, precipitation as discrete 

metal compounds, and co-precipitation by hydrous iron and manganese oxides and by 

carbonates, association with organic molecules and incorporation in crystalline minerals. 

 

Heavy metals introduced in soluble or colloidal forms in estuarine and coastal waters tend to 

either precipitate or adsorb to suspended organic matter (Salomons and Fostner., 1984). The 

precipitated, adsorbed, or complexed metals deposited in a more or less labile, bioavailable form 

in surficial sediments may result in remobilization of the deposited metals back into the 

overlying waters or into sediment pore-water from which they may be bio-accumulated by 

benthic invertebrates. The diagenetic reactions in sediments transform the metals into more 

stable, immobile and non-bioavailable forms (Salomon et al., 1987). 

 

In oxidized, fine-grained sediments, hydrous oxides of iron, aluminum, and manganese, clay 

minerals, carbonates, and organic matter all compete for binding of metals. The partitioning of 

metals among these sediment phases is influenced by the relative binding capacity of each 

phase, the relative strength of the binding of each metal present to each sediment phase, the 

relative abundance of different sediment phases, Solution parameters such as pH, Eh, and 

dissolved inorganic (e.g., chloride) and organic ligands that may complex with or influence 
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speciation of dissolved metal ions; and the concentration of other metal ions, and non-metals 

(e.g., Na, Ca, Mg) that may compete with the metals for available binding sites (Luoma and 

Davis, 1983). 
 

2.5 The fate of heavy metals and their effect on benthic invertebrates 
 

Metals in the form of the pure metal, precipitates, or heavy minerals are not bioavailable for 

uptake by benthic organisms’ though they may become bioavailable when solution parameters 

such as the pH, Eh are altered from their natural thresholds. In estuarine and coastal systems, 

heavy metal contaminants undergo reactions with ligands in water and with surface sites on the 

solid materials with which the water is in contact. The zonation in the upper sediments is 

characterized by gradients with depth and concentrations of heavy metals in pore water may 

exceed largely the levels in the overlying water. This difference is attributed from diffusive 

fluxes of solutes from the sediments into the water column (Berner 1980). The presence and 

activity of benthic macro invertebrates helps in the perturbation and irrigation of the upper 

sediments and enhances the sediments water exchanges of solute (Brune et al., 2000). The 

intertidal sediments in vegetated wetlands facilitate early diagenesis and sediment water 

exchanges through deliveries of oxygen into subsurface layers by roots. The interaction of 

benthic organisms with a pollutant adsorbed on sediment is more difficult to characterize 

because they are always in contact with interstitial water, free water and solid particles (Dickson 

et al., 1987). 

  

Makupa creek  is a peripheral mangrove fringed creek connected to the Indian ocean via Port-

rietz creek and located on the western side of Mombasa island along which part of Kilindini port 

and former Mombasa municipal refuse dumpsite are located. It is a shallow creek always 

exposed at spring low tide. Previous studies have demonstrated Makupa creek to have relatively 

higher levels of heavy metals both in sediments and biota (Oteko 1987, Kamau 2001, 

Kamau2002, Mwashote 2003) and this has been attributed to anthropogenic loading from 

residential, municipal dumpsite and industrial activities. This has been linked to its geographical 

positioning giving it sinking properties characterized by peripheral lagoons sheltered from strong 

tidal currents (Rees et al., 1996) and is thus subject to less erosion. Osore et al (2003) observed a 

decline in species (copepods) composition and abundance of the biodiversity forming important 

marine pelagic food web in this location compared to the more pristine areas north of Mombasa 

at Mida creek. A study on metal fluxes revealed Cu, Ni and Fe as being main pollutants in its 
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backwaters, however, Mn, Cd, and Pb remained effectively immobilized (Kamau et al., 2006), 

this reflects the importance of heavy metal partitioning in the sediment pore-water interface. 

Although studies on heavy metal distribution in sediment matrix, flux studies in sediment –water 

column (Oteko 1987, Kamau 2001, Kamau 2002, Kamau 2006, Mwashote 2003) have been 

conducted in Makupa creek, there still exists a gap on information on the partitioning of heavy 

metals which is important in understanding their rate of exchange between interstitial water and 

sediments and the influence they have on benthic macro-invertebrates. 
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2.6 Theoretical/Conceptual Framework 

Contamination of the marine environment by metals has risen in recent years due to the global 

population increase and industrial development. The coastal and estuarine zones are more 

exposed to this problem than the oceans because of their proximity to the sources of pollution 

from human activities. The distribution of heavy metals in different components of the marine 

ecosystem (water, sediment, flora, and fauna) have naturally been regulated by physical-

chemical processes, for instance dilution, diffusion, precipitation and sorption, as well as other 

processes involving marine organisms, such as uptake and elimination. On the other hand 

benthic macro-invertebrates have been regulated through competition, predation and recruitment 

and their diversity often vary depending on spatial heterogeneity of the coastal. Geological 

factors inherent along the intertidal zone also play important role in the mobilization of heavy 

metals in sediments. For instance, diagenetic processes in sediments as result of gradients in 

physical and chemical factors may result in immobilization metals hence making them 

unavailable for uptake by resident organisms. Benthic macro-invertebrates are important 

indicator of heavy-metal and organic contamination of the marine environment. Different benthic 

macro-invertebrates respond to external contamination in different ways, the quantity and form 

of contaminants in water, sediment or food determines the degree of contamination and 

organisms response vary depending on their degree of adaptation. Benthic macro invertebrates 

are useful indicators of marine pollution because they integrate pollutants over time and their 

response may be demonstrated by reduced abundance and species diversity over spatial and 

temporal scales. 

Total metal concentration in sediments indicates the relative degree and extent of contamination 

however; this does not necessarily reflect exposure in resident macro-invertebrates. Often when 

oxygen demand exceeds supply in sediment column, sub-oxic and anaerobic microbial processes 

follow and the associated changes in redox conditions occurs which influences the fate  (burial 

verses the remobilization and release) of metals and redox  sensitive heavy metals. Mobilized 

heavy metals become bioavailable to the sedentary organisms that incorporates them into their 

bodies through feeding and by their interaction with their surroundings. Depending on toxicity 

level of a particular metal and the degree of tolerance in different species often lead to 

suppressed or increased abundance and diversity of macro-invertebrates.  The conceptual 

framework (Figure 1) shows that there exists a link between human activities, biological factors, 

geological processes and water, sediment quality and ecological integrity of coastal wetlands. 
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Intervening variables 
• Hydrodynamic 

characteristics 

• Waste management 

• Human settlement 

• Industrial 
development 

• Policies and 

Dependent Variables 
• Heavy metals in pore‐

water, water column 
and sediments. 

• Macro invertebrates 
diversity and 
abundance 

Independent variables 

1) Human activities 
• Industrial discharge 

• Domestic discharge 

• Land reclamation 

• Oil spills 

• Solid Waste disposal 

2) Biological factors 
• Competition 

• Predation 

• Recruitment 

3) Geological processes 

• Diagenetic processes 

Enhanced water quality, sediment 
Quality and ecological integrity 

Deteriorating water and sediment 
Quality and loss of ecological integrity 

Figure 1: The conceptual framework model 
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2.7 Scope of the Study 

The study sought to establish whether there is any significant relationship between the dynamics 

of selected heavy metals in sediments pore-water interface and the spatial distribution and 

diversity of benthic macro invertebrates’ in Makupa creek, Mombasa. The study was conducted 

on three transects established along the creek in order to capture spatial variability and the 

influences of different anthropogenic inputs from land adjacent the creek. Gazi Bay which is a 

pristine marine environment was used as a control site since it is located far from intensive 

human activities and its mangrove ecosystem still holds the natural conditions. The heavy metals 

selected for this study include Cadmium (Cd), Zinc (Zn), Lead (Pb), Copper (Cu), Manganese 

(Mn) and Iron (Fe) and the macro-invertebrates residing in the oxidized sediment column will be 

studied. The study will involve the determination of spatial variability of the selected metals and 

macro-invertebrates in the study area.  

 
2.8 Limitations and Assumptions 
 

• There was limited variability in chemical composition of sediment matrix during the time 

of sampling, extraction of pore-water from sediment on exposure to environmental 

conditions in the laboratory. 

•  The use of nitrogen provided an inert atmosphere that reduced the temporal variability 

caused by oxidation by atmospheric oxygen to sediments during the sectioning of core 

samples and pore-water extraction. 

• The constraints of resources restricted the study to spatial distribution of both selected 

heavy metals and benthic macro-invertebrates over temporal distribution owing to the 

intensity of work involved in metals analysis and taxonomic identification of the macro-

invertebrates. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 The Description of Study Area 

This study was conducted in Makupa creek (390 38` E, 40 02`S) located on the western side of 

Mombasa Island. The creek has an estimated area of 1.1km2, usually covered with flood tide at 

high spring tide flowing from the Port Reitz creek. With the exception of the front water zone 

next to Kipevu bridge which is slightly deep the rest of the creek is shallow with a mean depth of 

less than 3.0m. The back side of the creek acts as sediment sinks from Makupa Cause way and 

the former Mombasa municipal dumpsite and is exposed during low spring tide (Kamau 2001). 

The creek lacks fresh water input but is surrounded by diverse set of human activities ranging 

from human settlements (Shimanzi, Makande and Kibarani), industrial (Kipevu power 

generation Station, Gapco petrochemical storage station, Kenya Ports Authority and heavy 

commercial transport depots) to municipal solid waste dumping site. Effluents from these 

activities have significantly impacted the creek for more than three decades and research 

conducted in this creek has revealed poor sediments quality. 

 In this study three sampling transects were strategically selected to capture the anthropogenic 

effects in different sections of the creek. Different areas of Makupa creek receive varying inputs 

from different human activities and their influence was used to establish different transects.  

Sample collection was done at the lowest spring tide in order to randomly sample the intertidal 

area. The selected sampling sites represented coastal microenvironment characterized by 

different physical, chemical and geomorphological features and degree of pollution. Sample site 

1 was located adjacent Shimanzi area to capture the influence of waste water outfall from the 

nearby Shimanzi settlement and industrial area, Sample site 2 was located on the backside of the 

creek to capture the effects of sediments accumulation in the fringing Avicenia Marina mangrove 

stand while sample site 3 was located along the former Makupa municipal site to capture the 

effects of urban run-off and seepage from dumpsite leachate into the marine environment. 

