CHAPTER ONE
INTRODUCTION

1.1 Background to the Study

Lagos lagoon is reported to be usually impacted by anthropogenic activities compared to the
other seven lagoons in Nigeria(Edokpayi and Olowoporoku, 2010).According to these authorsthe
effect of contamination observed in Lagos Lagoon is probably due to population density and
incessant deposits of waste in the lagoon. Ajao and Fagade (1990), also reported that Lagos
Lagoon serves as a sink for untreated waste while Kamaldeen and Wahab (2011), affirmed the
presence of indiscriminate disposal of waste in the lagoon.

Lagos metropolis have been reported to account for larger percentageof industries in Nigeria
(Akinsanya, 2003 and Oketola and Osibanjo, 2009a) and most of these industries discharge
untreated effluent directly or indirectly through drainages and canals into the Lagos lagoon
complex thereby polluting the nursery ground of both fin-fishes and crustaceans (Oyewo, 1998
and Adebayo et al., 2007). Documentations from several authors give the daily disposal of
effluent into the lagoon to be about 10,000m3. (Oyewo, 1998 and Oketola, and Osibanjo, 2009b).
Other sources of pollution in Lagos lagoon are hydrocarbons from oil pollution (Ekundayo,
1977), untreated faecal waste (Akinsanya, 2003 and Kamaldeen and Wahab,2011), Sewage and
disposal of saw dust (wood waste) from sawmill industry situated at the fringes of the lagoon
(Ekundayo, 1977; Nwankwoet al., 1994; Nwankwo, 1998. Akpata, 2002; Dosunmu and Ajayi,
2002 andKamaldeen and Wahab,2011), and industrial effluent (Oyewo, 1998 and Oketola, and
Osibanjo, 2009b). Furthermore, the pollution status of Lagos lagoon has also been greatly
influenced by influx from other surrounding fluvial inputs into the lagoon area(Nkono et al.,
1999 and Beattie, 2005).

Fish, shell fish, benthic organisms and other living resources have been affected by the pollution
status andused greatly by toxicologist for biomonitoring studies. Majority of the coastal dwellers
consumed shell fish including crab for food as a sources of protein, therefore crab state othealth
is vital to public health.Several studies on pollution status in aquatic environments have been
monitored using bottom dwelling organisms (Adebayo et al., 2007).

Benthic fauna are incorporators of pollutants because they are relatively sedentary and are

therefore useful in monitoring and assessing the overall health of the aquatic environment. They



are also used for long-term monitoring of anthropogenic impacts (Simboura et al, 1995 and
Nkwoji, 2017).

Various authors have documentedimpact of effluent discharge on the ecology; population,
relative occurence, and distribution of sessile and benthic fauna in Lagos lagoon (Nwankwo and
Akinsoji, 1989, Nwankwo et al., 1994; Nwankwo, 1998; Akpata, 2002; Nkwoji et al., 2010 and
Nkwoji, 2017). However, there is need for consistent environmental monitoring in the Lagos
lagoon for proper time specific pollution assessment and its impact on aquatic living resources as
mitigation measures as well as for management purpose.

There has been regular monitoring of physicochemical qualities of surface-waterincluding
temperature, salt concentration and amount of dissolved oxygen, nutrients, heavy metals among
others, only recently were biological parameter considered to be relevant to ecological studies.
Lam and Gray (2003) reported that sediment analysis include quantitative grab samples
andthephysico-chemical measurements of sediment including grain size distributions, organic
matters and pollutants. However, results of sediment analyses only provide information on the
level of contamination but not on the effects on biological systems. This is because the sediment
grain size or texture has affinity for heavy metals especially when is less than 0.063mm.

The presence of a particularpollutants in the environment based on the result ofchemical
analyses, does not show that the pollutants bio-accumulate in biological system and conclusions
on the pollutanteffects on the system cannot be made. In addition, biological systems are often
exposed to mixtures of contaminantswhich may be chemicals that exist in different forms with
different bioavailability and toxicity while others may interact additively, antagonistically or
synergistically.It is however important to investigate different biological responses to ubiquitous
but harmful chemicals in the environment in order to conserve diversity and protect natural
ecosystems. This realization has resulted in a shift from contaminant monitoring that is chemical
based, to effect monitoring which is biological-based (Lam and Gray, 2003).

The biological monitoring is based on different physiological, biochemical, behavioural and
morphological features in organisms and ecological community attributes such as abundance and
diversity.

Knowledge and understanding of the harmful effects of these chemicals on aquatic living
resources are vital. This information will aid to narrowing down point-sources of contaminants,
arm regulatory agencies with relevant information for enforcement and management strategies,

to safeguard against extereme risks to biodiversity. The pathway of pollutants in the environment



seldom involves chemical reaction where the pollutants bind with lipids and protein of most
organism in the aquatic environment. Thisgeneration of Reactive Oxygen Species (ROS)can
cause damage to cellular molecules which portends negative implications for the affected
organism including oxidative stress. The physiological mechanisms of many aquatic organisms,
in the breakdown and metabolism of these contaminants into resultant byproducts, show a strong
evolutionary overlap with those identified in humans (Carney, 2008). In most aquatic organisms,
various endpoints have been utilized to determine the biological responses due to xenobiotics as
express in the oxidative stress formed.

The use of biomarkers by ecotoxicologist as biological monitoring of pollution or contaminant in
an aquatic environment often reflect effect of these pollutants or contaminants in many aquatic
dwellers and has been widely used as a bio-indicator of pollution(Lam and Gray, 2003).
However, this study is designed to examine and quantify oxidative stress via antioxidant
biomarkers in selected tissues of the blue crab(Callinectes amnicola) due to their exposure

todomestic, faecal and saw-mill waste pollution in Lagos lagoon.

1.2 Research problem and hypotheses

The Lagos lagoon,while serving as a receptacle for pollution, also serves as an ecosystem for a
vast diversity of aquatic organisms. Regular disposal of untreated waste(domestic, sewage, saw-
mill, industrial effluent, oil pollution and so on) in the Lagos lagoon has contributed immensely
to decline in species richness and distribution of aquatic organism(Akinsanya, 2003 and
Kamaldeen and Wahab,2011).

At the cellular level, the effects of pollution may result in detoxification and compensation, at
organism level effects of pollution may result in reduced growth and reproduction, in the same
vein, at the community level, negative effect of pollution can cause loss of abundance and
distribution of a species with evident low diversity and depauperate community.At population
level, the effect of pollutionareloss of indicator sentinel species which cause restricted gene pool
and loss of genotype (Wright and Welbourne 2002).

Hence hypotheses are highlighted as follow:

. Biochemical indices are better indicators of pollution-related stress in invertebrates than

routine monitoring of physical and chemical indices.



. Population of Callinectes amnicola at marginal locations of Lagos lagoon are at greater
risk as a result of waste disposal into the lagoon than populations from further away into
the mid-lagoon regions with less pollution.

. Biomarkers of oxidative stress are effective and reliable indices for heavy metal

exposure.

1.3 Justificationfor theStudy

The involvement of fish, shell fish and other sea food in daily intake of organic pollutant, heavy
metals and other xenobiotic from aquatic environment in some developing country are
enormous, and calls for regular monitoring of contaminant in the living resources ofwater
bodies.Most of these pollutants are lipophilic and penetrate biological membranes easily. They
accumulate in the organisms and the pathway of pollution in food chain has negative effect on
man and animal health through bio-magnification. Biotransformation of some pollutants in
animals and humans results in unstable intermediates that affect DNA, RNA and protein, hence,
cell toxicity and carcinogenesis which eventually lead to diseases or cell death. (Adeniyi and
Yusuf, 2007).

Therefore, reducing pollution in Lagos lagoon would require adequatemethods for monitoring
and evaluation of the environmental effect of pollutants. This could also prove to be vital to

public health.

The present study has the following significance: First, the study will invariably aid the
maintenance of shellfish population of the Lagos lagoon and coastal waters by providing
information on the status of heavy metal concentrations in the aquatic water bodies; Second, the
findings will also assist regulatory bodies like National Environmental Standard and Regulations
Enforcement Agency (NESREA) and National Agency for Food and Drug Administration and
Control (NAFDAC) to review the existing effluents standards and surface-water quality
guidelines for the protection of resident biota in Lagos Lagoon and other similar bodies of
water.
1.4 Aim and specific objectives of the study
The aim of this study is to measure heavy metals burden in water and sediment of the
Lagos Lagoon and oxidative stress responses in the blue crab,Callinectes amnicola

fromthe Lagos lagoon, with the following specific objectives:



To determine the quality parameters of surface water at the sampling stations.

To investigate the heavy metals concentration in surface water, sediment and selected
blue crab organs.

To determine the oxidative stress parameters; superoxide dismutase(SOD), catalase
(CAT), glutathione peroxidase (GPx), reduced glutathione (GSH) and lipid peroxidation
(MDA)levels in hepatopancreas, gill, gonad and muscle of Callinectes amnicola..

To examine the histopathology of the blue crab organs.



CHAPTER TWO
LITERATURE REVIEW

2.1 Pollution Status of Lagos Lagoon

Pollution is disposal of untreated waste materials into the natural environment which can cause a
negative effect. (Merriam-webster.com, 2010). Pollution constituents can be natural or chemical
based substances or energy, such as water, air, noise and light. Water pollutants are grouped
based on the source, either point or diffuse sources. Point-sources could be direct or distinct,
including intentional or accidental spills from industrial sites that channel into aquatic
environment e.g marine, brackish and rivers. Non-point sources are indirect, diffused and
occasional influenced by factors like climate, vegetations, hydrology and topography. We have
urban and rural non-point sources, the examples are run-off from fields or streets which contains
different pollutants including heavy metals, chemicals and sediments; other examples are
pollutants related to agricultural activities, mining and mineral exploration or forestry
respectively.Diffuse sources of pollutants pose serious challenges for monitoring and mitigation
(Akinsanya, 2003).

The indirect and direct discharge of anthropogenic waste such as domestic, sewage, saw mill, industrial
waste and so on is attributed to Lagos lagoon(Kamaldeen and Wahab,2011). However, fluvial influx
empty into the Lagoon from different inland sources and networks. The aquatic organisms and non-
living resources are sink of most of these pollutants including house-hold and domestic sewage,
industrial wastewater discharges, sawdust and particulate wood and pulp matter, petroleum hydrocarbon,
cooling water from a power station and emissions from automobile exhaust. Organic waste, trace heavy
metals and chlorinated hydrocarbon are micro pollutants examined in water, sediment and
biota.(Akinsanya,2003; Oketola, and Osibanjo, 2009a). The different sections of the Lagos lagoon system
are characterized by different types of pollutants ranging from oils and greases, heavy metals, organic

biodegradation, cooling water and so on emanating from various sources(Table 1), according to Ajao

(1990) and Oyewo, (2009).



Table 1: Sources and Pollutants in Lagos Lagoon

Establishments Sources of Pollution Pollutants Types
(Polluter)
Atlas Cove Tank farm for refined petroleum Oil and grease
products
LagosWharf Shipping lane, regularly dredge Oil and grease, various

spillages and ship garbage
Lever brothers Detergents(sulphonated) soaps, Oil and grease,  sulphonated
margarine etc.(partial treatment of  detergents, caustic soda from

wastes in a factory located plant) washing. Cooling water

Bordpak Packaging plant Mainly organic matter pollutant
Naval Western Command Navy Oil spillages Oil and grease

National oil and Agip Depot ~ Refined petrol /Gasoline diesel oil ~ Oil and grease

Fisheries Service Fish trash, diesel oil trawler Oil and grease, fish trash,
Company(FISESCO) garbage organic pollutants,
biodegradable.
Good Morning Towel plant Garment manufacturing plant Organic pollutants
(NITOL) biodegradable
Nig. Breweries Iganmu Malt fermentation, spillages spent ~ Organic pollutants
brew Printing, dyeing and gray biodegradable
Finishing plant Organic pollutants-
.y . ) Heavy metals Cr, Cu,
Afriprint Textile mill 7n, Fe, Sn etc.
Coloration (Dyes)

Organic matter(starch
some and grease from
diesel plant).



PHCN Egbin Electric power generating Cooling H,O (high temp)

plant
Iddo/ijora Municipal Major domestic sewage Biodegradable, organic matter
Sewage Dump discharges

Iddo market garbage input Miscellaneous organic wastes Biodegradable organic waste.

etc
Ikoyi Park Land reclamation or sand Sedimentation and flocculation
filling.
Okobaba sawmill industry Logging, sawdust input Biodegradable, organic matter
Eko bridge, Carter bridge Major traffic artery between  Toxic heavy metal, poisonous
and 3" mainland bridge Lagos island and the fumes from automobile exhausts
mainland e.g Lead in gasoline, carbon

monoxide and carbon.

Source: (Ajao,1996 ; Oyewoet al.,2009).