The control site was located in Gazi Bay which is a shallow semi-enclosed tropical coastal 

system with a mean depth of 5.0m. Gazi Bay is located approximately 50km South of Mombasa 

town. The Bay has an estimated total area of 15km2 with mangrove forests covering an area of 

5km2. The mangroves forest is dominated by Rhizophora mucronata, Sonneratia alba, Ceriops 

tagal, Bruguieria gymnorrhiza and Xylocarpus granatum (slim and Gwada 1993). The Bay is 

open to the Indian Ocean through a relatively wide and shallow entrance in the south. Gazi Bay 

has two tidal creeks (Kidogoweni and Kinondo) draining the upper region of the Bay, which is 
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dominated by the mangrove vegetation. Kidogoweni receives freshwater from Kidogoweni River 

but Kinondo lacks a direct surface fresh water input although salinity fluctuation suggest ground 

water influx which is significant during wet season (Kitheka 1996, Kitheka et al., 1996). The 

drainage basin for Kidogoweni River extends into the coastal range of Shimba hills with a 

drainage area of 30 km2. River discharge is only significant in wet seasons and occasionally 

reaches up to 5.0 m3s-1. With regards to human activities the coastal ranges of Shimba hills are 

dominated by subsistence farming although atmospheric fall out cannot be ruled out especially 

from atmospheric pollution from Mombasa town. 

   

Figure 2: The map of Mombasa Island and Makupa creek. (By Pamela Ochieng KMFRI 
Mombasa) 
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Figure 3: The map of Gazi Bay showing the control site. (By Pamela Ochieng KMFRI 
Mombasa) 
 

3.2 Research Design 
This study was an ecological survey. Representative samples were collected from stratified 

transect established along the Makupa creek. Sediment representative samples from transects 

were randomly collected between the highest and lowest water mark for selected heavy metals 

analysis and for determination of the abundance and diversity of macro benthic invertebrates 

using Plexiglas corers. 

3.3 Sampling Procedures 

3.3.1 Sampling for heavy metals 
Sediment cores for heavy metals analysis were collected during extreme low tide using Plexiglas 

corers by inserting the corer into sediment column and transported under freezing condition into 

the laboratory. The collected core sediments were sliced into different sections in the sampling 

locations followed by centrifuging the sliced core sections in the laboratory to extract the pore 

water under inert nitrogen gas to avoid exposure to oxygen.  
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Plate 1, Luxuriant natural regeneration of Mangrove forest in Gazi (left) and scattered 

solid waste (right) along the intertidal section of the Makupa dumpsite. 

 

 
 

 

 

 

Plate 2, Seepage flow from the dumpsite (on the left) and the algal mat exposed at low tide 

(right) at the backwaters section of Makupa creek. 

 

 The extracted pore water filtrate was filtered through 0.45μm cellulose membrane filters 

followed by acidification to pH 2 with nitric acid until the time of heavy metals analysis. The 

pore-water extracted sediments were oven dried overnight at 60oC and then digested in aqua-

regia to extract heavy metals tightly bound by the Fe hydroxide, organic and sulfide carrier 

phase. Total digestion of the particulate fraction will not be performed since the surface-active 

and acid-leachable fraction are more important in the partitioning of heavy metals between the 

pore-water phase and solid phase than the fraction bound by the crystal lattice of the alumino-

silicate minerals. 
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The acidified pore-water and acid leachable heavy metals were analyzed by running the samples 

through inductively coupled plasma atomic emission spectroscopy (ICP-AES VARIAN VISTA 

PRO). It was operated with a radio-frequency generator at 40 MHz and 1200 W. A peristaltic 

pump delivered the sample digest solution through a Scott- type spray to the Meinhard nebulizer 

with a 1.0 L/min flow rate. The flow rate of plasma was 15 L/min and the auxiliary argon was 

1.5 L/min. The emission measurements were taken at 8mm above the radio-frequency coil. The 

spectrometer was operated under a computer system in the automatic mode with background 

correction employing ICP expert software. 

 

The Vista-PRO covers the 167-785 nm wavelength range. Vista-PRO’s wavelength selection 

flexibility allows minor and major elements to be determined simultaneously in a single 

measurement without the need for dual viewing or having to re-analyze the samples. Alternative 

wavelengths were selected to minimize spectral interferences and as a cross check to increase 

confidence in the results. 

The wavelengths (nm) used for different elemental determination are given in table 1 below.    

Blanks were included in each batch of analysis. The precision and accuracy of the analytical 

technique were assessed by the analysis of certified Reference materials-(National Research 

Council of Canada) with each batch of samples.  

The partition coefficient (Kd) of a particular heavy metal between the filter passing and 

particulate  fraction was defined as the ratio of the heavy metal concentration in the particles 

(Mep),in mol/kg to that in filter passing fraction (Med), in mol/l  and will be given by the 

equation 

Kd=(Mep)/(Med). 

The partition coefficient of the heavy metal  provided quantitative information on the association 

of heavy metals with sediments since only the exchangeable fraction are in dynamic equilibrium 

with the metals in pore-water phase. 

3.3.2 Sampling for Macro-invertebrates 
 

The macro-invertebrate were sampled using a 6.5cm diameter plexiglas corer by coring a depth 

of 10cm and then wet sieved through a 500μm sieve. The retained organisms were preserved in 

70% ethanol. Three replicate samples were taken from each station. Organisms were sorted and 

identification to the lowest possible taxonomic level counted in the laboratory by use of 

stereomicroscope using East African identification keys. 
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Plate 3, Sectioning of benthic macro-invertebrates core sample (left) and identification 

(right) at species level using stereomicroscope in the laboratory. 

 

3.4 Data Analysis 

The concentrations of selected heavy metals in pore-water were presented as arithmetic mean 

with standard deviation. Both data on heavy metals and macro-benthic invertebrates were 

analyzed using the computer software PRIMER and excel. For the macro invertebrates data both 

univariate parameter such as abundance, species richness (S), Shannon diversity index (H’), 

Pielou Evenness (J’), Simpson dominance (D) and Species rarefactions (Es50)  and multivariate 

were computed. A correlation-based PCA ordination was performed using computer software 

PRIMER (Clarke and Warwik 1996) to identify any meaningful patterns from samples in 

relations to macro-invertebrates abundance and heavy metals in sediments, pore-water and the 

partitioning coefficients. Analysis of similarity (ANOSIM) was performed to test the presence of 

statistical differences in benthic macro-invertebrates species abundances among the study 

stations in each core section. Non metric multidimensional scaling (nMDS) was used to visualize 

the macro-invertebrates resemblance of then study locations. Similarity percentage (SIMPER) 

analysis was performed to assess the species contributing (percentage) to similarity and 

dissimilarity between the study locations in Makupa creek and the control site at Gazi in each 

core section and BIOENV was used to select the best subset of selected heavy metals in 

sediments, pore-water and partitioning coefficient explaining the results of multidimensional 

scaling. Analysis of Variance (ANOVA) was used to test the differences in mean concentrations 

of heavy metals in pore-water, sediments and macro-invertebrates abundances in different sites. 
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Chapter Four 
4.0 Results  

4.1.1 Benthic macro invertebrate’s composition 
The densities of benthic macro-invertebrates assemblage in each core section (0-3cm, 3-6cm and 

6-9cm) and study location are presented in figure 4. A total of 43 species distributed in 743 

individuals and 11 taxonomic groups of benthic macro invertebrates were observed in section 0-

3cm of three core samples per sampling site (Table 1). Benthic macro invertebrate’s densities 

ranged between 28 to 87 individuals’ per 33.17 cm2 in Makupa 2 (lowest) and Gazi (highest) 

respectively. The assemblage in Gazi station recorded 13 species which were dominated by 

Limnodriloides barnardi and olavius geniculate whereas assemblage in sewage, backwaters and 

dumpsite stations of Makupa creek were dominated by Ceratonereis erythraensis, Olavius 

geniculate and Mesanthura Catenula respectively. Although dumpsite station recorded the 

highest total benthic macro invertebrates abundance, it recorded the lowest values of Simpson 

diversity index (1-λ), Shannon diversity index (H’), species rarefactions (Es50) and Pielous 

evenness index (J’) whereas backwater station recorded the  highest Simpson diversity index (1-

λ) and   Pielous evenness index (J’) followed by Gazi. 

 

 
Figure 4: Mean (±SE) total abundance in each core section and study location (n=3) 

 
 
Table 2: Sum of abundance of different species in three core (Ind.33.17cm2 ) and values of total 
abundance (A), number of species (S), Margalef species richness index  (d), Pielou’s evenness 
index (J’) species rarefaction (Es50), Shannon diversity index (H’) and Simpsons diversity index 
in core Section 0-3cm measured at four sampling stations. 
 

Taxa Species name Mak1 Mak 2 Mak3 Gazi  Abundance
____________________________________________________________________________________ 
       
Amphopod amphipoda sp 0 0 7 0 7 
Amphopod ingolfiella puteali 0 0 1 0 1 
Copepoda leptastacus macrony 2 0 0 0 2 
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Copepoda Tisbe furcuta 0 0 2 0 2 
Crab Macrophthalmus latreillei 1 0 1 0 2 
crab Macrophthalmus milloti 0 0 0 1 1 
Gastropod Gastropoda Sp 0 0 4 0 4 
Gastropoda alvania beani 0 0 1 0 1 
Gastropoda Littoraria glabrata 3 0 0 0 3 
Insecta Entomobryidae 0 0 0 1 1 
Isopod Micocerberus sp 2 0 0 0 2 
Isopoda Isopod sp 0 0 8 0 8 
Nematod Anoplosioma 0 0 0 1 1 
Nematod Anticoma 0 2 0 3 5 
Nematod Nematoda sp 0 11 0 0 11 
Nematod Nematoda sp 0 0 0 33 33 

Oligochaete 
Aktedrilus 
monospermthecus 0 3 0 4 7 

Oligochaete BranchiomaViolacea 0 0 1 5 6 
Oligochaete Heterodrilus jamiesoni 0 2 0 31 33 
Oligochaete Limnodriloides barnardi 0 1 0 152 153 
Oligochaete Olavius geniculatus 0 38 0 14 52 
Polychaeta Hesionides gohari 8 0 0 0 8 
Polychaete Ceratonereis erythraensis 60 33 3 14 110 
Polychaete Dendronereis arborifera 0 4 0 0 4 
Polychaete Faureliopsis brevis 0 0 1 0 1 

Polychaete 
Parapodrilus 
psammophilus 1 0 0 0 1 

Polychaete Petitia amphophthalma 1 0 0 0 1 
Polychaete Polychaeta sp 0 0 0 2 2 
Polychaete prioospio sexoculata 0 0 41 0 41 
Isopod Mensanthura Catenula 0 0 205 1 206 
Tanaidacea Tanaidacea sp 28 0 0 0 28 
Tangle worms Thelepus sp 0 0 6 0 6 
Abundance 106 94 281 262 743 
No of species 9 8 13 13 
d' 1.72 1.54 2.12 2.16 
J' 0.57 0.69 0.4 0.56 
Es 50 6.7 6.9 6.4 7.7 
H' 1.25 1.44 1.03 1.46 