2.2 Sources of water pollution

Water pollutants originate from two major sources; namely; natural sources, and
anthropogenic sources and they may be from a point source or a dispersed source.
Point sources are domestic, municipal and sewer discharge, power generation plants and
industrial waste discharge. Some of these, such as breweries, slaughter houses and sanitary
operations, paper mills and wastewater treatment plants contribute major quantities of oxygen-
demanding substances. These substances can deplete Dissolved Oxygen (DO) and create
anaerobic conditions in water bodies. Suspended particulate matter also contributes to oxygen
depletion in water bodies by blocking penetration of sunlight and interfering with photosynthesis
activities. This results modulates Biochemical Oxygen Demand (BOD) and Chemical Oxygen
Demand (COD). Compoundscontainingnitrogenous and phosphorous rich matter(nutrients) can
promote accelerated eutrophication of water bodies. Heatis a universal pollutant, as it drastically
alters the ecology of water bodies by lowering the amount of DO in water; thus accentuating the
oxygen deficiency for aquatic organisms.Non-Point sources are storm drainages, and operations
involving agricultural, timber and forest product operations.
2.2.1 Natural sources of pollution
These include volcanic activity, earthquakes, landslides, streams runoff, dissolved minerals,
aquatic growth and decay, are metrological and geographical.
Radioactive substances and heat are also natural sources of water pollutants.
2.2.2 Anthropogenic Sources
Anthropogenic sources are domestic, municipal sewage and other sanitary waste discharges,
agricultural and industrial waste (both liquid and gaseous), mining waste and leachates and waste

products from other human related activities.

2.2.2.1 Domestic Waste: This means any non-perishable waste, consisting of combustible
materials, such as paper, cardboard, nylon, wood, or similar materials generated in a living
house. It is also called household waste. Large no ofwaste generated in Lagos City, is as a result
of many situated households. However, efforts by agencies and inter-ministerial departmentsin
Lagos state have achieved about 60% proper management(Kamaldeen and Wahab, 2011).United
Nations Educational, Scientific and Cultural Organization(UNESCO), 2000 andAwosika et al.,
2000, reported the negative effect of improperly managed wastes which plague the aquatic

environment in notable urban environments. Direct disposal of unprocessed domestic-waste



including kitchen-waste, and loads of faecal matter into the Lagos lagoon environment could
pose a threat to the aquatic ecosystem (Table 2). These threats include increase in the
microbialload, concentration of organic material, soil contamination within aquatic ecosystems
(Oyelola and Babatunde, 2008). A number of reports (Harold, 1997 and Nubi et al., 2008) have
attributedloss of diversityclarity of surface water to incidencesoflarge number of undissolved
solids and phytoplankton bloom. The high microbial load on aquatic organisms is a consequence
that makes them to be susceptible to various diseases at high densities. Incidences of nutrient
enrichment and the resultant bloom in plant biota (e.g. water hyacinth plant (Eichorrnia
crassipes) have been documented for lagoon environments (Kamaldeen and Wahab,2011).
2.2.2.2Municipal Waste: This is a combination of household, industrialand commercial waste
which include Municipal solid wastes (MSW), municipal effluent or sewage, and bio-solids from
wastewater treatment. Landfill gas generated from waste disposed in landfills and biogas from
wastewater treatment is also included in municipal waste. These materials include construction
and demolition, wood residue, paper and cardboard, grass, landscape tree removals, other green
waste, food waste (for example, meat and vegetable scraps) and other organics. Putrescibles isan
alternate term commonly used to describe the garbage faction. The uses of landfills are stated
below as reported by Kidder, (2002), wastes are disposed in landfills, the mass-burn incineration
facilities, landfill gas is used for heat and power generation as well as being upgraded to pipeline
quality, it is also being used as transportation fuel. Diverted wastes are used for compost,
recycling, and energy.

2.2.2.3Saw-mill Waste: Saw-mills generate a lot of saw dust as waste naturally, wood cut-off,
wood chippings, and waste wood parts. Often times, the proper disposal methods are not
followed and when these wastes are incinerated by open-burning around the lagoons shores.
Following the increased demand for wood and wood-products, there is a commensurate spike in
the volume of wastes produced and discharged. As such sawmill wastes constitute a major waste

management challenge (Dosunmu and Ajayi, 2002).

Table 2: Sources of Domestic waste and its Pollutants Threats posed to organisms



Source Pollutants Threats to organism  References

Organised urban Caustic soda, Reduced dissolved FEPA, 1992;
settlements, schools, detergents, oxygen in surface Ajao, 1996;
hostel facilities, kitchen wastes, water and, increased  Nubi et al.,2008.

domestic garbage and  household rubbish, Biological Oxygen
medical utility wastes  organic pollutants, Demand (BOD).
etc biodegradables,

solid wastes.

Domestic sewage Unpleasant Akpata, 1975;

(faeces and urine) odour, bacterial and Ajao, 1990 ;
fungal growth, Kamaldeen and
nutrient enrichment, Wahab,2011

microbial load

contamination

Dosunmu and Ajayi, (2002) documenting anthropogenic effects of a sawmill industries located

at Okobaba area adjacent to the Lagos lagoon environment, highlighted it as a major contributor



of organic wastes into the lagoon. Further reports (Akpata (1980); Dosunmu and Ajayi, 2002)
demonstrated that wood wastes and floated logs stored on surface water for prolonged and
sometimes indefinite durations also impact surface water quality. Negative effects include
reduced dissolved oxygen content, and deterioration of water odour and clarity.

Sawdust, which is the waste product from sawing wood, is dumped into the Lagos lagoon. The
effects of this organic load on the Lagoon system have been documented by Akpata (1980) and
Dosunmu and Ajayi (2002).
2.2.2.4 Faecal/Sewage Waste: Excreta constitutes largely solid and liquid waste discharge from
humans and animals. It is characterized by enteric microbes that could constitute health hazards
to humans and livestock. Elsewhere it has been documented that the socio-economic importance
and ecological role of the Lagos Lagoon (Laleyé and Moreau, 2005). Others categorized the fish
resources in the lagoons into; (a) littoral euryhaline organisms that isorganism with seasonally or
circumstantial occurrence (b) estuarine species that is which occur mostly in mixo-haline
environments and (c) inland water species which are thosefound during rainy season when
salinity in the lagoon is diluted and accommodating for fresh water species.

Various reports have documented notable cases of direct input of waste water and industrial
effluent in to the Lagos lagoon (Ajayi and Akonai, 2005). Damage to human health is highest
rated out of all the negative effect of urban environmental degradation (Obire and Aguda,
2002;Adelegan, 2004). Infectious diseases was rated 33% in 1995, which cause world wide
deaths of about 17.3 million.

World Health Organisation, (2007) documented a direct relationship between large-scale urban
development projects and degeneration of environmental quality which inturn impacts public
health. Hygiene related microbes can also be transmitted through waste or poor waste
management practices (Kamaldeen and Wahab(2011). According to Akpata (2002) nothing less
than 30 million litres of faeces was released into the lagoon environment in 1973.

Others confirmed from recent studies such trend is still in practice with more than 27,000 tons of
suspended solids and about 2,000 tons ofdecomposing matter are introduced into coastal lagoons
annually (Rufus, 2006). The trend is largely unchanged and unabated with loads of liquid and
solid waste intermittently released into fishing grounds and waters proximal to domestic
settlements. Baarschers (1996) andNebel and Wright (2002) documented sewage releases into
surface water while Miller (2000) documented similar incidences in many developing countries

and some developed countries. The unhygienic disposal of faecal matter into the canals and



lagoons result in the emergence of enteric organisms into aquatic environment. Numerous
appearances of enteric organisms in aquatic environment indicate recent contamination by raw
sewage. Reports by Akpata and Ekundayo (1978) confirm deteriorated water quality including
decreased concentration of oxygen and poor transparency following discharge of faecal matter
into surface water.

Such incidences and practices increase the likelihood for humans living in coastal areas to have
direct contact with dangerous microbes via drinking water and contaminated seas food. The fish
in the lagoon might have been contaminated because of untreated chemical disposed therein and
these made fish consumers prone to risk ofillness (Raufu 2006). Abulude et al, (2006) reported
that benthic species like crustaceans may habour toxic materials in aquatic environment with

imminent risks to end users and consumers.

2.2.2.5 Industrial waste: The different waste content from industries and pollutants present is a
factor of industry-specific waste types. A number of these various types and likely risks or
impact on aquatic species are given in Table3.The negative effect of industrial effluent and the
resultant pollutants in aquatic environment reported by UNESCO (2000), are highlighted; The
improper handling of both household and industrial waste including toxic ones has resulted into

soil and ground water pollution.

2.2.2.6 Hospital Waste: These are waste generated and disposed in the hospital. It may be waste
generated in diagnosis, treatment, or immunization of human beings or animals or in research
studies carried out in hospitals.



Table 3:

resident biota

Industry-specific waste varieties in Lagos State and their potential risks to

Source PollutantsThreats to aquatic organisms References

INDUSTRIAL-
FACILTY WASTE e.g.
Dumex Industry (Nig)
Ltd, Vitamalt Plc

PAPER-MAKING
INDUSTRIES

SOAP-MAKING
FACILITIES

PLASTIC-MAKING
INDUSTRIES

FOOD AND
BEVERAGE MAKING
FACILITIES

CHEMICAL
INDUSTRIES

PHARMACEUTICALS

Decomposable
pollutant, alcoholic,
Brewery waste,
biodegradable, Zn, Pb

Inorganic salts

Caustic and organic
pollutants.
Biodegradable
detergents. Thermal
pollution from process
water.

Heavy metals including
lead.

Organic compounds and
Decomposable food
materials. Rise in
surface water
temperature may impact
oxygen uptake in fish.

Caustic waste water and
halogen radicals.

Caustic waste water,

Significantly lowered dissolved
oxygen, eutrophication, clogging
of fish gills by pollutants

Moderately toxic. Elevated metal
levels in environment and biota
matrices.

High turbidity of surface water due
to onset of eutrophication.

Increases the temperature and
bioaccumulation of metals often
result.

Eutrophication, gill clogging,
lowered oxygen content of surface
water

Low dissolved oxygen, lowered
surface water temperature

Direct erosion of exposed tissue

Ajao, 1990
Adebayo et
al.,2007.

Ajao, 1996
Adeleye et
al,2011

FEPA, 1992
Adeleye,
2011.

FEPA, 1992

FEPA, 1992

FEPA, 1992

FEPA, 1992

FEPA, 1992



METAL-WORKS
FACILITIES

WOOD-WORK AND
SAW-MILLING
FACILITIES

Artisanal sand mining
and mechanized
dredging

High alkenes, alkyne
content from oily
discharge

disposal, harbor a
ccidental spills)

Complex mixtures from

large scale industrial
facilities

Thermal/ heat pollution

halogen radicals and
trace metal

Acids, alkali, fluoride,
inorganic salt, cyanide,

Decomposable plant
parts

Increased siltation with
highly turbid appearance
of surface water

Oily pollutants and
grease

Pollutants, hot-water
releases into surface
water, variety of
bioavailable xenobiotics

Waste heat from cooling
machinery

e.g. fish gills

Direct physiological toxicity and
increase biological oxygen

demand.

Increased BOD due to

biodegradable material, fungal and
microbe proliferation due to

organic substrate.

Habitat disruption, modification
and patch fragmentation

Moldering of aquatic organisms
including birds and furred animals

Akpata, 1980
Dosunmu and
Ajayi, 2002

Ajao 1990

Okoye,
1991,Ajao0,
1990,

Ladigbolu et
al., 2011

Adeleye et
al., 2011,

Ajao, 1990
Akinsanya,
2003




Classification of hospital wastes according to Salih and Aljabre (2002) are as follow:

o Pathological waste: wastes of hospital origin largely made up of excised tissue,
amputated parts and infectious fluid and body parts. It is a highly category of hazardous
waste.

o Infectious waste: This is hazardous because these contain disease agents or microbes in
tangible quantities that could initiate inferior with a previously uninfected body. These
include discarded material from tissue culture and infectious wastes from laboratories, as
well as from surgeries of infected patients.

o Sharps: This refers to disposable materials and tools with sharp ends that could
accidentally injure the handler and cause accidental infection.

o Pharmaceutical waste: This includes drug-related products and chemicals discarded due
to expiry or accidentally spilled.

o Chemical waste: This comprises discarded solid, liquid and gaseous chemicals such as
cleaning, house keeping, and disinfecting products.

o Radioactive waste: This is listed as wastes either in solid, liquid, or gaseous state with
radioactive properties. Most of them are of hospital origin.

2.2.2.7Agricultural Sources: Agricultural wastes generally, consist of organic products.

Fertilizers and other chemicals are spread over agricultural lands. These materials and

agricultural animal wastes enter water bodies, mainly in run-off from watershed lands, and cause

pollution. The inflow of manure from livestock feed lots also adds to organic pollutants. Most
pesticides, fungicides, herbicides and other industrial chemicals are highly toxic and are

carcinogenic and mutagenic (Adeleye et al., 2011).

2.2.2.8 Mining Wastes: Mining, milling, dressing and processing of ores give rise to dust, ore and

metal discards as well as large quantities of effluents, which are discharged into streams, ponds

and lakes. They not only increase sediments but also release toxic metals into the water sources.

Common trace metals found in sediment and mine effluents are Co, Cu, Fe, Hg, Man, Ni, Pb and

Zn. Cadmium being chemically similar to Zinc, replaces the latter in enzymes and thus affects

enzyme action of Zn containing proteins. Mercury as a heavy metals pollutant has been a source

of great concern. Lead occurs in water in Pb (II) state and is highly poisonous causing anemia,

central nervous system disorders, kidney and liver dysfunction (Dirk, 1993).



2.2.2.9 Local and Industrial Dredging: Dredging entailsexcavation of top soils and particulate
matter from benthic parts of aquatic environment. Dredging is also carried out to reduce the
exposure of living resources in water bodies and populationsto pollutants and to block the
transport of pollutants to other areas of the water body.

2.3 Water quality analysis

The quality of a water sample can be determined on the basis of physical, chemical, biological
and aesthetic points of view. Physical parameters are color, odor, turbidity, particulate matter and
conductivity. Chemical parameters that affect the quality of water are Hydrogen ion
concentration, DO, BOD, COD, dissolved substances, metals, and redo chemical reactants.
Industrial operations are the main sources of metallurgical and chemical pollutants. Biological
parameters that affect the water quality are the presence of algae, viruses, coliform, pathogens
and other vectors that are responsible for health hazards and diseases (Narayanan, 2011).

2.3.1 Physical Methods of Water Analysis

Organolepic properties of water are related to odour, taste and colour. Odour in water is a sign of
decaying organic matter. Contaminants that contribute to odour are generally volatile organic
compounds (aldehydes, ketones and phenols). Methods of determination of odour and taste are
qualitative and subjective.

Transparency of water is measured by the depth of penetration of light. This parameter depends
on coloring substances, turbidity due to suspended particles as well as metal ions and their
complexes. Turbidity is an optical phenomenon. It is the measure of attenuation of a beam of
light that passes through a non-absorbing medium. Turbidity in water is due to suspended
particulate matter such as clay, silt, coagulants, organic matter and photoplanktons.
Nephelometers and turbidimeters are used to determine turbidity. Generally, turbidimeters are
used to determine dense suspensions (Narayanan, 2011).

2.3.2 Chemical Methods of Water Analysis

Chemical parameters for determination of water quality are dissolved solutes, salinity, hardness,
Hydrogen ion concentration, DO, BOD, and COD. Water salinity is mainly due to dissolved salts
of sodium and potassium (NaCl and KCl). It can be determined by hygrometric and titrimetric
methods.

Acidity or alkalinity (pH) of water can be determined by potentiometric method ( pH meter).
Ion-selective electrodes (ISEs) can be used to determine ions and gases dissolved in water. Most

of the inorganic pollutants in water (nitrates, sulfates, chlorides, hydrated metal complexes) can



be determined by wet-chemical methods, monitored by spectrometry, or by biological methods.
Ion-Chromatography (IC) is a versatile technique that can be automated for environmental
pollution analysis.

The determination of organic pollutants in water can be done by monitoring DO, BOD and COD.
Respiratory methods can also be used to determine O, uptake of organisms.

2.3.3 Biological Methods of Water Analysis
Biological methods for assessing water quality rely on the estimation of biomass, coliform

bodies, micro-organisms and nutrients. Estimation of biomass includes determination of total
carbon, nitrogen, phosphorus, lipids, carbohydrates and benthal sediments. Sediments are usually
the most appropriate candidates for long-term monitoring of contaminants in aquatic systems.

Algal proliferation is a useful indicator of hydrospheric and atmospheric pollution. Measurement
of chlorophy II content is a suitable parameter for the evaluation of algal biomass. Chlorophyl 11
determination is carried out spectrophotometrically. Determination of photosynthesis is carried
out by measuring the absorption of Infrared Radiation (IR) of CO; in a non-dispersive analyzer.
Water pollution from domestic, food, beverage, and sewage, dairy and agricultural wastes

contains pathogens (bacteria, protozoan’s and viruses and disease carrying vectors).

24 Indicator organisms

Pollution occurrences in the aquatic environment have received special attention lately.
Biological monitoring tools have been utilizes have significant tools to pollution studies in
aquatic ecosystem. Several species of aquatic organisms utilized as biological indicators species
in aquatic ecotoxicological studies compared to others due to their merits and demerits in
practical biological monitoring of inorganic and organic pollutants. Presently there are general
biological monitoring method categorizes as biochemical alterations, bioaccumulation, surface
morphological and behavioral observation, population, community and ecosystem generally.
Biological monitoring applications have been proposed as an appraisal tools for establishing the
extent of contaminant release in surface water and sediment, prediction of toxicological
mechanisms. Additional view point on biological monitoring issues of organic and inorganic in

aquatic flora and fauna (Qunfang et al., 2008).

2.4.1 Fish



The fish biological features which include body architecture, survival cycle, easy of culture and
others, has made most ecologist or eco-toxicologist often time use it in the environmental bio-
monitoring of aquatic pollution. Furthermore, the position of fish species in the aquatic food
chain may have a direct effect on human health and this makes it very vital to bio-monitoring.
Odumuyiwa (2010) investigated the levels of Pb, Cod, Cu, Cr and Zn in two common edible fish
species (Solae sole and Pseudolithus spp) from Lagos Lagoon and Cocoa Lagoon of Lagos and
Delta States. The obtained results showed that the mean values of Cd and Cr in the fish samples
were higher than the tolerable levels. Generally, Solea solea showed higher levels of metal
concentrations than Pseudolithussop.

Metal incidence showed increased levels in samples sourced within the Lagos Lagoon in Lagos
state compared to values in samples from the Cocoa Lagoon in Delta state, probably due to
inclusion of more effluents from industrial, commercial and municipal discharges in Lagos state

and its environs as explained by Loweet al. (2003).

2.4.2Blue Crab(Callinectes amnicola)

Blue Crab are an in-shore, bottom-dwelling crustacean species, with a habitat range spanning the
downstream ebbs of lentil ecosystems, coastal flood plains. Blue crabs are swimming crabs and
this character makes it easy for transition across habitat terrains (Micheli and Peterson 1999;
Ryer et al., 1997). The colour of blue crab is brown or grayish are modified for habitat
adaptation to integrate with the scenery of its habitat. Their carapace color often changes in
relation to the surroundings of their habitat, in other words they have colormorphotypes (Hovel
and Lipcius, 2001).

Shellfish, for example; crabs, are incorporators of pollutants because they are relatively
sedentary, thus are important in monitoring and assessing the overall health of the aquatic
environment. Shellfish are also used for long-term monitoring of anthropogenic impacts

(Simboura et al., 1995 and Nkwoji, 2017).

2.4.3Bivalve mollusks

They are filter-feeding organisms, they bio-accumulate hazardous contaminants leading to
adverse population outcomes. A widespread monitoring programs founded on the concept of
indicator organisms has proven effective indiscerning contaminnat patterns. Features of mussels

that qualify it as a uninanimous sentinel of environmental health include: broad geographical



coverage, relatively higher abundance, sessile, accommodative of wide environmental
fluctuations, tolerance to extreme contmainant concentrations in the environment, high bio-
concentration-indexusable as a reference of aquatic food chain, tissue contaminants are little
metabolized and unchanged by metabolizing enzyme, wide and stable populations, life-span
favorable for ecological study, reasonable size, adaptive for laboratory studies and experimental

setups.

2.4.4Gastropod

Gastropod: a class of organisms which feed as filter feeder by enlargening their buoyancy. These
group of organisms have been identified as bio-accumulators of metals. Gulet al. (2004)
documented simulated experimental exposures of mud-snail (Cipangopaludina cahayensis)
which demonstrated features suitable as a bioindicator for metal bioavailability and toxicity.
Various gastropod species have however, demonstrated varied responses and capabilities for

uptake of metal compounds, Li, et al.(2009).

2.4.5Insects

Variety of insects inhabit the aquatic system and are useful for the biomonitoring of aquatic
metal pollution. Bonada et al (2006) reported that the recent developments in insect aquatic bio-
monitoring have led to the establishment of performance indices. These criteria have been
described as necessary for an ideal bio-monitoring tool. Han (2002) documented high, metal
uptake by 1. elegans from surface water. The lack of statistical difference among the contents of
heavy metal in male adult /. elegansfrom same sites at the same time, suggested that the
organism is an indicator for contamination of Cod in water system. The ability of cadmium
exposures to induce tissue concentrations of metallothionein-like protein has been taken as an
indication of insects to respond to metal toxicity in a measurable way. Elsewhere, Werner
(1999) documented modulated levels of stress proteins that is. hsp70, in species of caddisfly

following exposure to heavy metals in sediments.

2.5 Monitoring aquatic pollution
Biomarkers, either physiological modulations or biochemical responses to xenobioticuptake in

living tissue within the organisms, indicate habitat health status. Despite the increase cumulative



knowledge in this field, many xenobiotic-related physiological outcomesremain largely
misunderstood, resulting in uncertainties for regulatory decision makers. Zhou et al., (2008)

correlated fish health with pollutant concentration in the environment.

2.5.1 Chemical-based monitoring

The environmental monitoring of coastal environment in the past often times involve
measurement ofphysicochemical parameters and biological variables were rarely incorporated. In
the aquatic environment, the examples of routine physicochemical parameters measurement are
temperature of surface water, salt concentration, and dissolved oxygen levels, nutrient levels.
Sediment monitoring entails sampling sediment to exact and characterize benthic organisms.
Direct sediment parameters includecharacterisation of grain particles, organic matter content and
contaminants levels including heavy metals. Such analysis gave vital information on
concentration of contamination with the exception of the benthic organisms of sediments, which
did not give information on effects of the contaminants on biota.

The incidence of pollutants in water bodies has received greater attention. Some heavy metals
may transform into the persistent metallic compounds with high toxicity, which can be
bioaccumulated in the organisms, and magnified in the food chain, thus threatening human
health (Lopez et al., 2006). Several toxic effects including tetratogenic effects, procreation
failure, and immune modulations have been attributed to incidences of aquatic pollution(Wu et
al., 2003). According to Finkelman (2005), heavy metals in aquatic ecosystem occur naturally
through leaching from soil or rock to water, usually at low concentration, with no harmful
consequences for human and ecological health. The emergence of large-scale industrial
processes and integrated agricultural activities has significantly contributed to the unnatural

incidence of elements in the contemporary environment.

Incidences of heavy metal pollution in aquatic environments has often recorded
elevatedlevelsofmetal species in surface water, sediment, and tissues of resident organisms.
Anthropogenic effects have been implicated in incidences of aquatic pollution; the source of
effluent is mainly from manufacturing and raw material processing industries(Xu and Yang,
1996). Some heavy metals including Hg, Cr, Cd, Ni, Cu, Pb and so on, when introduced into
environmental water systems may lead to high toxicities in the aquatic organisms (Wu and Zhao,

2006). Intermittent reports on global pollution is unabated Nigeria inclusive. A typical



investigation documented the occurrence of Fe to be the highest, followed by Zn, Pb, then Cu
while levels of Cd was generally below 0.002 mg/Kg in all the stations studied. (Adeleyeet al.,
2011). Varied concentrations of various metal contaminates have been documented in areas on
the Lagos Lagoon and have been attributed to adjacent land use around the lagoon(Ajao,1996

and Nubiet al., 2008).

2.5.1.1 Contaminant sources for metal-pollutants into coastal areas

Cadmium (Cd)

Occurs in nature as oxides, sulfides, and carbonates in metal ores (Finkelman, 2005). It is very
similar to zinc and often associated with mineral deposits of Zn (Callender, 2003). Cadmium is
potentially toxic to living species particularly in its ionized state (Denton et al., 2001). Its main
sources include effluents from metal-work industries, urban domestic waste water(Denton et al.,
2001). In sediments, tendency for adsorption is determined by total organic matter content,
including humus and plant debris. Its strength of an adsoroption is strongly dependent on the clay
content and increases with pH, while its Sequestration from sediment into surface water is
influenced mainly by redox conditions and complexing agents in the water. Cadmium is less

mobile Under alkaline and saline conditions(Fergusson, 1990).

Chromium (Cr)

It is one of the most abundant heavy metals in the earth crust having an average concentration of
about 69ug/g, and moderate toxic capacities. Major sources within the coastal marine
environment include river discharge, point source discharge from industries and their dispersed
sources (Jerome ef al., 2016). Others include waste water runoff from electroplating, and metal
finishing industry (Callender, 2003; Finkelman, 2005). Its concentrations in marine sediments

range from 2.4 go/g at unpolluted sites to 749 go/g at grossly contaminated sites(Finkelman,

2005).

Copper (Cu)
Copper is a moderately abundant heavy metal with mean concentration in the lithosphere of
about 39ug/g. It is an essential trace element for the growth of most aquatic organisms. However

it becomes toxic to aquatic organisms at levels as low as 10ug/g (Callender, 2003). Heavily



polluted sediments have been reported to exceed 200 pg/g. Inputs of copper into the natural
waters come from various sources including mining, smelting, domestic and industrial
wastewaters, steam electrical production, incinerator emissions, and the dumping of sewage
sludge (Denton ef al, 2001). Algaecides and antifouling paints are identified as major
contributors of copper to harbor areas whereas coastal waters generally receiving input from

rivers and atmospheric sources (Denton ef al., 2001). Copper has a high affinity for clay mineral
fractions, especially those rich in coatings containing organic carbon and manganese oxides
(Callender, 2003). As a result, residues are often elevated in sediments near localized sources of

inputs (Denton et al.,1997).

Lead (Pb)

It occurs in various chemical complexes in the environment. Its inorganic forms moderately
lethal to invertebrates comparedto other metals. Organo lead complexes, including alkyl-lead
mixtures applied as antiknock agents in gasoline, are potent toxic agents (Denton et al., 1997).
Anthropogenic activities that contribute to its incidence in the environment include wastes from
manufacturing processes including metal production, particulate discharge from combustion
engines using leaded fuel; combustion processes using wood and coal; and open burning of
municipal refuse. Domestic waste and sewage discharge also contribute to its availability in the
environment. Lead species are strongly absorbed to matrices within clays and organic materials
(Fergusson, 1990). The absorption process is strongly dependent on the ambient phi. As such it
shows limited mobility and accumulative tendencies (Morrison, pers. comm.). Lead is reported to
be in the 15-50 go/g range for coastal and estuarine sediments around the world (Denton et al.

1997) with < 25 go/g in clean coastal sediments.