  1-lambda                                                                 0.61       0.70         0.44     0.63 
_____________________________________________________________________________________ 
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Pooled total abundance of benthic macro invertebrates assemblage (Table 2) in core section 3-

6cm of  three core samples collected per site decreased to a total of 316 individuals compared 

with core section 0-3cm and were distributed in 24 species of 8 taxonomic groups. Similarly as 

in core section 0-3cm Gazi recorded the highest density of 56 individuals’ cm-2 and Makupa 

backwater station had the lowest density of 6 individuals’ cm-2.  Gazi also recorded the highest 

abundance, Simpson diversity index (1-λ), Pielous evenness index (J’) which is an indication of 

normal interaction of benthic macro invertebrates characteristic of pristine habitats where rooted 

system of mangroves helps to aerate the subsurface layer of sediment profile and hence creating 

conducive environment for benthic macro-invertebrates. Makupa Backwater station registered 

lowest in all the diversity indices indicating the synergetic effect of pollutant accumulation from 

the former Mombasa dumpsite and the drastic increase in sediments anoxia as noted from the 

sulphide smell during sample collection. In this core section Oligochaetes,   Limnodriloides 

barnardi and Heterodrilus jamiesoni and unidentified Nematode dominated the benthic macro-

invertebrates species in Gazi whereas polychaete, Ceratonereis erythraensis dominated in 

sewage and backwater station while Mensanthura Catenula dominated in dumpsite of Makupa 

creek. 

 
Table 3: Sum of abundance of different species in three core (Ind.33.17cm2 ) and values of total 
abundance (A), number of species (S), Margalef species richness index  (d), Pielou’s evenness 
index (J’) species rarefaction (Es50), Shannon diversity index (H’) and Simpsons diversity index 
in core Section 3-6cm measured at four sampling stations. 
_____________________________________________________________________________ 
 
Taxa Scientific name Mak1 Mak2 Mak 3 Gazi  Abundance

_____________________________________________________________________________ 
 

       
Amphipod amphipoda 0 0 4 0 4 
Amphipod amphipoda sp 0 0 2 0 2 
Bivalve Mytilidae 1 0 0 0 1 
Bivalve Protapes sinuosa 1 0 0 0 1 
copepod leptastacus macrony 1 0 0 0 1 
Gastropoda alvania beani 0 0 12 0 12 
insect insecta 0 0 0 1 1 
Nematod Nematoda sp 0 0 0 26 26 
Oligochaete Aktedrilus monospermthecus 0 0 0 7 7 
Oligochaete Heterodrilus jamiesoni 0 0 1 21 22 
Oligochaete Jasmineira elegans 0 0 4 0 4 
Oligochaete Limnodriloides barnardi 0 0 2 86 88 
Oligochaete Olavius geniculatus 0 0 0 18 18 
Polychaete Ceratonereis erythraensis 23 17 1 8 49 
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Polychaete Dendronereis arborifera 4 0 0 0 4 
Polychaete Faureliopsis brevis 0 0 4 0 4 
Polychaete Polychaete sp 0 0 1 0 1 
Polychaete Prioospio sexoculata 0 0 12 0 12 
Isopod Mensanthura Catenula 0 0 49 0 49 
Tanaids Tanaidacea sp 0 1 0 0 1 
Abundance 30 18 92 176 316 
No of species 5 2 10 7 
d' 1.18 0.35 1.99 1.17 
J' 0.51 0.31 0.67 0.74 
Es 50 5 2 8.3 6.1 
H' 0.81 0.22 1.55 1.44                 

  1-Lambda                                                              0.41   0.11        0.68   0.68 
____________________________________________________________________________ 
 
Section 6-9cm recorded the lowest abundance of benthic macro invertebrate’s assemblage with a 

total abundance of 72 individuals distributed in 20 species. Makupa dumpsite station registered 

the highest  Simpson diversity index (1-λ), Shannon diversity index, species rarefactions and 

Margalef’s richness index which may be as result of increased detritus favoring species that are 

more tolerant to both organic and inorganic pollution. The lowest abundance was recorded in 

Makupa backwater station which also had the least number of species an indication of drastic 

changes in conditions which do not favor invertebrates’ life as a result of either accumulation of 

contaminant or increase in sediment anoxia with depth.    

 

 
Table 4: Sum of abundance of different species in three core (Ind.33.17cm2 ) and values of total 
abundance (A), number of species (S), Margalef species richness index  (d), Pielou’s evenness 
index (J’) species rarefaction (Es50) and Shannon diversity index (H’) in core Section 6-9cm 
measured at four sampling stations. 
_ 
Taxa Species name Mak 1 Mak 2 Mak3 Gazi Abundance

_____________________________________________________________________________ 
 
       
Anthropoda Colomastix kapiolani 1 0 0 0 1
Mollusca Tellina sp 2 0 0 0 2
Mollusca Littoraria glabrata 1 0 0 0 1
Mollusca alvania beani 0 0 1 0 1
Mollusca onoba semicostata 0 0 1 0 1
Anthropoda Lucifer chacei 0 1 0 0 1
Nematod Nematoda sp 0 1 0 2 3
Oligochaete Aktedrilus monospermthecus 0 0 0 3 3
Oligochaete Limnodriloides barnardi 0 0 0 9 9
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Oligochaete Olavius geniculatus 0 2 2 3 7
Polychaete Ceratonereis erythraensis 13 3 4 7 27
Polychaete Hesionides gohari 3 0 0 0 3
Polychaete Polychaete sp 5 0 1 0 6
Polychaete prioospio sexoculata 0 0 1 0 1
Isopod Mensanthura Catenula 0 0 6 0 6
Abundance 25 7 16 24 72
No of 
species 6 2 7 5 
d' 1.55 1.54 2.16 1.26 
J' 0.77 0.92 0.86 0.9 
Es 50 6 4 7 5 
H' 1.36 1.28 1.67 1.45 

  1‐Lambda                                                                          0.69          0.81        0.82       0.77 
_____________________________________________________________________________________ 
 
 
 
Table 5                            
A two way ANOVA 
showing the benthic 
macro-invertebrates 
interaction with depth 
and site 

 

 
 
 
 
 

Source of Variation  SS  df  MS  F  P‐value  F crit 
Depth  18093.5 2 9046.75 12.23774 0.000217  3.402826
Site  9290.444444 3 3096.815 4.189131 0.016136  3.008787
Depth x site  5420.055556 6 903.3426 1.221972 0.329668  2.508189
Within  17742 24 739.25
Total  50546 35            

 
 
The two way analysis of variance (Table 4) showed that there was a statistically significant 

variation in abundance with depth and between sampling site F2, 24=12.23774, p<0.05 and F3, 24 

=4.189, p<0.05, however, the interaction between the depth and site was not significant F6, 24 

=1.2219, p>0.05. This is an indication of how different types/sources of perturbation influence 

the distribution of benthic macro invertebrates. 
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Macro invertebrates resemblance matrix

Transform: Square root
Resemblance: S17 Bray Curtis similarity

Site and section
G
M1
M2
M3

Gazi 0-3cmGazi 3-6cm

Gazi 6-9cm

Makupa 1 0-3cm

Makupa 1 3-6cm
Makupa 1 6-9cm

Makupa 2 0-3cm

Makupa 2 3-6cm

Makupa 2 6-9cm

Makupa 3 0-3cm

Makupa 3 3-6cm

Makupa 3 6-9cm

2D Stress: 0.11

 
Figure 5: Non metric multidimensional scale of square root transformed benthic macro 
invertebrates’ assemblage of different core sections in Gazi and Makupa creek. 
 
The nMDS analysis (figure 5) clearly shows that there were differences in the structure of the 

Macro invertebrates assemblage between the four study stations, however, there were overlaps of 

benthic macro invertebrates of core sections 6-9cm and 3-6cm in Makupa sewage and Makupa 

backwater stations and core sections 6-9cm, 0-3cm of Makupa backwaters and Gazi stations 

respectively were observed probably showing similarity in assemblage structure. Makupa 

dumpsite and Gazi stations were separated from other study stations suggesting the influence of 

seepage and detritus input from the former municipal dumping site and the pristine conditions in 

the later. Makupa backwater station, which is located on the backside of the creek acted as 

transition area between sewage discharge and the dumpsite of Makupa creek possibly owing to 

hydrodynamics influence of Makupa sewage station which has a waste water outfall from 

adjacent residential settlement and industries and Makupa dumpsite which experiences seepage 

and swash tidal effects from the former municipal dumpsite. Gazi station control site was 

separated from Makupa creek stations probably by differences in the resident species of benthic 

macro-invertebrates that are characteristic of pristine natural environment. The stress value 0.11 

associated with the ordination indicated that it was a useful 2-D Picture. 
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Figure 6 Species accumulative curve for total benthic macro-invertebrates in sediment core 

sections in pristine, sewage, backwaters and dumpsite 

 

The accumulative curve (figure 6) for the sum of all species observed in all the core sections per 

station indicated high species evenness and richness for Gazi pristine station but dominance 

(80%) of two to three species in Makupa creek sewage, backwater and dumpsite stations. 

Makupa backwater station had the lowest species richness compared to Makupa sewage and 

dumpsite station thus suggesting combined stress from both the sewage and the dumpsite station 

owing to its restricted hydrodynamics influence to disperse contaminant. Species richness in 

Makupa sewage and dumpsite relative to backwaters may be due to higher algal mat and detritus 

material providing a foraging ground for herbivores and detritivores. Dominance by two to three 

species indicated presence of opportunistic species favored by extreme conditions created by 

sewage and dumpsite sewage. 

 

Analysis of similarity (ANOSIM) performed on all the species from core sections indicated that 

there were no significance difference in similarity among the species (ANOSIM Global R: = 

0.018, -0.026, -0.196 and p>0.05 for 0-3cm, 3-6cm and 6-9cm core sections respectively). 

Ceratomereis erythraensis was found in all the study stations but was more abundant in the 

upper sediment layer of Makupa sewage and backwater stations.  
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 SIMPER analysis showed that Ceratomereis erythraensis contributed the highest average 

similarity in all the core sections of  samples in Makupa creek, however, Olavius geniculatus, 

unidentified polychaete and Olavius geniculatus also added to similarity in section 6-9cm. 

SIMPER analysis also revealed that the highest  average dissimilarity (81.20%, 81.53% and 

68.30% in core sections 0-3cm, 3-6cm and 6-9cm respectively) between the Makupa creek and 

Gazi Bay were contributed  by limnodriloides barnadi, Unidentified nematode, Mesanthula 

Catenula, Heterodrilus jamiessoni, Olavius geniculatus, Oktedrilus monospermlectus, 

unidentified polychaete and Lucifer chacei. 

 

4.1.2 Concentrations of selected heavy metals in pore-water 

The dissolved pore-water concentrations of Cd, Cu, Mn, Pb, Zn, and Fe are presented in figures 

6(a, b, c, d, e and f) showing the mean values and depth variation. One way analysis of variance 

revealed that the pore-water concentration of Cd, Cu, Fe, Mn and Zn in section 0-3cm were 

significantly different (F3, 12 >3.49, p<0.05) in all sites but Pb was not significantly different (F3, 

12=1.0884, p>0.05). Post hoc analysis, however, revealed that the mean concentrations for Cd 

and Mn were different (LSD test; p>0.05) in all sites, mean Cu concentrations were not different 

between Gazi and Makupa sewage and between Makupa backwater and Makupa 3 dumpsite. Fe 

and Zn in Makupa sewage and Gazi respectively were different from the other sites.  

 In core section 3-6cm one way analysis of variance revealed that dissolved pore-water 

concentration for Cu, Fe, Mn, Zn and Pb were significantly different (F3, 12, >3.49, p<0.05) but 

Cd concentrations were not different (F 3, 12=1.646, p>0.05) in all the studied stations. However, 

a post hoc analysis (LSD test: p>0.05) indicated that concentration of Cu, Zn and Pb in Makupa 

sewage and Makupa backwater were not different but were different in Gazi and Makupa 

dumpsite, whereas for Mn, Makupa sewage was different from other studied stations while for 

Fe the concentrations between Gazi and Makupa sewage and also between Makupa backwater 

and Makupa dumpsite were not different.  

In core section 6-9cm, one way analysis of variance revealed that with the exception of Cd (F3, 

12=3.282, p>0.05) the concentrations of Fe, Cu, Zn Pb and Mn were significantly different (F3, 12 

>3.49, p<0.05). However, a post hoc analysis (LSD test; p>0.05) indicated that Cu and Mn, Fe 

and Pb concentrations in Gazi and Makupa backwater were different from other studied stations 

while Makupa backwater and Makupa dumpsite were not significantly different in the case of 

Zn.  
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The pore-water extracted in core sections 9-12cm and 12-15cm for Gazi station was not 

quantitative and therefore, there is no data for these core sections.  However, in these core 

sections pore-water concentrations for Cu, Cd and Zn and Cd, Cu and Mn were not significantly 

different (F2, 9<4.256, >0.05) while Fe, Pb Mn and Fe, Pb and Zn respectively were significantly 

different (F2, 9>4.256, p<0.05) for sites located in Makupa creek.  Least Significance difference 

test  p>0.05 revealed that Mn and Pb, Fe concentrations in Makupa backwater and Makupa 

sewage respectively were different in section 9-12cm while Zn, Pb, and Mn concentrations in 

Makupa sewage and Makupa backwater respectively were different for section 12-15cm. 

 

 

 
Figure 7a, Distribution of pore-water dissolved Fe in ppm (n=3 and SE=0.05) 
 
The concentration of Fe in pore-water ranged from 2.128±0.11 to 9.61±2.49 ppm in all the core 

sections of the study stations. Gazi and Makupa sewage stations recorded an increase in 

concentration with depth but irregular increase and decrease was noted in Makupa backwater and 

dumpsite stations however, there was significance difference with depth and location at 

F4,12=0.229, p<0.05 and F3,12=1.16, p<0.05 respectively. Pore-water Fe was moderately 

correlated with J’, Shannon diversity index (H’), and Simpsons diversity index (1-λ), but weakly 

correlated to sediment bound metals, number of species, d’, Es50 and other pore-water dissolved 

metals. 
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Figure 7b Distribution of pore‐water dissolved Cu in ppm (n=4 and SE=0.05) 
 
Pore-water concentrations for Cu ranged from 13±0.32 to 85.85±61.25ppb in all core sections 

and study locations. Only Makupa backwater station recorded a decrease in concentration with 

depth while other stations recorded either irregular decrease or increase, however, these were not 

significant in both locations (F3, 12=0.938, p<0.05) and depth (F4, 12=0.387, p<0.05). Pore-water 

dissolved Cu was moderately inversely correlated with sediment bound metals and weakly 

correlated with diversity indices and pore-water dissolved metals (appendix). 

 
 

 
Figure 7c Distribution of pore-water dissolved Cd in ppb (n=4 and SE=0.05) 
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Cd concentration in pore-water ranged from 0.203±0.041 to 2.96±4.11ppb. Cd was not detected 

in the two upper sections of Makupa backwater station and in section 9-12cm of Makupa sewage 

station; however, Makupa backwater station recorded the highest levels though no significant 

difference was noted both with depth and location. Pore-water Cd concentration was moderately 

correlated with J’, Shannon diversity index (H’), Simpsons diversity index (1-λ) but weakly 

correlated with other diversity indices. It was also weakly inversely correlated with sediment 

bound Mn, Pb, Zn and pore-water dissolved Mn, Pb and Zn (appendix).  

 
 

 
Figure 7d Distribution of pore-water dissolved Mn in ppb (n=4 and SE=0.05) 
 
Mn concentration in pore-water ranged from 71.46±0.67 to 459.33±27.32 ppb, the highest 

concentration was recorded in upper sediment layer (core section 0-3cm) and a greater variation 

was observed in other core sections. Gazi recorded the lowest concentrations and significant 

differences was noted by both location (F3, 12=6.501, p>0.05) and depth (F4, 12=9.22, p>0.05). 

Pore-water concentration for dissolved Mn was moderately correlated with sediment bound Cu, 

Mn, Pb, Zn and pore-water dissolved Pb, Zn and Fe but weakly correlated with diversity indices 

(Appendix ).  
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Figure 7e Distribution of pore-water dissolved Pb in ppb (n=4 and SE=0.05) 
 
Pb concentration in pore-water ranged from 7.34±4.27 to 32.73±0.11 ppb. In Gazi the 

concentrations increased with depth whereas sewage and backwater stations in Makupa creek 

registered high levels in the section 0-3cm relative to other sections. Makupa backwater station 

registered the highest concentration levels in all the sections compared to Gazi control station 

other study stations in Makupa creek. Pore-water dissolved Pb was weakly correlated with all 

diversity indices, sediment bound metals and other pore-water dissolved metals. 

 

 
 

 
Figure 7f Distribution of pore-water dissolved Zn in ppb (n=4 and SE=0.05) 
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Zn concentration ranged from1.16± to 1116.04±  ppb. Makupa sewage station registered higher 
levels of pore-water dissolved Zn in the oxidized top sediment layer but decreased with depth. 
Makupa dumpsite and backwater stations recorded higher levels in the deeper core section but 
with low pore-water dissolved Zn in the upper oxidized layer however, this was in contrast of the 
observation made in Makupa sewage station .Dissolved Zn concentration in pore-water 
moderately correlated with sediment bound metals, dissolved Mn but inversely correlated with 
dissolved Cd and diversity indices.    
 
 
 
4.1.3 Concentrations of selected heavy metals in sediments 
The concentrations of Fe, Cu, Mn, Pb, Cd, and Zn in sediments are presented in figures 7 (a, b, c, 

d, e and f) showing the mean values and depth variation per section and study site.  One way 

ANOVA revealed significant difference between the sampling sites (F 3, 12,> 3.49, p> 0.05) in all 

concentrations of selected heavy metals in sediments under this study. 

In core section 0-3cm, the least significance difference test (LSD test p<0.05) revealed that mean 

Cd, Fe, Zn and Mn concentrations in sediments were all different in the studied stations with an 

exception of mean Cu whose concentration were significantly different and Pb whose 

concentrations were significantly different in Gazi and Makupa sewage stations. 

 In  core section 3-6cm LSD test p<0.05 revealed that mean Cd concentration was significantly 

different in Makupa backwater and Makupa dumpsite, mean  Pb,Mn and Zn concentrations were 

significantly different in Gazi and Makupa sewage while mean Fe and Cu concentrations were 

significantly different in all studied stations. 

 In core section 6-9cm, the LSD test p<0.05 revealed that Fe, Cu, Zn, Mn, and Pb concentrations 

were all different in the studied  atations except for Cd concentration which was different in Gazi 

and Makupa 3. 

 LSD test p<0.05 in core sections  9-12cm and 12-15cm revealed that Cd, Fe, Zn, Pb and Fe, Cu, 

Zn, Mn, Pb  mean concentrations respectively were different in all study stations except Mn and 

Cd concentrations which were different in Gazi and Makupa sewage respectively. 
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Figure 8a Distribution of Cu in sediments in µg/g in the upper sediment layer (n=4 

SE=0.05)  

The concentration of Cu in sediments ranged from 5.45±0.83 to 75.59±1.82 µg/g and Gazi 

recorded the lowest concentrations. It was observed that there was no significant difference with 

depth F4, 12=1.59, p>0.05 but significant difference in concentrations were noted with study 

location F3, 12=49.99, p<0.05. Cu in sediments was strongly correlated with sediment bound 

metals and moderately with pore-water Cu but weakly correlated with diversity indices. 

 

 
Figure 8b, Distribution of Fe in sediments in µg/g in the upper sediment layer (n=4 
SE=0.05) 
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Fe concentrations in sediments ranged from 534.053±199.91 to 32149.13±1777.78µg/g.  Highest 

concentrations were recorded in Makupa dumpsite station whose concentration was three times 

that of Makupa 1. No significant difference was noted with depth F4, 12=1.427, p>0.05.  Fe was 

strongly correlated to sediment bound metals but weakly correlated with diversity indices and 

pore-water metals except pore-water dissolved Cu which was strongly inversely correlated.  

 
 
 

 
Figure 8c, Distribution of Cd in sediments in µg/g in the upper sediment layer (n=4 
SE=0.05) 
No significant difference with depth. Gazi recorded the lowest levels while Makupa 3 recorded 

the highest level which was almost three times the levels recorded for Makupa 1. The range in 

concentration of Cd in sediment was 0.252±0.04 to3.86±0.33µg/g.  Cd was, however, strongly 

correlated with sediment bound metals and was moderately inversely with pore-water Cu but 

weakly correlated with diversity indices and other pore-water dissolved metals. 
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Figure 8d Distribution of Zn in sediments in µg/g in the upper sediment layer (n=4 
SE=0.05) 

 
Zn concentration in sediment ranged from 5.01±0.67 to 399.51±9.90 µg/g. Makupa backside 

station and Makupa dumpsite station recorded elevated concentration relative to Makupa sewage 

station. There was no significance difference with depth F4, 12=0.378, p<0.05. Zn concentrations 

in sediments were weakly correlated with pore-water Zn, Pb and Mn and with diversity indices 

but strongly correlated to sediment bound metals and inversely with pore-water Cu and Cd. 