Mercury (Hg)

This element constitutes high toxic potentials to fish and aquatic invertebrates, especially when it
is present in the organic form (Denton et al., 1997). This compound is particularly a concern due
to its ability to concentrate in tissue of certain commercially important fresh-water and marine
fish in quantities many times higher than the ambient water levels (Finkelman, 2005). Current
major sources include power generation facilities including high temperature combustion

processes for example, urban waste incineration facilities (Denton ef al. 1997; Fitzgerald et al.,



2003). Occurence of mercury in urban runoff are often very low, with a possibility of higher
incidence in petroleum-related waste (Denton et al., 1997).

Mercury has high affinities for organic carbon as well as sulfides. In marine and estuarine
environments, where seawater provides sufficient sulfate, rates of sulfate reduction are affected
mostly by availability of organic matter and temperature (Fitzgerald e al., 2003). In seawater,
mercury is associated with surface active organic materials and mercury ions and the metal are

rapidly sorbet by sediments(Fergusson, 1990).

Zinc (Zn)

Zinc is a very common environmental contaminant and usually outranks other ‘metals like Cu
and Pb in terms of abundance. It is commonly found in association with lead and cadmium
(Denton et al., 2001; Finkelman, 2005). Although it is not regarded as particularly toxic, it is
sometimes released into the sea in substantial quantities (Denton et a.,2001). Major sources of
Zinc to the aquatic environment include the discharge of domestic wastewaters; coal-burning
power plants; manufacturing processes involving metals; and atmospheric fallout (Denton et al,.
2001). Approximately one third of all atmospheric zinc emissions are from natural sources, the
rest come from nonferrous metals, burning of fossil fuels and municipal wastes, and from
fertilizer and cement production (Denton et al., 2001; Callender, 2003). Sediments are known as
major receptacles for zinc in the aquatic environment, and residue in excess of 3000 go/g have
been reported close to mines and smelters (Denton et al., 2001). The average level of occurrence
within the lithosphere is documented to be approximately 75-80 go/g (Callender, 2003) and
depending on the local geological profile and terrain, for uncontaminated waters, sediment levels

occurs within the range of 5-50 go/g.

2.5.2Biological-based-monitoring

Biomonitoring a process of environment assessment, following human or fauna exposure to
natural and synthetic chemicals. It entails the use of sampled biological samples from an
individual organism’s tissues and fluids. It utilizes responses or reactions that serve as imprints
or markers after exposure or uptake of a contaminant or xenobiotic. These markers may be a
chemical response e.g. presence metabolites, tissue alterations, los of tissue architecture or

modulated immune responses(Zhouet al., 2008).



2.5.2.1 Biomarkers in environmental monitoring: Biomarker although a largely vague term,

could be depicted as a range of biological responses associate with hazards in the immediate or

ambient environment of a species (WHO, 2011). A key feature is that these responses are
measurable and unmistakable as reactions to toxic conditions (Peakall, 1994). On the basis of

NRC (1987) and WHO (2011), biomarkers can be subdivided into three classes:

1) Biomarkers of exposure: Subsets of this category entail responses due to the presence of
abnormal concentrations of a chemical or mixtures of chemicals within the immediate
environment of the organism. It’s also usable to confirm and assess the exposure of
individuals or populations to a particular substance (group), thus providing a link
between external exposure and internal dosimeter (Livingstone, 2001).

2) Biomarkers of effect: These highlight quantifiable physiological and biochemical
responses usable as indices for poor or deteriorated health of biota. It can also be used to
document either preclinical alterations or adverse health effects due to external exposure
and absorption of a chemical.

3) Biomarkers of susceptibility: indicating the inherent or acquired ability of an organism to
respond to the challenge of exposure to a specific xenobiotic substance, including genetic
factors and changes in receptors which alter the susceptibility of an organism to that
exposure.

The responses following certain toxicant exposure are useful as indicators of both exposure and

effects but body burdens of contaminants are not considered to be biomarkers or bio-indicators

since they do not provide information on deviations related to health.

Therefore, biochemical responses may be similar in a large variety of organisms. Good

biomarkers are sensitive indices of both pollutant bioavailability and early biological responses.

Biomarkers may be used after exposure to dietary, environmental or occupational sources, to

elucidate cause/effect and dose/effect relationships in health risk assessment, in clinical

diagnoses, and for monitoring purposes. Generally, biomarker responses are considered to be
intermediates between pollutant sources and higher-level effects (Suter, 1990; Livingstone,

2001). Beyond certain threshold (in pollutant dose or exposure time) the pollutant-responsive

biomarker signals deviate from the normal range in an unstressed situation, finally leading to the

manifestation of a multiple effect situation at higher hierarchical levels of biological organization

(McCarthy et al., 1991; Livingstone, 2001).



2.5.2.1.1Antioxidant Biomarkers (Antioxidant Enzymes, Antioxidant Substances (Vitamin,
Carotenoids): Antioxidants are uninanimous depictors of oxidative stress in marine organisms
(Verlecar et al., 2008). Various aspects of biomedical research havehighlighted that contaminant-
mediated biological effect on the organismscould be depicted or understood via variations in the
levels or activities of antioxidants (Sole’et al., 1996 and Camus et al., 2003). A tangible number
of components pertaining to the detoxification and antioxidant system in mollusk species have
been shown to be specifically induced by metals or Polycyclic Aromatic Hydrocarbon (PAH) in
controlled laboratory conditions (Regoli and Principato, 1995). Environmental factors were
found to play a crucial role in regulating the oxidative stress capacity of tissues of P.
verifies(Verlecar et al., 2008). Superoxide dismutase has been reported to mix well with immune
competence of mollusks (Liu ef al., 2004). As a free radical elimination enzyme, SOD is
essential to minimize the oxidative damage to host cells in the immune defense (Zikic, 2001).
Elsewhere studies have demonstrated that that Cu induces an imbalance in the oxygen
metabolism during the first week of exposure due to a decrease in mitochondrial SOD and CAT
selenium dependent, and total glutathione peroxidase activities (Geret, Serafimes al. (2002).
Superoxide dismutase and selenium dependent glutathione peroxidase are two main antioxidants
in organisms (Orbea et al., 2002and Carney, 2008). Catalase is a commonly studied antioxidant
enzyme involved in the initial anti-oxidative mechanism and widely used as a biomarker in
mussel (Cajaraville et al., 2000; Khessiba et al., 2005and Romeo et al., 2000). Levels of lipid
peroxidation in digestive gland, mantle tissue and gills of"* the mussel obtained from a
contaminated site has also been demonstrated as a reliable inside of habiat-quality effects

(Almeida, et al., (2007).

Alteration in antioxidant system due to copper stress was investigated by Isani et al., (2003); Das
and Mukherjee (2000); other reports deocumented that significant reductions in the activities of
antioxidants along with increased lipid peroxidation in infected shrimp confirmed increased
oxidative stress. Increased lipid peroxidation was observed when the clam R. decussatus and
mussel M. galloprovincialis were exposed to Cu (Geret, Jouanet al., 2002 and Viarengo et al.,
1990). Lipid peroxidation is considered a biomarker of damage. Variations in SOD, CAT, GPx
and MDA activities suggest their potential use as biomarkers of effects, such as oxidative stress,

resulting from Cod contamination in the molluskR. decussates (Geret, Serafim et al., 2002).



These antioxidants could either be from exogenous sources e.g. diet or formed endogenously in

the body. The mechanisms of selected antioxidant biomarkers are explained below:

2.5.2.1.2 Superoxide Dismutase: The SODs are a group of metalloenzymes that catalyse the
conversion of reactive superoxide anions (O;") to yield hydrogen peroxide H,O,, which in itself
is an important ROS. Hydrogen peroxide is subsequently detoxified by two types of enzymes:
CATs and Glutathione Dependent Peroxidases (GPOXs). Superoxide dismuthase are considered
to play a pivotal antioxidant role; their importance is indicated by their presence in all aerobic
organisms examined (Stegeman et al., 1992). Additionally, the rate of SOD-catalysed O,
dismutation approximates the diffusion limit, making it one of the most active enzymes
described (Fridovich, 1986). Most techniques for the measurement of SOD activity are indirect
assays in which an indicating scavenger competes with endogenous SOD for O, +. A unit of
SOD activity is defined as the amount that causes 50% inhibition of the reduction of the

scavenger under specified conditions (Stegeman et al., 1992).

2.5.2.1.3 Catalase:Catalase is a notable enzymatic antioxidant enzyme which facilitates the
initiation of antioxidative mechanism and has also been reported in aquatic invertebrates(Jerome
et al, 2016)while its role in antioxidant defense in aquatic invertebrates has been demonstrated in
early reports (Livingstone et al., 1992). It carries out a reduction reaction on H,O, produced by
the SOD enzyme, to form water and oxygen as indicated in the chemical formula 2 H,O, — O, +
2H,0.

Catalysesare enzymes that contain hematin, the protein whichenhances the removal of hydrogen
peroxide, which is eventually metabolized to molecular oxygen (O,) and water. Unlike some
peroxidases that can reduce various lipid peroxides as well as H,O,, it can only reduce H,0,
(Stegeman et al., 1992; Filho, 2001; Asagba et al., 2008 and Ruas et al., 2008).

Following its functions and occurrence in erythrocytes, it may be adopted as a possible marker or
indicatorof oxidant exposure in vertebrates. A phase-by-phaseelevation of CAT activity within
erythrocyte was observed in crustacean carp exposed to pesticides (Gabryelak and Klekot, 1985;
Thomas and Wofford, 1993;Reméo et al., 2000 and Asagba et al., 2008). A commonly employed
assay for the measurement of CAT activity involves the use of the spectrophotometer to observe

the disappearance of exogenous H,O»(Stegeman ef al., 1992 and Lopez et al., 2006).



2.5.2.1.4 Glutathione peroxidase (GPx): Peroxidases (PXs) are enzymes that reduce a variety of
peroxides to their corresponding alcohols. While CAT employs one molecule of H,O, as donor
in the reduction of another H,O, molecule, peroxidases employ other reductants. The principal
peroxidase in fish is a selenium-dependent tetrametric cytosolic enzyme that employs GSH as a
cofactor. GPx catalyses the metabolism of H,O, to water, involving a concomitant oxidation of
reduced GSH to its oxidized form (GSSG). Its criticalimportance in preventing membrane-

damage due to LPx(Livingstone, 2001).

Elevated GPx activity following contaminant exposure that is paraquat, PAH, PCBs and HCB-
contaminated food has been documented, while lowered activity was only noted after exposure

to 3MC.

2.5.2.1.5 Glutathione-S-Transferase: This antioxidant detoxifies a range of xenobiotics via
conjugation to glutathione, which leads to its final expunge from theorganisms system.
Categories of GSTs have been documented with some demonstrating peroxidase activity, using
the mechanism of oxygen-detoxification function i.e., reduction of lipid peroxides. This category
isnotable for invertebrate class of aquatic organisms compared to vertebrates where it is absent.

(Livingstone, 2001; Ruas et al., 2008 and Firat et al., 2009).

2.5.2.1.6 Reduced Glutathione (GSH): This enzyme is regarded as critical to cellular antioxidant
activities(Vijayavel et al., 2004). It is the co-factor of many enzymes catalyzing the
detoxification and excretion of several toxic compounds. Its characteristic rich tripeptide feature
provides an intial defense mechanisms to protect cells from effects of radicals. Its depletion or
low activity clearly indicates stress and an overwhelmed antioxidant capacity (Ringwood et

al.,2005).

2.5.2.1.7 Lipid Peroxidation: This is a notable index of cellular injury and tissue damage in most
organisms. Mallondialdehyde correlates strongly with incidences of lipid peroxidation and
prostate gland in biosynthesis, thus, its measurement is accepted as a reliable measure for lipid
peroxidation. It could also interracts spontaneously with functional protein and other bio-
molecules to achieve different types of complexes (Livingstone, 2001; Asagba et al., 2008 and
Ruas et al., 2008).



oxidized polyunsaturated fatty acids otherwise called LPOs, is a notable outcome of oxidative
stress (Stegeman et al., 1992; Hagemanet al., 1992 and Livingstone, 2001). Numerous studies
have demonstrated enhancements of LPOX in various tissues from fish species exposed in vivo
to a variety of chemicals, such as paraquat-exposed carp (Gabryelak and Klekot, 1985 and
Livingstone, 2001), channel catfish and brown bull head exposed to t-butyl hydro peroxide sea
bass exposed to heavy metals (Romeo et al., 2000) and blue gill sunfish exposed to anthracite
and UV-light (Choi and Oris, 2000). New trends in the demonstration of LPOX by measurement
of degradation products such as aldehydes, acetone and malondialdehyde have been described by
De Zwart et al. (1997). LPOX appears to have considerable potential as a biomarker for
Environmental Risk Assessment (ERA) (Stegeman et al., 1992; Hai et al., 1997 and Livingstone,
2001), although it can occur as a consequence of cellular damage due to a variety of factors other
than exposure to xenobiotics causing oxidative stress (Kappus, 1987 and Lopez et al., 20006).
2.5.3 Reactive Oxygen Species

Reactive Oxygen Species (ROS) are molecules derived from oxygen that are produced naturally
as by-products of metabolism and aerobic respiration (Kelly ef al., 1998 and Valavanidis et al.,
2006) and as cell signaling molecules. However, an electron may be detrimental to proper cell
function and viability (Maitiet al., 2010). Concentrations of ROS are normally kept in check by
antioxidant defense mechanisms comprised of a number of low molecular weight molecules and
enzymes. Exposure to certain contaminants can cause elevated concentrations of ROS due to
enzymatic and non-enzymatic reactions that either directly generate ROS (e.g. cytochrome P450
reductase activity and redox cycling, respectively) or indirectly increase ROS by interfering with
the antioxidant defense system (Kelly ef al., 1998). When antioxidant defenses can no longer
keep ROS concentrations to within a non-toxic range, major biological macromolecules such as
DNA, proteins and the phospholipids of membranes can be oxidatively damaged. This situation,
where ROS overwhelm antioxidant defenses leading to sub-cellular damage, is called oxidative
stress (Kelly et al., 1998). Metals have been shown to cause an increase in ROS through a variety
of mechanisms including redo cycling and disruptions to antioxidant defenses (Halliwell and
Gutteridge, 1999 andLivingstone, 2001).

One of the key low molecular weight molecules that are part of the antioxidant defense system is
reduced GSH. This molecule is present in the cytosol, mitochondria and nucleus of virtually all

types of cells (Livingstone, 2003). Reduced glutathione can neutralize ROS directly or



enzymatically via glutathione peroxidase thereby becoming oxidized in the process. Glutathione
reductase uses Nicotinamide Adenine Dinucleotide Phosphate Hydrogen (NADPH) as reducing
equivalents to regenerate the reduced form of glutathione (Liviingstone, 2003). The main
enzymes directly involved in the antioxidant defense system are glutathione peroxidase, catalase
and superoxide dismutase. Glutathione peroxidase has a selenocysteine moiety at its active site
that is oxidized upon reacting with inorganic and organic peroxides. Reduced glutathione
provides the reducing equivalents necessary for regenerating the active site of the enzyme. There
are different forms of glutathione peroxidase and most can be found in the cytosol, mitochondria
and nucleus (Halliwell and Gutteridge, 1999). One type of glutathione peroxidase, phospholipid
hydroperZoxide glutathione peroxidase, is closely associated with cell membranes and is
essential for neutralizing lipid peroxides (Halliwell and Gutteridge, 1999). Measures of reduced,
oxidized glutathione and the activity of glutathione peroxidase are common biomarkers of
exposure of oxidative stress. Since ROS effectively oxidizes and damages cell membrane
phospholipids, lipid peroxidation is a typical biomarker of the effects of oxidative stress
(Halliwell and Gutteridge, 1999). As a result of oxidative damage, cell membranes become less
fluid and more permeable (Kelly er al, 1998) and cell death may occur (Das and
Mukherjee2000).

In mammalian studies, ROS and oxidative stress are linked to a number of diseases including
cancer (Kelly ef al., 1998), atherosclerosis, cataracts, rheumatoid arthritis, and neurodegenerative
disorders. Studies using fish have demonstrated reduced growth (Fontagné et al., 2006), survival
and lesions to DNA (Kelly et al., 1998) that were associated with oxidative stress. Although
oxidative stress may not be the primary mechanism behind some of these effects (Pandey et al.,
2001), oxidative damage to biological macromolecules signals the importance of ROS and
oxidative stress as a mechanism of toxic action of contaminants such as metals and organic

pollutants.

2.5.40xidative Imbalance and Antioxidant activity

The incidence of oxidative imbalances within living tissue is triggered by uptake of xenobiotic
substances ranging from metal-ions, pesticide molecules, to contaminants rich

inhydrocarbonmolecules (Livingstone, 2003).



2.5.5. Environmental Changes, oxidative stress and antioxidant activity in marine biota

2.5.5.1 Natural Sources:Organisms within the marine and coastal habitat range inherently
encounter extreme and harsh environmental conditions ranging from frosty and heat stress,
dehydration, fluctuating salinity, carbon limitation, and limited access to sunlight in the intertidal
regions, and intermittent limited access to O,. These could act synergistically to induce stress in
marine biota (for example UV-B or temperature and salinity fluctuations). The extremes
environmental conditionscould also induce a photo-catalysed inhibition of photosynthesis

deleterious effects on cellular metabolism in various organisms (Ahmad etal., 2006).

2.5.5.1.1 Temperature fluctuations: Change in temperature regimes have consequences for that
are known to affect anddetermine the survival of all living organisms. Current trends in the
concentration of atmospheric CO;portend that, global temperature will peak by the year 2100 to
2.5-6.4°C in the earths atmosphere (Alexiadis, 2007), and 2-3°C in the ocean surfaces. A rise in
average temperature of the environment, could lead to metabolic activation, which in
combination with increased in O, consumption, triggers oxidative stress (Halliwell and
Gutteridge, 2007). Chronic exposure to high temperatures results in crucial modifications of
intermediary metabolism and cell membrane properties. Ectoderms from permanently cold
waters are less flexible to such variationsin temperature compared to organisms from other
regions(Abele and Puntarulo, 2004). Elevated vulnerability of polar animals to metabolic stress
via oxygen radicals demands physiological adjustments for antioxidant defense systems to
function at low temperatures(Regoli et al., 1997) Moreover, some enzymatic systems including
antioxidant enzymes, like SOD, display temperature optimum curves with a maximal activity
within the habitat temperature range in temperate ectotherms (Abele et al., 2002).

An essential adaptation to cold temperature involves biochemical compensation to the
physiological functioning of cellular membranes. This adaptation is expressed by the production
of low molecular weight lipids and the increase in higher levels of unsaturated and branched
chain fatty acids in the composition of cellular membranes (Hazel and Williams., 1990).
However, achieving membrane functional homeostasis by increasing levels of lipid unsaturation
occurs at the expense of enhancing the vulnerability of cellular membranes to oxidative damage.

Thus, the biochemical adaptation of cellular membranes to function at low temperature affects a



corresponding need for enhanced lipid-phase antioxidant protection, and this is demonstrated by
the need for a significant dietary uptake of temperature by coldwater teleost
(Woodward.,1994).The biochemical selection for Marine-Derived Tocopherol (MDT) synthesis
in cold-water marine producers may thus evolve to provide enhanced antioxidant protection for

metabolic adaptation to low temperature (Yamamoto ef al., 2001).

2.5.5.1.2 Ultra Violet Rays (UV-R) Solar exposure: These class of raysattain ecological relevant
depths of surface waterwith a wide range of overlapping effects, reaching from producers higher
up the food-chain. Organisms which inhabit shallow waters with high water clarity clear, are
vulnerable to the deleterious and hazardous wavelengths of solar UVR. Solar UV-B (280-315
nm) radiation at the Earth’s surface has been shown to increase due to the ozone depletion and its
interplay with climate change (Manney et al., 2011). UV-A (315-400 nm) + UV-B is known to
inhibit growth and photosynthesis (Helbling et al., 1992; Heraud and Beardall., 2000; Gao ef al.,
2007; Jiang and Qiu., 2011) and to damage proteins and DNA (Grzymski.,2001; Xiong., 2001;
Gao et al., 2008). However, moderate UV-R levels were shown to increase photosynthetic
carbon fixation (Nilawati et al., 1997; Barbieri et al., 2002), with UV-A even driving
photosynthetic carbon fixation in the absence of PAR (Gao et al., 2007). The absorption of solar
radiationby dissolved organic matter within the marine environment, particularly the UV-R
wavelengths, triggers the photo catalyzed supply of reactive metabolic intermediates, including
ROS (Mopper et al., 2000). Hernando et al. (2011) demonstrated that reduced vulnerabilityto
UV-induced damage is possible via short-term intake of long-term synthesis of mycosporine-
like amino acids (MAAs) in some antartic invertebrates. Apart from vertical migration and
screening of UVs, some invertebrate crustacean are capable of photorepair of UV-B-induced
DNA damage (Grad et al., 2003) as shown in species from Patagonia, Argentina (Gong alves et
al., 2002).

2.5.5.1.3 Salinity Variations: Although marine environments have a stable salinity with values
around 35 ups, variations could occur between 10 to 70 ups due to natural processes such as
evaporation or precipitation or influx of freshwater from fluvial sources (Graham and Wilcox,
2000). Such sudden fluctuating salinities could result in osmotic stress, which in turn could exert
considerable oxidative stress in vulnerable groups of organism i.e. intertidal species. In aquatic

organisms, salinity change causes a variety of physiological responses such as plasma enhanced



stress-related hormones, altered equilibrium of electrolytes, and growth inhibition (Choi et al.,
2008). The salinity-related stress has been associated with modulated production of ROS,
causing oxidative damage to tissue (Liu et al., 2007). Rijstenbil (2003) demonstrated the
synergistic potential of UV-B and salt stress (as in immersion) to inhibit growth in diatoms.
Elsewhere, studies with microalgae exposed to chronic conditions of hypo-saline and hyper
saline conditions also demonstrated high antioxidant activity concurrent with growth inhibitions
(Lu et al., 2006). Experimental findings from shrimp exposures demonstrated that changes in
salinity might be toxic because it can reduce the activities of antioxidant enzymes thereby
increasing vulnerabilityto oxidative stress. Vitamin E dietary supplementation can be potentially
useful in the prevention of metabolic damage under the tested conditions (Liu et al., 2007).
Hamer et al. (2008) demonstrated a close inverse relationship between salinity and susceptibility
of DNA to oxidative damage across seasons. Thus fluctuations in salinity allow for oxidative
metabolism, including the lowered antioxidant defense systems and the higher incidence

oxidative damage.

2.5.5.1.4 Oxygen Availability: Most marine invertebrates exhibit a high-surface to volume ratio,
thusdiffusive Ojabsoprtion by the teguments critical forfunctional existence within its habitat
range. A number of invertebrate species are oxy-conformers where O, consumption is varies in
response to the prevailing O, partial pressure in the environment (Hamer, 1986). Since some of
these species are negatively impacted by higher thresholds of O,, they occupy or resort to
environment with lower O, (Abele, 2002; Tschischkaet al., 2000). Alternatively, adaptiveness in
low tide, entails the availability of complex and finely tuned set of mechanisms working in close
coordination. In hypoxic conditions (Chandel et al., 1998; Chandel and Schumacker, 2000) or
following a hypoxic episode (Boveris, 1973; Duranteauet al., 1998), ROS are generated in the
event of tissue re-oxygenation. Thus, intertidal organisms, which experience intermittent
episodes of environmental and physiological hypoxia, are likely to receive modulated levels of
ROS production during or, on recovery from physiological stress. In molluscs, oxidative stress
during low tides,affects the foot and gills tissues thus explaining the higher activity of
antioxidant enzymes compared to other tissues. Intertidal organisms exhibit more rigorous
responses to air exposure than sub-littoral limpets, which are able to sustain shell water O,
pressure at low levels irrespective of being submerged or not. The importance of gills in the

antioxidant capability of the organism has been documented. Intertidal limpets for instance,



reduce SOD activities, whereasSOD activity in gill of sub-littoral limpets, increases under both

forms of stress.

2.5.5.1.5 Abundance of Chemical Elements in Nature: The toxic outcomes of heavy metal
exposure and uptake has been strongly attributed to the post-exposure generation of ROS and the
resultantdisequilibriumin cellular redox status (Pinto et al., 2003). Iron is a Fenton (Ft) reactant,
which, is not tightly bound to Ft, has the capacity to form *OH (Puntarulo and Cederbaum,
1988). The manner and dimensions in which the oxidative metabolism of an organism responds
to the incidence of high chemical elements, depends on certain variables including element type,
bioavailable concentration, exposure period, and metabolic/excretion efficiency of these
elements by the organism. Reports about King-George Island (Antarctic) documents a 5-7%
occurence of Fe within volcanic rocks (Tatur et al., 1999). Processes like glacier melting due to
sediment ablation of eroding the rock surface beneath the glacier mass, can result inlarge-scale
metal enrichment (Ahn et al., 1996; Dierssen, 2002). Gonzalez and Puntarulo (2011)
demonstrated that when earth elements Fe is regularly taken up by the aquatic mollusks, it could
eventually become incorporated into the foot. Studies in sub-littoral limpet’s species revealed
high content of heavy metals (Fe, Al, Zn) in digestive glands attributed to ingested sediments,
which was also associated with elevated incidence of ROS compared to intertidal animals. In
addition, there was a concurrent increase in SOD activity following the modulated generation of
ROS formation in the sub-littoral group (Weihe et al., 2010). The differential stress responses of
both exposure sub-groups indicate physiological tendencies for different metabolic strategies,

which most likely could be traced to genetic profile (Aranzamendi, 2008).

2.5.5.1.6 Pathogen Invasion: The role of parasitism in ecosystems is well documented as a tool
for regulating the dynamics of various benthic invertebrates that inhabit coastal areas. The
incidence of antioxidant activity and alongside incidence of oxidative cellular damage in coral
larvae under pathogenic and unpathogenic conditions attributes tissue damage to parasite
presence (Yakovleva et al., 2009). Moreover, Neves et al., (2000)examined a group of
crustaceans infected by the isopod Probopyrus ringueleti, a gill chamber parasite with the
potential for metabolic disruption. Although, activities of CAT or GPx was not significantly
different across groups, the activity of SOD activity reduced significantly in the infected shrimp.

Similarly, the oyster parasite Polydora sp., alters the respiratory physiology of the mollusks, and



modulates the incidence of oxidative stress by inhibiting the expression SOD within gill tissue
(Chambonet al., 2007).