 
 

 
Figure 8e Distribution of Mn in sediments in µg/g in the upper sediment layer (n=4 
SE=0.05) 
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Mn concentrations in sediments ranged from 2.74±0.24 to119.76±1.03µg/g. There was no 

significance difference with depth F4, 12=1.227, p<0.05 however, variation with depth appeared 

to be uniform. Makupa backside station and Makupa dumpsite station recorded the highest levels 

in all the sections of the core almost twice the concentrations recorded in makupa sewage station. 

Mn in sediments strongly correlated with other metals bound in sediments and moderately with 

pore-water Cu but weakly correlated with diversity indices and pore-water dissolved metals. 

 

 

 
 

Figure 8f Distribution of Pb in sediments in µg/g in the upper sediment layer (n=4 SE=0.05) 
 

Pb concentration in sediment ranged from 2.91±0.41 to 66.61±5.17µg/g. Pb was not detected in 

sections 0-3cm, 6-9cm and 9-12cm in Gazi. There was no significance difference in 

concentration with depth . Makupa backside, however, recorded the highest concentration of Pb 

in sediments almost double realative to Makupa sewage station and Makupa dumpsite station in 

lower sections of the core. Pb was weakly correlated with pore-water Mn and Pb and weakly 

inversely related with Cu and Cd but was strongly correlated with other sediment bound metals.  
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PCA of Fe, Zn, Cu, Pb, Mn and Cd in sediments ,porewater and their partitioning coefficients Kd
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Figure 9 Principal Component analyses PCA station core section plot of Fe, Cu, Cd, Zn, 
Mn and Pb in sediment, pore-water and their partitioning coefficients. 
 
 Principal component analysis (PCA bi-plot), performed with heavy metals in sediments, pore-

water (Fe, Cd, Cu, Mn, Zn, and Pb) and their partitioning coefficients is plotted in Fig 8. Axis 

PCA1 showing gradient from right to left, explains majority of the sample variability and PCA2 

(from top to bottom) explains part of residual variability. The first principal component (PCA1)  

which accounts 58%  horizontal variation clearly separated Gazi station on one side from the 

other stations in Makupa creek and explained the variability contributed to the left by sediment 

bound Cu, Fe, Cd, Zn, Mn and Fe and their partitioning coefficients and to the right by pore-

water dissolved  Cd, Cu, Fe, Pb, Zn and Mn . The second principal component (PCA2) with 

accumulated variation of 72% separated Makupa dumpsite from Makupa backwater and Makupa 

sewage stations. PCA 2 explains vertical residual variation contributed from the top by 

concentrations of sediment bound Fe, Cd, Cu, and Mn and log10 values for Cd, Cu, Fe and Mn 

and from bottom by sediment bound Pb, pore-water dissolved Fe, Cu, Mn, Pb, Zn and log10 Kd 

for Pb and Zn. 
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BIOENV analysis performed  with Cu, Mn, Cd, Pb, Zn  and Fe data from sediment, pore-water 

and their partitioning coefficient showed  that the best significant relationship between benthic 

macro-invertebrates and five variables were given by Fe and Cd in sediments, dissolved Mn and 

Zn in pore-water and  Cd partitioning coefficient  at ρ= 0.409. The permutation test (BIO-ENV) 

indicated significant relationship that falls within (ρ<0.65, ρ>0.05, p<0.19) of biological data in 

relation to the Cu, Mn, Cd, Pb, Zn and Fe in sediment, pore-water and partitioning coefficient 

data. 

 

4.1.4 Partitioning coefficients of Cd, Cu, Mn, Fe, Pb and Zn metals in sediment pore-water 
interface 
The partitioning coefficient Kd data for Cu, Cd, Fe, Mn, Pb and Zn are presented in figures 9 (a, 

b, c, d, e and f). Partitioning coefficient Kd was defined here as the ratio between the metal 

content in sediment phase and the pore-water dissolved concentration and described the 

distribution of Cu, Cd, Fe, Mn, Pb and Zn between pore-water dissolved and sediment phases. In 

order to allow easier presentation, all partition coefficient Kd values were transformed to log10 

and presented as shown in the figures below. 

 

 
Figure 10a, Partitioning coefficient ratios for Cd in Makupa creek stations and Gazi (log10 

Kd Cd) 
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 The log10 Kd values for Cd ranged between 2.217 and 4.270. Gazi recorded the lowest Kd 

values for Cd while higher values were recorded in stations located in Makupa creek and was 

attributed to higher concentration of Cd in sediments. The highest log10  Kd Cd was recorded in 

core section 0-3cm of Makupa dumpsite with the highest concentration for sediment bound Cd. 

Log10 Cd was weakly correlated (appendix) to number of species, J’, Es50, H’ and 1-λ but 

moderately with d’. 

 

 
Figure 10b, Partitioning coefficient ratios for Cu in Makupa creek stations and Gazi (log10 

Kd Cu) 

 

The log10 Kd Cu values ranged from 1.769 to 3.782. Gazi recorded the lowest values compared 

to Makupa creek stations that were two and three orders of magnitude higher. The log10 Kd Cu 

was nearly uncorrelated (Appendix) with all the diversity indices. 
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Figure 10c, Partitioning coefficient ratios for Fe in Makupa creek stations and Gazi (log10 

Kd Fe) 

The log10 Kd Fe values ranged from 1.87 to 4.011. There was a decrease in Fe Kd values with 

depth in Gazi while sections 0-3 and 3-6cm recorded an increase from Makupa sewage to 

Makupa backside and dumpsite stations. Log10 Kd Fe values in core sections 6-9, 9-12 and 12-

15cm did not vary much in stations located in Makupa creek. The log10 Kd Fe however, were 

weakly inversely correlated to J’, H’ and 1-λ. 

 

 
 

Figure 10d, Partitioning coefficient ratios for Mn in Makupa creek stations and Gazi  

(log10 Kd Mn) 

The log10 Kd Mn ranged from 1.660 to 3.147. Sewage, backwater and dumpsite stations in 

Makupa creek recorded to three orders of magnitude higher when compared to Gazi and was 

attributed to slightly elevated concentration of Mn in sediments. Log10 Kd Mn values were 

weakly inversely correlated to the number of species, species rarefactions (Es50), Shannon 

diversity index (H’) and 1-λ. 
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Figure 10e, Partitioning coefficient ratios for Pb in Makupa creek stations and Gazi  (log10 

Kd Pb) 

Log10 Kd Pb ranged from 2.490 to 3.848. The Kd values for core sections 0-3, 3-6cm were not 

calculated since  Pb was undetected in sediments from Gazi stations, however, the values 

obtained for stations in Makupa creek were one magnitude higher than those recorded for Gazi’s 

section 6-9cm. Log10 Kd Pb values were weakly inversely correlated to number of species, d’, J’, 

Es50, H’ and 1-λ. 

 

 

 
Figure 10f, Partitioning coefficient ratios for Zn in Makupa creek stations and Gazi  (log10 

Kd Zn) 
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The log10 Kd Zn values ranged from 0.269 to 3.135. Makupa creek stations recorded two and 

three orders of magnitude higher when compared to Gazi. Higher concentrations of Zn in 

sediments from Makupa creek contributed to high partitioning coefficients. Log10 Kd Zn were 

nearly uncorrelated to all the diversity indices (Appendix 4). 
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Chapter Five                                                                                                                                  

5.0 Discussion                                                                                                                                

5.1 Benthic Macro-invertebrates composition                                                                                      

Marine ecosystems particularly estuarine wetlands form unique ecosystems that are critical to 

life histories and development of many aquatic species and form discrete habitats that are 

separated by eco-physiological boundaries and spatial distances (Dauvin, 2007). Marine 

ecosystems adjacent many urban areas are now increasingly subjected to higher anthropogenic 

stress arising from sewage and industrial discharge, reclamation of coastal wetlands, siltation as 

a result of erosion from drainage basins, solid waste dumping and atmospheric fallouts. The 

present study characterized the benthic macro-invertebrates distribution and sediment quality in 

Makupa creek along the pollution gradient subjected in this important coastal system from 

diverse pollution sources adjacent the creek. This study aimed to determine the implication of Fe, 

Cu, Zn, Cd, Pb and Mn concentrations both in pore-water and sediments on benthic macro-

invertebrates assemblage from sewage impacted site, domestic and industrial solid waste 

dumping site and hydro-dynamically restricted backside locations of Makupa creek.  Previous 

studies along the Kenyan coastline have focused on the distribution of benthic macro-

invertebrates and their restoration patterns in natural, bare, reforested and degraded mangroves 

system of Gazi at higher taxonomic levels (Mutua et al 2011, Crona et al 2005, Bosire et al 

2004, Fondo and Martens 1998) and the effects of urban wastewater loading on macro- and 

meio-infauna assemblage (Penha-Lopes et al 2010) however, this study has focused on the 

implication of wastewater discharge and urban  solid waste disposal on coastal wetlands and has 

emphasized on the implication of the dynamics of selected heavy metals in sediment pore-water 

interface on benthic macro-invertebrates at species level. Highest abundance was recorded in 

core section 0-3cm but decreased down to core section 6-9cm. The decrease in macro-

invertebrates abundance was attributed probably to increase in sediment anoxia down the 

sediment column which restricted survival of species adapted to high oxygen concentration to 

thrive. This was reflected by low species abundance in the backwaters of Makupa creek which 

experiences synergetic pollution load rich in organic and dissolved inorganic pollutants from the 

sewage discharge location and seepage from the former municipal dumpsite. Higher densities of 

benthic macro-invertebrates were recorded in the pristine and former dumpsite locations 

however; lower densities were recorded along Makupa creek with sewage discharge point and 

the backwater area with restricted hydrodynamic influence. Higher density in the former 

dumping site was attributed to the slimy algal biomass and detritus materials washed by higher 

energy tidal waves from the dumpsite (Personal observation) which provided food to the 

opportunistic polychaetes like Ceratonereis erythraensis found to dominate the Makupa 
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dumping site location. Oligochaetes Heterodrilus jamieson, limnodriloides barnardi, and 

unidentified  nematode dominated the pristine station at Gazi but polychaete Ceratonereis 

erythraensis, Prioospio sexoculata and Tanadacea Mesanthura catenula dominated the 

residential and industrial sewage discharge location and the backwater location of the Makupa 

creek. These results were consistent with previous studies conducted in Gazi ( Mutua et al 2011,  

Penha-Lopes et al 2010 ) which recorded higher densities of oligochaetes in the degraded natural 

site attributed to their feeding habits of micro-flora associated with decomposing detrital 

materials from mangrove forest. A non-metric multidimensional scaling (nMDS) graphically 

separated all study stations and this suggested differences in benthic macro-invertebrates 

assemblage structure accruing from pristine, sewage outfall and dumpsite.                               