2.5.5.2 Unnatural Sources: Studies have attributed the toxicity of pollutants to be largely
dependent on their inherent potential to modulate cellular levels of ROS(Jerome et al, 2016).
This is plausible because physiological disruptions in organisms can be related to incidences of
exposure and uptake of toxic chemicals in surface water. Groups like microalgae are particularly
interesting indicator species for habitat quality because they are spans a wide range of
environments and a critical place at the base of the food chain (Torres ef al, 2008). The incidence
of oxidative stress in invertebrates and fishes has been studies progressively for decades and is
being harnessed as a possible sentinel for monitoring altered habitat quality in coastal and more
remote environments (Regoliet al., 1997; Ahn et al., 1996; Kirchin et al.1992; Regoli, 1992;
Palace and Klaverkamp,1993; Pellerin-Massicote,1994; Regoli et al., 1998; Angel et al., 1999).

2.5.5.2.1Deposition of Heavy Metals from Human Activities: Anthropogenicactivities have been
implicated in the increased occurrence of toxic metals in coastal environments. For instance
increased mining and industrial activities, disposal of large quantities of waste from chemical
industries, large scale agricultural and the increased run off of pesticides due to large quantities
applied, indiscriminate domestic garbage dumps, are typical scenarios of anthropogenic impacts.
aeolian deposition of atmospheric dust, from polluted areas may also introduce metals to the
antioxidants, including diverse enzymes such as SOD, CAT, GPx and Px, and the synthesis of
low molecular weight compounds such as carotenoids and GSH (Pinto ef al.,2003). Cu has been
observed to induce metallothionein gene expression in the seagrass Posidonia oceanic
(Linnaeus) (Giordani ef al., 2000) and in the brown alga Fucus vesiculosus (Linnaeus) (Morris et
al., 1999), and malondialdehyde (MDA) generation in the marine diatom Phaeodactylum
tricornutum (Bohlin) (Liping and Binghui, 2008). In the marine dinoflagellate
polyhedron(Fasten), heavy metals cause increased oxidation of proteins and lipids, levels of
SOD, APx and carotene; and a decrease in GSH content (Okamoto et al., 2001).

Lately, studies have demonstrated higher incidence of metals such as Fe, Zn, Cu, Cd and Pb in
tissues of organisms sampled from impacted sites (Giarratano et al., 2013). Reports of aquatic

organism to develop tolerance in degraded environments have also been reported.



2.5.5.2.2 Presence in Seawater of Hydrocarbons Due to Oil Manufacturing: Contaminant
presence strongly attributable to oil spill and discharge incidences includes Polycyclic Aromatic
Hydrocarbons (PAH), alkylphenols, and hydrocarbons (Sturve et al., 2006). These compounds
have low vapor pressures (log K> 5); therefore, they are rapidly absorbed by particulate matter
and by living organisms (Nielsen et al 1997). Exposure to several PAH causes oxidative stress in
aquatic organisms (Winston and Di Giulio,1991; Livingstone, 2001). Liping and Binghui (2008)
using fluoranthene expose diatoms, demonstrated a time-dependent increased concentration of
MDAIn algal cells with increasing exposure concentrations. Sureda et al. (2011) demonstrated
significant increases in activities of Glutathione-S-transferase (GST) and cytochrome P4501A
and metallothionein gene expression in the digestive gland of wild mussels M. galloprovincialis
following a major oil spill accident. Elsewhere, studies with the Atlantic CodGauds morhua
(Linnaeus) demonstrated that exposure to alkylphenols induced elevated levels of GR and total
GSH levels, an observation that was attributable to induced oxidative stress (Hasselberg et al,
2004).

2.5.5.2.3 Industrial and Urban Wastes: Anthropogenic wastes span a wide variety of types
ranging from industrialwastewater and domestic and municipal effluents, storm-water runoff,
dumpsite and garbage leachates, to agricultural wastes. Key contaminants that originate from
municipal effluents include metals, hydrocarbons, and nutrients (Moore et al, 2004). The
absenceof sewage processing have also been implicated in the large amount of contaminants
being released to the environment (Esteves et al., 2006). Biomarkers of oxidative stress in gills
and digestive gland of mollusks have been successfully appliedas indices of altered habitat
quality following the release of heavy metals, inorganic nutrients and particulate organic matter

from various anthropogenic activities (Duarte et al, 2011).

2.5.5.2.4 Pesticides: Pesticides is a broad name for agents i.e. physical, chemical or biological
designed to eliminate undesirable occurrence of plant or animals. The syntheticproperties of
most of these agents poses relatively unpredictable risks for biological systems particularly
aquatic habitats. Intensive agricultural setups, could significantly contribute to the incidence of a
variety of contaminantswhich leach from fertilizers and pesticides applied during rains that
runoff into adjacent surface water in inland and coastal environments. This could impact resident
organisms and biota via toxic effects and induction of oxidative stress (Lushchak, 2011). A

recentstudy demonstrated the relationship between pesticide exposure and ROS generation using



benthic mollusks. An increase in theROS generation within heamocytes was recorded after

paraquat exposure. (Gomez-Mendikute and Cajaraville, 2003)

2.6  Mechanism of metal bioaccumulation in fish

A number of factors such as sex, age, season, spawning period, variability of food habitats and
pollutant exposure and phylogenetic differences in regulatory mechanisms, may influence the
uptake, retention and bioaccumulation of trace contaminants in fish tissues (Nesto et al., 2007).
Zhao et al., (2012) shown correlation of heavy metals in the tissue of fish to their living
environments both qualitatively and quantitatively and there was diverse metal bioaccumulation
characteristics which was significantly affected by environment factors and living habits. The
bioaccumulation model showed that Uptake Efficiency factor of essential heavy metals such as
Cu and Zn decreases as exposure concentration increases, due to homeostasis regulation while
for non essential heavy metal Hg, it is increases as the exposure concentration increases and

excretion was observed as manifestation of homeostasis regulation (Neogrohati, 2006).

2.7 Mechanism of Histopathological Damage

Histopathological damage in tissues is outcome of various biochemical and physiological
interactions within cell owing to exposure to various xenobiotics. Heavy metals generates
Reactive Oxygen Species (ROS) which damages protein, lipid and DNA content of exposed
animal which on gross level can be visualized through histopathology, Heavy metals grouped as
Redo active (Fe, Cu, Cr etc) undergo redox cycling whereas redox inactive metals (such as Pb,
Cd and Hg) undergo covalent electron sharing with cells major antioxidant enzymes (Thiols).
Both types lead to the production of ROS as hydroxyl radical (OH), Superoxide radical (O, )or
hydrogen peroxide (H,0O;) which deplete cells intrinsic antioxidant defense. ROS lead to lesions
to lipid, protein and DNA which can be visualized through cross index i.e., histopathology of
tissues (Ercal et al., 2001). Histopathology is a broader term and mirror of effects of exposure to
a variety of anthropogenic pollutants (Hinton et al., 1992). Histological responses are relatively
easily recognized provided that proper reference and control data are available (Hinton, 1994).
Histopathology thus is a long term and reliable biomarker or toxicant exposure. Heavy metals
undergo metabolic activation that induces a cellular change in affected fish. The tissue lesions
and apoptosis arises from bioaccumulation stimulate necrotic alterations in the fish with-.an
inflammatory defensive reaction (Roganovic-Zafirova et al.., 2003). Below are given few

mechanistic insight of metal toxicity leading to microscopically visible alterations.



Heavy metal ions can enter blood vessels some of them arc carried by proteins like albumin and
can be taken up by endothelial cells lining the vessels. Heavy metal ions induce mechanisms of
gene activation in endothelial cells as do pro inflammatory mediators, indicating that corroding
metal ion containing biomaterials can provoke, inflammatory reactions by known, as well as by
yet unknown, intracellular signaling pathways (Wagner et al., 1998). And thus blood profile,
changes with respect to heavy metal exposure and become sensitive bioindicator of heavy metal
pollution as also shown by many workers (Kori-Siakpere and Ubegu, 2008; Maheswaran et al.,
2008). Teleost liver is major organ for heavy metal metabolism thus frequently studied by many
workers (Canli et al.,, 1998; Javed, 2005: Vinodhini and Narayanan, 2008) to observe different
deformities.  Fish hepatocyte has relatively more glycogen/lipid content which lead to
hepatocytes more vacuolated (Weber and Gingerich, 1982). Macrophage aggregates act as
repositories for product of coil membrane and erythrocyte breakdown include lipofuscin, corroid,
hemosiderin and melanin (Wolke, 1992). Reason behind hepatocellular enlargement is organelle
proliferation (hypertrophy), failed mitotic division of hepatocytes (megalocytosis) and vacuolar
swelling of endoplasmic reticulum cisternae that is hydropic degeneration(Hinton et al., 1992).
Toxic chemicals lead to increased number of organelles such as myelinated bodies and

mitochondria.



CHAPTER THREE
MATERIALS AND METHODS

3.1 Study Area

Lagos lagoon is the largest lagoon system of the Gulf of Guinea coast in West Africa. It
stretches from Cotonou in the Republic of Benin and extends to the fringes of Niger Delta in
Nigeria along its 257km course (Hill and Webb, 1958; Don-Pedro et al., 2004). The Lagoon lies
between longitude 3°22° E and 3°40°E and latitude 6°17°N and 6° 28’N. It is generally shallow
with a depth range between 0.3 and 3.2m with the exception of some dredged parts, notably in
the Lagos harbor.

3.2 Study Locations:

The crab, water and sediment samples were collected in six stations in the Lagos lagoon namely;
Makoko-site, Okobaba-site, Iddo-site, Ajah-site, Ikoyi- site and Mid-lagoon (control) site which
are identified by the different types of anthropogenic activities received (Figure 1).

3.2.1 Makoko

Makoko is a coastal community consisting of wooden * houses built on water (Plate 1). The
major means of livelihood for men was fishing, while the women sell fish, food stuffs, cooked
food and provisions. Other profession found in this area was carpentry. Domestic waste and
sewage were directly release into the water from different houses, located along the length of the

Lagoon

3.2.2 Okobaba

Okobaba was dominated by saw-mill industries, most of which are located near the shore.
Smoke from saw-dust dump-sites was usually very thick with floated logs of wood on water
(Plate 2). Burnt saw-dust dump-site located at the shore were used as walk path by people to

access the floated logs of wood used as stand support while defecating directly into the water.
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Fig.1. Lagos Lagoon Showing the Sampling Stations




Plate 1: Makoko Settlement with dug-out boat for different activities

41



Plate 2: Okobaba with Saw-mill Industries and floating logs of wood.
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3.2.3 Iddo

Iddo represents a major point-source of sewage disposal into the Lagoon system. Septic tankers
discharged untreated sewage daily through pipes into the Lagos Lagoon (Plate 3). There were
different sizes of pipes through which the sewage was channeled to the Lagoon. The Lagoon is
also a shallow area with a pungent smell.

3.2.4 Ajah

Anthropogenic activities in Ajah included local and industrial dredging. The water was yellowish
in colour. Few cases of fishing activities were occured.

3.2.5 Ikoyi

There were clusters of domestic waste such as pure water nylons, plastic bottles, nylon bags,
wood, broken plastic plates, and so on at Ikoyi. Solid waste was found lining the shore, while the
Lagoon was shallow. There were a few on-going fishing activities sighted.

3.2.6 Mid-Lagoon

There were no human activities within the mid-lagoon sampling station. The water was clear and
shallow. Fishing occurred a few kilometers away from the station.

3.3 Sampling and Sample Collection

Sampling was carried out between December 2011 and November 2013 on a monthly basis. The
coordinates were determined for each sampling station using the GPS (Garmin etrex legend and
magellan exporist 210).

3.3.1 Crab Sample: A fiber boat was used for monthly sampling in all the six stations. A crab
fisherman was employed for crab fishing. Crabs (n=1750; circular lift nets 50-76mm)were
sampled within the ranges of each sampling stations and transported alive to the laboratory (Plate
4)

3.3.2 Water Sample: samples (n=432) of surface water were collected from all the stations and
fixed with HNOs for heavy metal analysis. Water temperature was taken in-situ using mercury in
a glass thermometer. Water samples for Dissolved Oxygen (DO) and Biochemical Oxygen
Demand (BOD) analysis were collected using the DO and BOD bottles. Salinity, conductivity,
and alkalinity were taken using Horiba-U-10, while pH was taken using a pH meterH9050.model
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Plate 3: Septic tanker packed to release sewage at Iddo
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3.3.3 Sediment Sample: Clean stainless van-veen grab was used to collect sediment samples in all
the stations. The samples were put in polythene nylons properly labeled and transported to the
laboratory at the Nigerian Institute for Oceanography and Marine Research (NIOMR) for further
studies.

3.4 Laboratory Studies

3.4.1 Morphometric and Meristic Analysis of Blue Crab

The FAO (1995) identification guide was used to identify the crabs. Carapace length and body
depth or carapace width (Plate 4) were measured using a vernier caliper. The individual weight
was measured using sensitive weighing balance in the Marine Biology Laboratory of Nigeria
Institute for Oceanography and Marine Research. The samples were preserved at 21% in a
refrigerator, for further analysis.

3.4.2 Physicochemical Parameters of surface water

Dissolved Oxygen (DO) and BOD were measured using gravimetric method, while salinity,
alkalinity, pH, and conductivity levels were taken using the Hanner instrument H9010 model.
The colour of the water samples was noted through physical observation. The odours were

subjectively perceived.

3.4.3 Dissection and preservation of crab organs
Crab sample were dissected using forcept to remove the selected organs according to the method
of Harriet (2001) and preservedat -21° in a refrigerator, for further analysis.