Overlap of benthic macro-invertebrates assemblage in core sections (Fig 5) from sewage 

discharge and backwaters in Makupa creek reflected similar assemblage structure and suggest 

presence of similar species adapted to extreme condition of high sediment anoxia and possibly  

to feeding habits on high algal mats and detritus rich sediments (personal observation). 

Separation of Gazi and Makupa dumpsite location was explained by dominance of different 

species from oligochaete and polychaete taxonomic groups. Dominance of oligochaetes in Gazi 

suggested that they were well adapted to areas subjected to low pollution impacted areas whereas 

relatively impacted areas in Makupa creek was dominated by polychaetes.  Analysis of similarity 

(ANOSIM) revealed no significant difference (ANOSIM Global R: = 0.018, -0.026, -0.196 at 

p>0.05 for 0-3cm, 3-6cm and 6-9cm core sections respectively) and was attributed to common 

species both in studied locations and core sections however, SIMPER analysis revealed 

limnodriloides barnadi, Unidentified nematode, Mesanthula Catenula, Heterodrilus jamiessoni, 

Olavius geniculatus, Oktedrilus monospermlectus, unidentified polychaete and Lucifer chacei as 

the species that contributed  highest dissimilarity between Makupa creek and Gazi Bay station. 

These species were found to dominate the pristine location in Gazi and thus could serve to 

delineate undisturbed natural coastal and estuarine environments. In this study, the abundance of 

benthic macro-invertebrates assemblage was significantly different within sites and depth and 

this indicate spatial variations as a result of different types of pollution loads. Though no studies 

have been conducted at species level along the Kenyan coast, the diversity indices in the present 

study indicated variation within study stations and depth (Tables 1, 2 and 3) and revealed that 

pristine location was ecologically healthier compared with the study stations located in Makupa 

creek since its total abundance was representative of a mosaic of species from different 

taxonomic groups. The study also demonstrated that use of diversity indices at species level give 

a better picture of the integrity of the coastal and estuarine ecosystem health compared to similar 

studies conducted in the region on the effects of coastal degradation, restoration of degraded 
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mangrove wetland and waste water input in Gazi and Mikindani respectively which examined 

the benthic macro-invertebrates at higher taxonomic levels (Mutua et al 2011, Penha-Lopes et al 

2010). A study on copepod composition by Osore et al 2003 recorded low species richness and 

abundance revealed variation with seasonal cycles in Makupa creek attributed to water column 

degradation.  
 

Benthic macro-invertebrates enhance benthic solute fluxes and biogeochemical processes by 

increasing, the surface area of contact between water and sediments (Volkenborn et al., 2007). 

Their burrow and tube linings serve as sites for active microbial populations and generally 

increase habitat complexity (Aller, 1988). The process of active flushing of these structures (i.e., 

bio-irrigation) stimulates microbial activity that removes toxic metabolites, which, combined 

with oscillating redox conditions, enhances overall organic matter cycling (Aller, 1994).  

 

5.2 Heavy metals in pore-water.                                                                                            

Heavy metals are natural constituents of marine environment, normally present at very low 

concentrations levels in sediments and water and a number are biologically essential to the living 

organisms. Heavy metals in coastal and estuarine ecosystems derive from various sources that 

range from external sources that include inputs from industrial and municipal effluents, non-

point sources such as atmospheric fallouts and inputs from rivers. Competing processes in water 

and sediment columns often determines the fate and biogeochemical cycling of heavy metals 

such as their uptake and release by benthic invertebrates, addition and removal by particles from 

water column, export to the ocean and immobilization in sediments through diagenetic processes 

in sediment matrix. 
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 In the present study pore-water dissolved Fe, Cu, Cd, Pb, Zn and Mn considered were found to 

vary with each study location and depth both in the polluted locations in Makupa creek and the 

pristine location in Gazi. Pore-water dissolved Cd concentrations was lower in the sewage 

discharge location relative to the pristine and polluted locations and was attributed to effective 

tidal flushing in sewage discharge location at flooding tide (Makupa sewage station) and  

probably  by differences in sediment interstitial chemistries of both locations where inputs of 

freshwater and organic rich waste-water may have rendered changes  in physical and chemical 

properties along the sediment profile that may have led to differences in the level of oxidation 

and reduction of metals in sediments. Rapid degradation of organic matter in sewage station may 

have led to mobilization of metals from sediments to pore-water owing to coexistence of 

sulphate and iron reduction bacteria (Sakellari et al 2011) and also due to high primary 

production in mangrove system resulting from high nutrients release from sewage. 

Although Mn is reduced to soluble Mn2+species under anoxic condition and oxidized to Mn-

hydroxo complexes in oxic  condition, the values observed in this study for pore-water dissolved 

Mn was higher in the oxidized upper sediment layer than the reduced sediment  layer down the 

sediment profile. This observation suggests that most of the pore-water dissolved metals in 

Makupa creek are controlled by sulphate reducing bacteria present in anoxic conditions. The 

sulfide and other reduced sulfur species, produced by microbial oxidation of organic matter from 

dumpsite and sewage fallout, react with labile metals in sediments to form metal sulfides. 

 In Gazi oxygenation of sub-surface sediment layer by mangroves roots and algal mats could 

have contributed to oxidation of less soluble sediment metal sulphides to more soluble metal 

sulphates compared to Makupa polluted location where discharge of enriched dissolved metal 

was attributed from water seepage from the former municipal dumpsite.  Kamau et al   2006 

observed exchange of heavy metals in sediment-water interface in Makupa backside contributed 

by changes in physicochemical parameters in the backwater side of Makupa Creek attributed to 

combined effect of microbial activities and high primary production which lead to either 

precipitation or mobilization of heavy metals. In the oxygenated upper sediment layer higher 

dissolved pore-water metal may have been caused by dissolution of Mn and Fe oxyhydroxide at 

respective redox cline, however, lower levels  down the sediment profile may also have been 

caused  by sorption of  Mn and Fe  oxyhydroxide coating on sediment particles and sorption to 

clay particles and precipitation of various sulphides.  Borrow irrigation by benthic invertebrates, 

increase interstitial (pore-water) circulation and oxygenation of sediments, which in turn 

enhances remobilization and immobilization of sediment bound heavy metals and thus influences 

sediment column conditions. 
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Weak correlation of pore-water dissolved Pb with all the diversity indices, sediment bound 

metals and dissolved pore-water metal suggests that dissolved pore-water Pb has minimal 

influence on  benthic invertebrate’s assemblage and sediments interstitials chemistry. High 

concentration of pore-water dissolved Mn in the upper section of sediment profile was probably 

due to oxidation of unstable sulphides and volatile organic matter present in the upper sediment 

layer. In the upper sediment layer oxic conditions created by atmospheric oxygen and 

photosynthetic oxygen produced by algal mat and mangrove roots may have led to formation of 

soluble sulphates, humic and fluvic acid radicals that released metals trapped in sediments. 

 

With the exception of Cd and Fe which gave Pearson’s correlations of r= 0.62 and r=0.49 for J’, 

r=0.57and 0.40 for H’, and r=0.60 and r=0.50 for 1-λ respectively, all the other pore-water 

dissolved metals were poorly correlated with the diversity indices and this suggested that Cd 

which is a non-essential metal does have some toxicological influence on benthic macro-

invertebrates assemblage and distribution whereas dissolved Fe may have been linked to its 

dynamics on sediment anoxia. Again with the exception of pore-water dissolved Cu which 

showed an inverse correlation (r>0.60) with all sediment bound metals, sediment bound Pb was 

moderately correlated to pore-water dissolved Zn, Mn and Cd. 

 

5.3 Concentration of heavy metals in sediments. 

The sediment concentrations of Fe, Cu, Cd, Pb, Mn and Zn in present study demonstrated that 

the former municipal dumpsite was the main source of metal contamination in Makupa creek 

because their levels were elevated in the upper core section and suggested that it contributed to 

higher levels of the metals in the backwater of the creek when soft sediments are washed 

laterally and deposited on the backside part of the creek at flooding tide. High energy tidal waves 

at flooding tide often forces the dumpsite rich seepage to flow towards the backside of Makupa 

creek where less energetic waves leads to sedimentation of fine suspended sediments enriched 

with metals from the dumpsite. In deposited sediments diagenetic processes lead to precipitation, 

adsorption, or complexation metals in more or less labile, bioavailable forms in surficial 

sediments. The diagenetic reactions occurring in oxidized and reduced sediment layers (e.g., 

dissolution and precipitation of iron and manganese oxyhydroxides during changes in sediment 

redox potential and reduction of sulfur during degradation of sediment organic matter) may 

result in remobilization of the deposited metals back into the overlying water column or into 

sediment pore water, from which they may be bio-accumulated by benthic organisms. Diagenic 

reactions may alternatively transform the metals into more stable, immobile, and non-

bioavailable forms (Salomons, 1985; Salomons et al., 1987). 
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 Although in the present study Cd and Fe revealed similar trend and were elevated in all the core 

sections of Makupa dumpsite station, the backwater station revealed an increase in 

concentrations of Pb, Zn, Mn, and Cu with depth and suggested that the backside station acted as 

a sink for metals owing to the restricted hydrodynamics influence at flooding tide and thus its 

location and geomorphology encourage sediment, organic load and fine fluid mud to accumulate 

from Makupa course way runoff, sewage outfall and former municipal dumpsite. 

 

The backside station of Makupa creek also recorded highest values of Pb concentrations in 

sediments at lower sediment profile suggesting the significance of sediment accumulation from 

highway runoff from the adjacent Makupa course way and atmospheric deposition from the 

continuous combustion of solid wastes from the dumpsite. The backwater station …… A study 

on metal fluxes  in Makupa creek backwaters  revealed Cu, Ni and Fe as main pollutants that 

diffused from sediment to the overlaying water column, however, Mn, Cd, and Pb remained 

effectively immobilized in sediments (Kamau et al., 2006), and this reflected the importance of 

heavy metal partitioning in the sediment pore-water interface. 