3.4.4 Heavy metal analysis:

3.4.4.1 Digestion of Crab Sample: The crab organs (hepatopancreas, gills, gonad and muscles)
were allowed to thaw, after which 5g of hepatopancreas, gills, gonad and muscles of crab were
weighed on a sensitive weighing balance into different 100ml beakers and digested with 25ml of
freshly prepared concentrated Nitric acid (HNO3) and Hydrochloric acid (HCI) mixture in ratio
1:1.Digestion was carried out according to standard methods (FAO/SIDA, 2003).
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Plate 4: Dorsal view of Callinectes amnicola
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3.4.4.2 Digestion of Water sample : 250ml of water samples for heavy metal analyses was
filtered and digested with 25ml of freshly prepared concentrated Nitric acid HNO;3) and
Hydrochloric acid (HCI) mixture at a ratio of 1:1. Digestion was carried according to standard
methods (FAO/SIDA, 2003).

3.4.4.3 Digestion of Sediment Sample: The bottom sediment samples from each study station
weredried in open air and subsequently sieved with a 200mm mesh screen. 5g of the sediment
wastaken into 100 mL conical flasks and digested with 25ml of freshly prepared concentrated
Nitric acid (HNOs3) and Hydrochloric acid (HCl) mixture at a ratio of 1:1. Digestion wascarried
out on electric cooker in a fume cupboard while the temperature gradually roseup to a maximum
of 160'C. Heating process was sustained for about 2 hrs, while reducing the volume in the
beaker to about Sml. After the beaker and its contents cooled, the content wastransferred into a
50ml volumetric flask using aWhatman filter paper (filtration) and topped up with distilled water
to 50ml mark (FAO/SIDA, 2003)

The digested samples were then analyzed in the Central Laboratory of NIOMR using a Flame
Atomic Absorption Spectrophotometer model Varian SpectAA 400 plus AAS with aqueous
calibration standard prepared from the stock standard solutions of the respective elements.
(APHA-AWWA-WEF, 2005).The results obtained were compared with the NESREA and WHO

standard limit.

3.4.5Condition Factor
The Condition Factor (CF) which describes the physiological condition of the crabs (Voight,
2003) was calculated according to the equation given by Busacker et al. (1990):

CF=W X 100/L’
where, W = the crab weight (g)
L = Carapace length (cm)

Univariate ANOVA analyses were performed to test for differences in Condition Factor index

(CF) of the blue crab from the different stations.

3.4.6 Determination of oxidative stress parameters
Biomarker analysis was carried out in the Biochemistry Laboratory of the Nigerian Institute for

Medical Research, Yaba, Lagos. The incidence of imbalanced oxidative parameters in the
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Hepatopancreas, gill-tissue, gonad and muscle-tissue from Callinectes amnicola was analysed by
quantifying the activity of the selected antioxidant endpoints; MDA, SOD, CAT,GPx, and GSH.
Homogenization: One gram each of the hepatopancreas, gills, gonad and muscles of Callinectes
amnicola was weighed with OHAUS Sensitive Weighing Balance and homogenized with 9ml of
0.4 M Phosphate buffer using a pestle and mortar. The organism homogenate was centrifuged
using Axiom Centrifuge-80 at 3000 r.p.m for 15minutes and the supernatant samples were stored
at -20°C for biochemical analysis.

3.4.6.1Determination of Superoxide Dismutase (SOD):The activity of Superoxide Dismutase was
also analysed by quantifying the inhibition of auto-oxidation of epinephrine at pH 10.2 at 30°C
as described by Magwere et al. (1997), and McCord and Fridovish (1989).

Reagent Preparation: Epinephrine, 5.5mg was added to 100mL of 0.05N of HCl. 50mM of
Na,Cos buffer was prepared by adding 50g of the salt(Na,Cos) which was dissolved in 100mL of
distilled water. The chemicals were weighed using sensitive weighing balance.

Procedure: 3.0ml of Na,CO; buffer-solution was added to 0.02ml of homogenated tissue (Tris-
Hcl buffer, pH 7.5) and treated with 0.03ml epinephrine reagent. It was centrifuged at room
temperature for 10mins at 3,000 rpm. The upper clear supernatant layer was transferred into a
1.5ml cuvette and the absorbance was measured against reference blank at 480nm using a

spectrophotometer.

Equation:

Superoxide dismutase (umol/ml) = 0D/ E4g0 X Vi/ Vs X 10°
Total Protein Concentration

Where OD = Optical density (absorbance)
V1= Total reacting volume
Vs = volume of the sample

E4g0 - Molar extinction coefficient (4020)

Determination of Total Protein:Total concentration of Protein was determined following
specifications of Bradford (1976), and Lowry et al. (1951). Reagent Preparation: Biuret reagent:
100mmol of sodium hydroxide, 16mmol of Na-k-tartrate, 15mmol of Potassium iodide, 6mmol

of Cupric sulphate. Blank: 100mmol of 1 Sodium hydroxide, 16mmol of Na-k-tartrate. The
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Biuret reagent was diluted with distilled water at 1:4; the Blank was also diluted with distilled
water at the ratio of 1:4.Standard solution: 58.48g/L of (6g/dl) Protein kit.
Procedure: The diluted biuret reagent was added to 0.02ml of the samples while blank reagent
was used for the preparation of the protein standard and left at room temperature. The clear
supernatant was transferred into 1.5ml cuvette and the absorbance was measured against
reference blank at 546 nm using spectrophotometer.
Total Protein Concentration = A sample/A standard X Standard Concentration

Where; A = Absorbance
Standard Concentration = 58.48g/LL

3.4.6.2 Determination of Catalase (CAT):Activity ofCAT was determined according to the
procedure of Clairborne (1995) following the absorbance of hydrogen peroxide at 240 nm, pH
7.0 and 25°C.

Reagent Preparation: The reaction mixture 1.5ml contained; 1.0ml of 0.01M PH 7.0 phosphate
buffer, 0.1ml of tissue homogenate and 0.4ml of 2M H,0O,.The chemicals were weighed using
OHAUS sensitive weighing balance.

Procedure: 1.0ml of phosphate-buffer was introduced into 0.1ml of tissue homogenate (Tris-Hcl
buffer, pH 7.0) and treated with 0.4ml of hydrogen peroxide. The reaction was stopped by the
addition of 2.0ml of dichromate-acetic acid reagent (5% potassium dichromate and glacial acetic
acid were mixed in 1:3 ratio). The clear supernatant was put into a 1.5ml cuvette and quantified
by measuring the absorbance was against reference blank at 620nm using Spectrumlab S23A
spectrophotometer.

Equation:
Catalase (umol/ml) = OD/ E4 X Vi/ Vs X 10°
Total Protein Concentration

Where OD = Optical density (absorbance)
V1= Total reacting volume

Vs = volume of the sample
E4g0 - Molar extinction coefficient (4020)
3.4.6.3 Determination of Glutathione Peroxidase (GPx): Quantification of was carried out

according to Rotruck et al., (1973), and Ellman, (1959).
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10% Trichloroacetic acid== 10g of Trichloroacetic acid (TCA) in 100ml of distilled water. The
chemicals were weighed using OHAUS sensitive weighing balance.
Procedure: 0.2ml of phosphate buffer and 0.01ml of sodium azide added to 0.2ml of tissue
homogenate, 0.2ml glutathione and 0.1ml hydrogen peroxide were also added to the mixture.
Equation:
Glutathione Peroxidase (umol/ml) =OD/ E4;» X V1/ Vs X 10°
Where OD = Optical density (absorbance)
V1= Total reacting volume
Vs = volume of the sample

E412 - Molar extinction coefficient (13600)

3.4.6.4 Determination of Reduced Glutathione: Reduced glutathione (GSH) activity was
determined by the method of Jollow et al., (1974) and Ellman, (1959).

Reagent Preparation: 10% Trichloroacetic acid== 10g of Trichloroacetic acid in 100ml of
distilled water. The chemicals were weighed using OHAUS sensitive weighing balance.
Procedure: Reduced glutathione (GSH) was quantified by following specifications of Jollow et
al., (1974), Ellman, (1959). 3ml of the 10% TCA was introducedinto 3ml of homogenate and
further centrifuged at 3000rpm for 10min. In addition, 1.0 ml of supernatant was treated with
0.5ml of Elman’s reagent 20 and 3.0ml of phosphate buffer(0.2M, pH 8.0), after which the
absorbance was determined at 412nm with the aid of spectrophotometer.

quation:
Reduced Glutathione (umol/ml) =0OD/ E4;; X Vi/ Vs X 10°

Where OD = Optical density (absorbance)
V= Total reacting volume *
Vs = volume of the sample

E412 - Molar extinction coefficient (13600)
3.4.6.5 Determination of Lipid Peroxidation: Lipid peroxidation as evidenced by the formation

of TBARS was measured in Malondialdehyde (MDA) by the method of Yagi (1998), Ohkawa et
al. (1979) and Niehaus and Samuelsson (1968).
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Reagent Preparation: 0.37% thiobarbituric acid, 15% Trichloroacetic acid and 0.25N HCI was
prepared and mixed in the ratio 1:1:1 (TBA-TCA-HCI).

Procedure: 0.1ml of tissue homogenate ( Tris-Hcl buffer, pH 7.5) was treated with 2ml of (1:1:1
ratio) TBA-TCA-HCI reagent and placed in a water bath (Uniscope Laboratory water bath
SMS801A) for 15mins, cooled and centrifuged with Axiom Centrifuge-80 at room temperature
for 10min at 3,000 rpm. The clear supernatant was transfer into 1.5ml cuvette and the absorbance
was determined against reference blank at 535nm using Spectrumlab S23A spectrophotometer.

Equation:
Lipid peroxidase (MDA-mol'1 g)=0D/ Es3s X Vi/ Vs X 10°
Where OD = Absorbance

V1= Total reacting volume
Vs = volume of the sample

Es35 - Molar extinction coefficient (1.56 x10° m'lcm'l)

3.4.7 Histopathology

The crabwas dissected with forceps, after which the pieces of gill, hepatopancreas, gonads and
muscletissues were cut out and placed in Bouin’s fluid for about 6hrs to fix tissue which were
then later preserved in 10% phosphate buffered formalin prior to further processing at Pathology
Unit of Morbid Anatomy Department, Lagos State Teaching Hospital. The gill, hepatopancreas,
gonads and muscle tissues weredehydrated in graded series of ethanol dilutions and subsequently
cleared in xylene and embedded in paraffin. Sections of 5um was stained with Delafield
haematoxylin/eosin (H&E) and slides was mounted on slides with DPX mountant for
microscopy according to the method of Roberts, (2001).

3.5Data analysis

All data were recorded as Mean and Standard Deviation (Mean+SD). The SPSS version 20.0 was
used for analysis. Differences in antioxidant biomarker (SOD, GSH, CAT, GPx and MDA) in
gill, gonad, hepatopancreas and muscle of C. amnicola were determined using ANOVA at
p<0.05 and p<0.001.

ANOVA was used to verify the seasonal variation in antioxidant biomarker and heavy metal of
the crab tissues.

Pearson Correlation statistical analysis was also used to test the association between the variables

of biomarkers parameters and heavy metals at p<0.001
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Discriminant function analysis (DFA) was used to check the relationship between the stations
and heavy metal concentration in the organs
The seasonal variation;wet season (April- October) and dry season (November-March) were

also determined.

Pollution load Index (PLI): PLI represents the number of times by which the heavy metal
concentrations in the sediment exceeds the background concentration, and gives a summative
indication of the overall level of heavy metal toxicity in a particular sample. Priju, and
Narayana (2009).
PLI of the stations was determined according to the procedure of Tomlinson et al.,(1980) using
the formula;
PLI=nV(CF1xCF2xCF3x...xCFn.

Where, CF(contamination factor) = C metal / C background value,

n = no. of metals/elements; Cy,a) = metal/elementlevels in sediment sample

Biota Sediment Accumulation Factor (BSAF): This refers to the net uptake and retention of a
chemical in an organism from all routes of exposure (diet, dermal, respiratory) and any source
(water, sediment, food) as typically occurs in the natural environment. Simply put, a BSAF is
expressed as the ratio of the concentration in tissue (mg/kg) to the concentration in sediment
(mg/kg) as in equation I below:

BSAF=C,/C, .... ()

WhereC, is the concentrations of each trace metal in crab organs, and C; represents the levels of

the trace metal within sediment sample.
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CHAPTER FOUR
RESULTS

4.1 Physical Observation of Water and Sediment Sample in the Lagos Lagoon
The colour of the sediment in Iddo was black with sandy texture.The Ajah sediment colour was

ash while the texture was sandy.The colour and texture of the sediment in Ikoyi was ash and
sandy respectively. The colour and texture of the sediment from Mid-lagoon was ash and muddy
respectively.

4.2 Physicochemical Parameters of surface water samples from the Lagos Lagoon

4.2.1 Water Temperature

Mean surface water temperature ranged between 29.71+0.49°C at Ajah and 27.1440.69°C at
Mid-lagoon(Table 4). The values were within limit specified by WHO(2011) but exceeded the
allowablethreshold specified by NESREA, (2015). However, variation in water temperature in
all the sample stations was insignificant (p>0.05).

s4.2.2 Dissolved Oxygen (DO)

The mean DO values ranged between 8.89+2.83mg/L at Ajah and 5.23+2.78 mg/L at Makoko.
The values were within limits of the NESREA and WHO standards in all stations (Table 4).
Analysis of Variance in values obtained for DO showed significant variations (p<0.05) in values
between the stations.

4.2.3 Salinity

The mean salinity values ranged between 21.00i6.630/00 at Iddo and 4.96i4.230/00 at Ajah. The
values were within the recommended salinity for fish and shell fish (Table 4). Variation in
salinity from one station to the next was significant (p<0.05).