 

Makupa sewage station recorded the lowest concentrations of Fe, Cu, Cd, Mn, Pb and Zn in 

sediments relative to other stations in Makupa creek. This may be attributed to effective 

sediment flushing at flooding tide and mobilization of these metals as a result of oxidation of 

insoluble metal sulphides by atmospheric oxygen and photosynthetic oxygen produced by 

mangroves roots on the upper sediment layer leading to upward diffusion in pore-water. 

Contribution of high organic matter from sewage may lead to high nutrients load and hence 

promote high primary production of the sewage associated algal mats and this may lead to 

mobilization and precipitation of heavy metals due to changing sediment chemistries that results 

in the transformations and assimilation of nutrients within the upper sediment layer.   

 

Gazi control station recorded concentrations of Fe, Cu, Mn, Zn, Pb and Fe level several times 

lower compared to concentrations in Makupa creek and thus reveals how significant urban areas 

contribute in terms of metal enrichments in sediments of coastal and estuarine areas.  
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Separation of Gazi Bay from Makupa creek study locations was revealed by the first principal 

component (Fig 9) which show that pore-water dissolved Mn, Pb and Zn and sediment bound Fe, 

Cu, Cd, Zn, Pb and Mn contributed the highest negative variability and thus reveals the 

significance of anthropogenic inputs of metals from adjacent human activities and the former 

municipal dumpsite. Pore-water dissolved Fe, Cd and Cu, however, contributed positively to 

PC1 suggesting similar natural processes of oxidation and reduction in the sediment pore-water 

interface as regulating their bioavailability in both Gazi and Makupa creek system. A similar 

trend was observed with PC2 where Makupa dumpsite station was separated from the Makupa 

sewage and backside stations and similar variability were noted where sediment bound metals 

and their partitioning coefficients contributed positively while pore-water dissolved metals 

contributed negatively to the variability. This was due to elevated concentrations of sediment 

bound metals in Makupa dumpsite and backside location relative to sewage discharge location.  

  

Sediment bound Fe and Cd, pore-water dissolved Mn and Zn and log10 Kd Cd were five 

variables identified by Bioenv procedure that explained the distribution of benthic macro-

invertebrates assemblage in Makupa creek. Influence of sediment bound Fe and pore-water 

dissolved Mn may be related to their dynamics in different oxygen levels and reflects the extent 

of oxygen bioavailability along sediment profile while sediment bound Cd may be related to its 

toxicity and its log10 Kd Cd values suggests the role of Cd dynamics in sediment toxicity 

especially when it is in bioavailable form.    

 

High correlation values of sediment bound metal (r>0.80 see appendix 4) indicated that though 

these metals represented the exchangeable fraction in the sediment, they were strongly held 

together by crystal lattice forces resulting from sediment aging during precipitation process. 

Weak correlation values with benthic macro-invertebrates diversity indices suggested that 

sediment bound metals were not easily bioavailable to influence the assemblage in Makupa 

creek.  
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5.4 Partition dynamics of Fe, Mn, Zn, Cu, Pb and Cd in sediment pore-water interface.            

In sediments of natural aquatic systems such as coastal and estuarine wetlands, heavy metals are 

distributed between the pore-water dissolved phase and sediment phase and their fate and 

bioavailability strongly depends on the distribution and the strength of the sediment –metal 

association. Pore-water dissolved and partitioning of heavy metals in sediment pore-water 

interface is influenced by pH, changes in salinity and particle concentration, particle size and 

nature of particles (Bourg, 1987). Forstner and Patchineelam 1976b have shown that low pH 

favors exchange of metals from sediments to pore-water while salinity leads to competition 

between pore-water dissolved cations and adsorbed metals in sediments thus explains metals 

dynamics especially when these conditions exists.  

 

In the present study, low Kd values were recorded in Gazi for all the metals studied and were an 

order magnitude lower than those from study locations situated in Makupa creek. Low Kd values 

in Gazi reflected the partitioning dynamics of pristine environment indicating the thresholds 

concentrations of metals existing from natural background.  Higher Kd values recorded in 

stations at Makupa creek were attributed to elevated concentrations in sediment matrix relative to 

metals in dissolved pore-water indicating the significance of metal input from the dumpsite and 

the sewage and industrial effluents from nearby settlement and industries. 

In spite of low Cd pore-water concentration in Makupa sewage discharge location Cd Kd values 

were an order of magnitude higher compared to Gazi which had higher pore-water dissolved Cd 

but low concentration in sediments. Low pore-water dissolved for Cd in sewage discharge 

location was attributed to diffusion, dilution by waste water and by efficient and effective 

flushing of this location by tidal cycles which may have led to rapid change in the 

biogeochemical conditions and the kinetics of reactions in sediment unlike in the hydrodynamic 

restricted location at the backside of the creek.  
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High values of Kd indicated a strong affinity between the metal and the sediment and suggest 

restricted bioavailability of the metal to the benthic invertebrates. Higher affinity of heavy metal 

with sediment also suggested that the metals were strongly held within the sediment crystal 

matrix and therefore, presented low risks associated to the metal toxicity. With the exception of 

species evenness d’ which moderately correlated with log10 Cd (r=0.59) all the other diversity 

indices were weakly correlated to log10 Kd values for Fe, Cu, Pb, Mn and Zn. The Kd values 

between pore-water and sediment in the present study were two to three times orders of 

magnitude lower compared to a similar study conducted for Kd values between overlying water 

column and suspended particulate phase in transition area between the Oder and Peene Rivers 

and the Southern Pomeranian Bight (Pohl et al 1998). 
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Chapter Six  

6.0 Conclusion and Recommendation 

6.1 Conclusion 

This study has demonstrated that Makupa Creek is relatively impacted by anthropogenic inputs 

resulting from effluent discharge from formal settlement and encroaching informal settlement, 

conversion of mangrove wetland for industrial development and leachate from accumulated solid 

wastes from the former dumpsite when compared to the pristine coastal system. Human activities 

adjacent the creek were adversely impacting on functional and ecological processes provided by 

coastal wetland through siltation from the reclamation of mangrove wetland and establishment of 

industries on slope fronting the creek, sewage input from human settlement and seepage from the 

former solid waste dumpsite. 

 

Makupa creek was characterized by high abundance of polychaetes but low species diversity at 

the sewage input site, high species diversity but low species abundance on the dump-site 

reflecting the synergistic effects of environmental pollutants while the backside of the creek 

displayed an intermediate distribution of the species relative to former sites. On the other hand 

dominance of few species was observed in Makupa creek stations compared to Gazi control 

station which had higher species evenness and richness. The dumpsite and sewage stations had 

higher species richness compared to the backside though with low species evenness clearly 

demonstrating spatial variability of benthic macro-invertebrates within narrow scales and 

represented different structures of assemblage due to physical and biological differences. 

Sediment bound Fe and Cd, pore-water dissolved Mn and Zn and Cd partitioning coefficient 

gave the best combination of environmental variables that significantly influenced benthic 

macro-invertebrates in this study. 

 

Pore-water dissolved Fe, Cu, Cd, Pb, Zn, and Mn varied with location and depth. Makupa creek 

sewage station recorded low pore-water dissolved Cd compared to the pristine station in Gazi, 

however, it increased down core for the backwater and dumpsite station. High pore-water 

dissolved Cd in Gazi was probably contributed by dissociation of Cd trapped on organic (humic 

and fluvic) acid radical and by oxidation of insoluble sulphide to soluble sulphates. Except for 

pore-water dissolved Cd and Fe other metals studied were poorly correlated with diversity 

indices and suggested some degree of influence either direct or indirectly on resident benthic 

macro-invertebrates.                                                                                                                                                   
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Similar trend of heavy metal distribution in sediments was noted in Makupa creek except for Cd 

and Fe that appeared to be elevated at Makupa dumpsite. The upper section of sediment in 

Makupa dumpsite station recorded high levels of the metal selected in this study and was found 

to be the main source of these metals to the creek. Higher level of Cu, Mn, Pb and Zn in 

sediments from backwater station was attributed to its location and geographical position that 

restricted erosion and hence the site acts as a sink.  An elevated level of Pb in sediment in the 

backwater station was attributed to road runoff since it is a storm water entry point into the creek 

and also from atmospheric deposition from combustion of solid wastes from the adjacent 

dumpsite. All the selected metals in sediment were almost not correlated to the diversity indices 

considered in this study and suggested that sediment bound metals were not easily bioavailable 

to influence benthic macro-invertebrates assemblage.  

 

Low partitioning coefficients for all the metals studied was recorded in Gazi control station 

compared to Makupa creek stations. In spite of slightly elevated pore-water dissolved Cd and Cu 

in Gazi partitioning coefficient remained low suggesting a greater influence of diagenetic 

processes in the reduced and oxidized layer of sediment column. High partitioning coefficients 

values in Makupa creek revealed that the metals were strongly held within the crystal matrix of 

sediments and thus presented low risk associated with metal bio-availability to resident benthic 

fauna.  

 

6.2 Recommendations 

• Coastal and estuarine wetlands are highly productive areas rich in biodiversity that play a very 

important role in energy transfers in aquatic ecosystem. Modification of these wetlands by 

human activities results in loss their functional attributes likely to disrupt their functional 

equilibrium within these wetlands and related ecosystems. Therefore, in order to maintains 

their ecological integrity and enhances the important role played by the mosaic array of benthic 

micro and macro‐invertebrates in nutrients and organic matter recycling by direct feeding on 

detritus, aeration of sediments by sediment reworking and bio‐irrigation and construction of 

biogenic structures that stimulates microbial activities in sediments thereby abating water and 

sediment quality deterioration this study recommends conservation of coastal and estuarine 

wetlands to prevent future disasters associated with algal blooms and other disturbances in the 

adjacent ecosystems. 

• Treatment and management of wastes generated from municipal and industries prior to 

disposal in coastal wetlands in order to maximize their assimilation capacity without affecting 

wetland associated processes.  
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• Establishment of buffer zones along the coastal and estuarine wetlands so as to demarcate, 

maintain and support ecological functions and integrity of coastal wetlands. 

• Restoration of degraded mangroves in Makupa creek by either natural or artificial regeneration 

in order to allow and promote natural sequestration of conservative pollutants like heavy metals 

and also to allow proliferation of organic decomposing bacteria that promotes degradation of oil 

persisting in sediments from occasional oil spills in the creek from routine operations and 

accidental spills. 

• Restrict seaward conversion of Makupa creek and other coastal wetland from human 

settlement and industrial development since this affects the shoreline dynamics and 

hydrodynamics of this system by encouraging erosion and export of conservative pollutants 

from one location of the creek to the other.  

• Enforcement of environmental regulations and formulation of a policy to guide exploitation and 

conservation so as to ensure sustainable management and development of coastal wetlands. 
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APPENDICES 
 

APPENDIX 1: MAP OF STUDY AREA 
 

 

Figure 4: Plate of Mombasa Island and amplified image of Makupa creek (Study area) 
 

 

Figure 5: A plate showing Gazi Bay and an amplified image of Gazi control site 
 

 

 

Table 1 Mean concentration ±S.D in ppb of Cd, Cu Mn, Zn and Pb in pore-water from sections 
of core samples from Gazi and Makupa creek sewage, backwater and dumpsite stations 
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Table 2 Mean concentration (±S.D), in µg/g of Cd, Cu Mn, Zn and Pb in sediment from sections 
of sediment core samples from Gazi and Makupa creek sewage, backwater and dumpsite stations 
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0‐3cm  3‐6cm  6‐9cm  9‐12cm  12‐15cm 

Cd ppb  Gazi   1.53±0.22  a  1.592±0.951  a  1.602±0.301  a 
Makupa 1   0.59±0.09  b  0.569±0.439  a  0.245±0.0094  a  0.211±0.104  a  0.442±0.296  c 
Makupa 2  0.096±0.001  d  0.0203±0.041  a  1.778±0.72  a  2.956±4.111  a  2.863±4.18  a 
Makupa 3  0.18±0.01  c  0.46±0.00007  a  0.988±0.66  a  0.482±0.0859  a  1.739±0.177  b 

Cu ppb  Gazi   76.597±40.14  a  30.018±11.029  b  85.847±61.15  a 
Makupa 1  85.94±26.72  a  45.30625±3.23  a  33.568±14.38  b  26.82325±6.681  a  51.228±25.078  a 

Makupa 2  19.811±2.43  b  52.26±2.3  a  30.237±0.876  b  59.7205±5.247  a  48.80975±5.479  a 
Makupa 3  13.529±0.32  b  9.3765±0.194  c  23.07±9.457  b  219.605±212.898 a  35.27925±2.024  a 

Fe ppm  Gazi   3.369±0.52  b  5.35±0.765  a  6.585±0.704  a 
Makupa 1  8.104±1.62  a  5.233±1.445  a  2.581±0.168  b  3.739258±4.86  b  4.44108±1.323  a 
Makupa 2  4.914±0.11  b  2.128±0.11  b  5.839±0.721  a  8.390457±1.013  a  9.61331575±2.499  a 
Makupa 3  3.795±0.23  b  2.783642±0.374  b  8.344±3.825  a  9.804708±1.798  a  6.41496675±1.63  a 

Mn ppb  Gazi   71.46±0.67  d  50.497±7.565  b  59.359±13.338  b 
Makupa 1  459.331±27.32  a  267.4±95.743  a  156.489±23.95  a  136.783±19.76  a  116.888±0.147  b 
Makupa 2  258.657±23.18  c  111.775±17.5  b  146.52±33.44  a  92.896±9.86  b  147.063±22.302  a 
Makupa 3  283.846±9.69  b  103.928±0.712  b  143.753±18.55  a  146.758±4.67  a  73.473±71.03  b 

Pb ppb  Gazi   7.745±0.52  a  9.425±0.336  a  12.513±2.9  b 
Makupa 1  13.877±9.27  a  8.671±0.55  b  7.34±4.27  b  7.251±2.065  b  10.53±4.592  b 
Makupa 2  32.13±0.111  a  8.951±4.32  b  20.19±2.26  a  15.305±3.027  a  31.491±5.565  a 
Makupa 3  7.742±2.9  a  1.656±2.113  c  8.482±3,511  b  7.387±6.624  b  24.785±6.31  a 

Zn ppb  Gazi   4.45±1.006  a  1.156±0.165  a  1.954±0.104  a 
Makupa 1  540.49±49.82  b  500.03±91.7  b  895.893±335.64  b  425.868±26.917  a  228.191±5.669  b 
Makupa 2  333.17±27.08  b  507.323±155.5  b  349.153±23.13  c  500.713±49.921  a  976.708±332.982  a 
Makupa 3  267.435±61.95  b  205.895±46.263  c  336.275±19.05  c  446.57±101.071  a  1116.038±307.629  a 
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Sediments 

 
0‐3cm  3‐6cm  6‐9cm  9‐12cm  12‐15cm 

Cd  Gazi   0.252±0.04  d 0.511±0.15  c  0.48±0.33  d 0.248±0.03  d 0.87432±0.41  c 
Makupa 1   1.414±0.14  c  0.871±0.4  c  1.156±0.17  b 1.199±0.2  c  1.23167±0.24  b 
Makupa 2   2.5498±0.29  b 2.204±0.29  b 2.683±0.17  b 2.698±0.07  b 2.94145±0.06  a 
Makupa 3  3.422±0.08  a  3.28±.08  a  3.203±0.13  a  3.860±0.33  a  3.28785±0.09  a 

Fe  Gazi   778.791±109.5  d 693.42±232.0  d 488.003±63.79  d 589.963±34.57  d 534.0525±199.91 d 
Makupa 1   10470.98±1357.37 c  8439.01±655.01  c  9105.49±1712.31  c  8718.553±1700.66 c  9811.9075±2070. c 
Makupa 2   19189.38±2043.34 b 17360.63±2677.7 b 20204.38±1325.67 b 21940.25±1068.49 b 23102.25±547.76 b 
Makupa 3   27736.63±1208.16 a  28523.63±714.42 a  27499.38±303.89  a  32149.13±1777.78 a  28875.25±513.81 a 

Cu  Gazi   5.460±0.83  a  12.395±2.68  d 5.052±0.35  d 7.397±0.87  c  6.267725±2.53  d 
Makupa 1   41.397±5.1  a  22.889±8.46  c  31.306±6.19  c  47.45±16.09  b 37.573±9.87  c 
Makupa 2   61.46±3.97  a  44.63±0.63  b 65.099±0.71  a  65.826±2.9  a  75.5865±1.82  a 
Makupa 3   69.200±1.2  a  56.742±1.70  a  46.44±0.86  b 59.956±4.68  a  56.91425±5.3  b 

Zn  Gazi   8.261±1.52  d 8.630±1.33  c  7.22±1.72  d 5.0094±0.67  d 9.27165±0.3  d 
Makupa 1   174.495±25.22  c  183.893±17.94  b 167.395±30.07  c  173.818±2.92  c  128.9075±25.07  c 
Makupa 2   319.905±34.16  b 275.673±36.43  a  354.82±19.42  a  373.230±1.46  a  399.5125±9.90  a 
Makupa 3   357.330±16.57  a  281.045±5.19  a  239.368±5.79  b 289.44±18.71  b 245.7215±10.0  b 

Mn  Gazi   3.267±0.11  d 3.71±0.95  c  2.762±0.32  d 2.98±0.11  c  2.737775±0.24  d 
Makupa 1   54.911±5.09  c  49.311±0.69  b 46.629±6.66  c  49.471±2.66  b 53.23175±7.89  c 
Makupa 2   102.491±10.72  b 92.272±10.36  a  115.98±5.75  a  125.78±4.98  a  128.2958±0.41  a 
Makupa 3   119.756±1.03  a  99.859±1.51  a  98.508±2.26  b 117.63±1o.42  a  103.01±1.42  b 

Pb  Gazi   0±0  c  2.91±0.41  c  8.596±17.19  c  0.2089±0.42  d 16.802±0.30  c 
Makupa 1   31.478±3.95  b 20.95±12.98  b 31.219±6.3  b 29.36±5.2  c  29.88125±5.28  b 
Makupa 2   56.966±7.49  a  36.044±3.29  a  58.618±4.4  a  60.15±1.38  a  66.60925±5.17  a 
Makupa 3   54.547±3.87  a  37.632±0.47  a  29.898±0.98  b 38.779±2.87  b 27.6355±5.12  b 
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   No of species  d'  J'  Es 50 H' 
1‐

lambda Cu μg/g Fe μg/g Cd μg/g  Mn μg/g Pb μg/g Zn μg/g Feppm 
Cu 
ppb 

Cd 
ppb 

Mn  
ppb 

Pb  
ppb 

Zn 
ppb  

No of 
species  1 
d'  0.76  1.00 
J'  ‐ 0.24 0.27  1.00 
Es 50  0.82  0.84  0.19  1.00
H'  0.40  0.71  0.75  0.78 1.00
1‐lambda  0.12  0.57  0.91  0.54 0.94 1.00
Cu μg/g  0.01  0.21   ‐0.13 ‐0.01 ‐0.12 ‐0.07 1.00
Fe μg/g  0.09  0.33  ‐0.11  0.12 ‐0.03 ‐0.06 0.90 1.00
Cd μg/g  0.07  0.31  ‐0.07  0.09 ‐0.01 ‐0.02 0.93 0.99 1.00 
Mn μg/g  ‐    0.08  0.16 ‐0.15 ‐0.10 ‐0.20 ‐0.15 0.97 0.95 0.95  1.00
Pb μg/g     ‐ 0.110.09  ‐0.12 ‐0.11 ‐0.18 ‐0.09 0.97 0.80 0.83  0.94 1.00
Zn μg/g     ‐ 0.090.11  ‐0.20 ‐0.15 ‐0.27 ‐0.20 0.97 0.89 0.89  0.99 0.97 1.00
Feppm   ‐0.10  0.22  0.49  0.13 0.40 0.50 ‐0.06 ‐0.05 ‐0.03  ‐0.08 ‐0.11 ‐0.13 1.00
Cu ppb         ‐ ‐0.220.07 ‐0.06 ‐0.20 ‐0.13 ‐0.08 ‐0.66 ‐0.71 ‐0.71 ‐0.66 ‐0.60 ‐0.64 0.28 1.00
Cd ppb  0.00  0.29  0.62  0.26 0.57 0.60 ‐0.34 ‐0.19 ‐0.18  ‐0.33 ‐0.45 ‐0.41 0.29 0.10 1.00
Mn  ppb  0.21  0.17  ‐0.34  0.12 ‐0.17 ‐0.17 0.42 0.23 0.21  0.33 0.46 0.40 0.35 0.09 ‐0.55 1.00 
Pb  ppb     ‐ ‐0.15 0.25 0.22 ‐0.15 0.06 0.21 0.29 ‐0.01 0.06  0.21 0.42 0.26 0.36 0.07 ‐0.33 0.40  1.00 

Zn ppb   ‐0.33     ‐0.20 ‐0.17 ‐0.27 ‐0.36 ‐0.26 0.33 0.22 0.17  0.34 0.45 0.42 ‐0.15
‐

0.12 ‐0.64 0.48  0.13  1.00 
 

Pearson correlation coefficient’s for benthic macro-invertebrates diversity indices, Mn, Fe, Cu, Cd, Pb and Zn. 
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