4.2.4 Conductivity

The mean conductivity values ranged between 33.15+8.64uS/cm at Iddo and 8.52+6.92uS/cm at
Ajah. These values were below NESREA Maximum standard (70uS/cm) (Table 4). Analysis of

Variance in conductivity values showed significant differences (p<0.05) between the stations.
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Table 4: Physicochemical Parameters of Surface Water

Sampling stations Parameters
Temperature DO* Salinity*  Conductivity* pH* BOD* Alkalinity*
°C) mg/L o/ uS/cm mg/L mg/L
Makoko 29.29+0.49 5.234+2.78 4.245.77  22.204£9.20 7.71+£0.32 2.50£1.22 27.00£11.08
Ok obaba 28.71+0.49 5.63£3.62 4.79+4.49 23.66+7.05 7.71£0.23 4.70+2.41 24.1449.75

Iddo  29.14+0.38 6.19+4.85 21.00+6.63 33.15+8.64 8.03+£0.32 2.03£0.63 25.43+3.26
Ajah 29714049 8.8942.83 4.96+4.23 8.52+6.92  7.85+0.20 3.0742.17 2.24+4.07
Tkoyi  29.14+038 6.39+3.62 15.07+4.77 21.5949.74 8.11+0.16 2.17+0.55 14.4346.24
Mid-lagoon27.14+0.69 6.16+3.63 6.96+3.62 16.14+9.86 7.73+0.35 2.87+1.90  17.7148.54
NESREA <26 >4 70  6.58.5 30 100

Limit, (2015)

WHO, (2011) 40 =6 6.8 100

* difference in mean surface water properties are significant at p<0.05 between stations.
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4.2.5 Hydrogen Ion Concentration (pH)

The mean pH values ranged between8.11+0.16 at Ikoyi and 7.7140.23 at Okobaba. These values
were found to fall within WHO and NESREA standards limits of 6.8 and 6.5-8.5
respectively.The mean values at different sampling stations were above WHO pH limit of 6.8
(Table 4). Analysis of Variance in pH values showed significant differences (p<0.05) between

the stations.

4.2.6 Biochemical Oxygen Demanded (BOD)
The mean BOD values ranged between 4.70+2.41mg/L at Okobaba and 2.03+0.63mg/L at Iddo.
These values were within NESREA permissible limit (Table 4). The analysis of Variance

showed significant variations (p<0.05) in BOD values from the sampling stations.

4.2.7 Alkalinity
The mean alkalinity values recorded ranged between 27.00+11.08mg/L at Makoko and
12.24+4.07mg/L. at Ajah. These values were within the permissible limit of the NESREA and

WHO standards (Table 4). Variation in alkalinity between the sampling stations was significant

(p<0.05).

4.3 Concentration of Selected Metals in Surface Water
Levels of selected metals concentrations in samples of surface water collected across sampling

sites (Table 5) show variations in the distributions of Cd, Pb, Zn, and Cu. Cadmium has the
highest mean concentration value in surface water from Okobaba sampling station
(0.4+0.02ng/L), the lowest levels of occurrence was found among samples "Makoko and Mid—
lagoon (0.02+0.02nug/L). Pb has the highest mean concentration value in surface water from
Ikoyi (0.30+£0.02pug/L), the lowest concentration was found in Iddo (0.001+0.00ug/L). Zn has
highest concentration value in surface water from Ikoyi (0.003+0.008ug/L) while the lowest
mean concentrations were found at Mid—lagoon, Iddo and Okobaba (0.001+0.000ung/L). Cu has
highest concentration values in surface water from Iddo (0.08+0.08ug/L) while the lowest is

(0.01£0.01pg/L) from Makoko.

Cadmium levels in surface water across sampling stations showed consistency with the NESREA

permissible limit ex\pt at Okobaba, but they all exceeded WHO permissible limit. Lead
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concentration in water were within the NESREA permissible limit in Okobaba, Iddo and Mid-
lagoon but exceeds this limit in other stations. Concentration of Pb at all sampling stations
exceeded WHO permissible limit. Zinc and Cu concentration from all sampling stations were

within the NESREA and WHO permissible limits (Table5)

4.4 Trace metal levels in sediment-matrices
The levels of selected metals insediment samples collected across sampling locations are

represented in Table 10a. Cadmium concentration in sediment from Makoko was highest
(2.73+1.16mg/kg) and lowest in sediment from Mid-lagoon (0.21+0.44mg/kg). mg/kg Zinc
concentration was highest in sediment from Okobaba (37.10+27.37mg/kg) and lowest in
sediment from Ikoyi (2.28+2.83mg/kg). Copper concentration was highest in sediment from Iddo
(60.05+53.89 mg/kg) and lowest in sediment from Ikoyi (2.51+3.88mg/kg) (Table 6a).

Cadmium concentration in sediment from Makoko, Iddo and Ikoyi were within CSOG (0.99-3-
moderately polluted) permissible limit except at Mid-lagoon, Okobaba and Ajah, which shows
that the sediment from Makoko, Iddo, and Ikoyi was moderately polluted. In contrast, Cd
concentration in sediment from all stations were below EPA permissible limit. Lead
concentration in sediment from all stations were below CSOG permissible limit (40-non
polluted), except at Iddo(51.94+45.16mg/kg) which shows the sediment were not polluted.
However, Iddo station was moderately polluted. Pb in sediment from all stations were below
EPA permissible limit except at Iddo, which was slightly polluted. Zinc concentration in
sediment from all stations were below CSOG and EPA permissible limits, except Okobaba and
Iddo which exceed EPA (<25) permissible limit. Copper concentration in sediment from all
stations were above CSOG and EPA permissible limits, except at Mid-lagoon Ikoyi and Ajah,
thus confirming that shows that Makoko Okobaba and Iddo were moderately or slightly polluted
respectively. Copper concentration in sediment from Iddo which was above EPA permissible
limit (>50) shows that Iddo station was severely polluted (Table 6b).

Analysis of variance (ANOVA) of Cd, Zn and Cu concentration in the sediment sample shows
significant variation at 95% (p<0.005) and 99% (p<0.0001) within the sediment tested between
the sample stations. The variation in Pb concentration shows no significant difference at (p>0.05)

in all the sample stations.

56



Table S: Mean Heavy Metal levels (mg/L) in Surface Water of the Sampling Stations

Sampling stations Heavy Metals

Cd Pb Zn Cu*
Makoko 0.02+0.02 0.23+0.25 0.02+0.00 0.02+0.01*
Okobaba 0.4+0.02 0.12+0.14 0.01+£0.001  0.02+0.04*
Iddo 0.05+0.03 0.14+0.00 0.01+0.00 0.08+0.08*
Ajah 0.05+0.09 0.26+0.24 0.02+0.02 0.02+0.03*
Ikoyi 0.03+0.02 0.30+0.22 0.03£0.002  0.04+0.06*
Mid-lagoon 0.02+0.02 0.18+0.16 0.0014+0.000 0.07+0.06*
NESREA, (2015) 0.1 0.2 2 0.1
WHO, (2011) 0.003 0.01 3 2

*values are significant at P<0.05.
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Table 6a: Mean Heavy metal levels (mg/kg) in Sediment samples from Lagos lagoon

Sampling stations Heavy Metals types

Cd* Pb Zn* Cu*
Makoko 2.73%1.16 34.24+21.33 20.73.£18.31 32.94+22.67
Okobaba 0.57+0.56 37.10+£27.37 37.10+£27.37 35.50+£30.03
Iddo 1.47+1.37 51.94+45.16 33.78+15.50 60.05+53.89
Ajah 0.98+0.76 21.29+19.90 4.38+2.60 15.73£10.59
Ikoyi 1.99+1.41 12.61£11.34 2.28+1.83 2.51+1.88
Mid-lagoon 0.21+0.14 10.63+8.83 7.21£5.94  5.58+3.41

*values are significant at P<0.05.

Table 6b: Standard Limits for heavy metal concentration (mg/kg) in Sediment

Standard Category Cd* Pb Zn* Cu*
CSOG, (2003)

Non-polluted <0.99 <40 <90 <25
Moderately polluted 0.99-3 40-70 90-200 25-75
Heavily polluted >3 >70 >200 >75
EPA,(1999)

Non-polluted <40 <40 <25 o

Slightly polluted o 40-60 90-200 25-50
Severely polluted >6 >60 >200 >50

CSQG -- Canadian Sediment Quality Guidelines, EPA —Environmental Protection Agency
guidelines.
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4.5Pollution Load Index (PLI)

The dry season PLI contamination order based on overall concentrations of metals in relation to
seasons for the sample stations (Fig 10) was highest at Makoko (1.90) followed by Okobaba
(1.19), Iddo (1.09), Ajah (0.72) , at Ikoyi (0.35), and the least was Mid-lagoon (0.30). During the
rainy season, highest was at Iddo (1.48), followed by Makoko (0.87), Okobaba (0.6), Ikoyi
(0.35), Ajah (0.27) and least (0.24) was at Mid-lagoon. Comparatively Makoko was the most
polluted station of the Lagos lagoon in the dry season with about 6 times more metal load than
the least PLI (Ikoyi). The Iddo part of the Lagos lagoon was the most polluted during the rainy
season with about 5 times more pollutant than the least PLI at Ajah area of the lagoon. Makoko,
which was the most polluted station in the dry season (1.90), showed about a 2-fold lower
concentration in the rainy season (0.87). Okobaba stations showed overlapping similarities with
its PLI-values for the rainy season (0.60) being about half of values obtained for the dry season
(1.19). The Iddo station as well as Ikoyi station showed deviation in this trend of more polluted
rainy season than dry season, giving its highest PLI (1.48) in the rainy season and lower values
(1.09) in the dry season for Iddo and rainy season PLI was 0.33 while dry season PLI was 0.3
for Ikoyi (Fig2).

4.6Heavy Metals Concentration in samples of C. amnicola Organs:

The mean values of some heavy metals concentrations in theHepatopancreas, gills, gonad
and muscle of C.amnicola sampled across stations generally showed varied distributions of
cadmium, Pb, Zn, and Cu. The difference in occurrence were highly significant (p<0.05) across

the sampling stations.

4.6.1. Hepatopancreas

Cadmium (Cd) concentration in hepatopancreas of crab from Iddo was highest (1.18+0.11mg/L)
and lowest in hepatopancreas of crab from Mid-lagoon (0.06+£0.22mg/L). Lead (Pb)

concentrationwashighest in Hepatopancreas of crab from Okobaba (5.17+7.67mg/L) and lowest

in hepatopancreas of crab from Mid-lagoon (0.03+0.15mg/L). Zinc (Zn) concentration was
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highest in hepatopancreas of crab from Ajah (6.83+1.85mg/L) and lowest in hepatopancreas of
crab from Mid-lagoon (2.69+£1.25mg/L). Copper (Cu) concentration was highest in
hepatopancreas of crab from Okobaba (14.644+9.61mg/L) and lowest (3.18+0.82mg/L) in
hepatopancreas of crab from Mid-lagoon (Table 7).

Cadmium, Pb, Zn and Cu concentrations in hepatopancreas of crab from all the sample stations
except in crab from Mid-Lagoon were above the NESREA and WHO permissible limit (Table
7). However, Mid-lagoon values are also higher, though negligible except in Zn concentration.

The analysis of variance showed that the variation in concentrations of Cd, Pb, Zn, and Cu in the

hepatopancreas of C. amnicola from across stations were significant at (p<0.05).

4.6.2 Gill
Cadmium concentration in gills of crab from Makoko was highest (0.81+1.98mg/L) and lowest

in gills of crab from Mid-lagoon (0.10+£0.06mg/L). Lead concentrationwashighest in gills of crab
from Okobaba (3.17+2.08mg/L) and lowest in gills of crab from Mid-lagoon (0.19+0.79mg/L).
Zinc concentration was highest in gills of crab from Iddo (1.68+1.25mg/L) and lowest in gills of
crab from Mid-lagoon (1.18+0.23mg/L). Copper concentration was highest in gills of crab from
Ajah (34.59+24.54mg/L) and lowest in gills of crab from Mid-lagoon (1.48+2.02mg/L) (Table
8).

Cadmium, Pb, Zn and Cu concentrations in gill tissue of C. amnicolaacross sample stations
except Mid-Lagoon were above the NESREA and WHO permissible limit (Table 8).

4.6.3 Gonad
The analysis of variance showed that the variation in concentrations of Cd, Pb, Zn, and Cu in the

gills of C. amnicola across sampling sites were significant (p<0.05).

Cadmium concentration in gonad of crab from Makoko was highest (1.66£1.54mg/L) and lowest
in gonad of crab from Mid-lagoon (0.05+0.28mg/L). Lead concentrationwashighest in gonad of
crab from Ikoyi (3.83+6.92mg/L) and lowest in gonad of crab from Mid-lagoon

(0.14+0.28mg/L). Zinc concentration was highest at Ikoyi (3.89+2.56mg/L) and lowest in gonad
of crab from Mid-lagoon (1.23+0.26mg/L). Copper concentrationwas highest in gonad of crab
from Makoko (40.24£55.08mg/L) and lowest in gonad of crab from Mid-lagoon
(1.64£3.47mg/L) (Table 9).
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Table 7: Heavy Metal Concentration (mg/L) in Hepatopancreas of C.amnicola

Sampling stations

Cd* Pb* Zn* Cu*
Makoko 0.45+0.29 2.82+1.77 6.27+2.04 6.57+6.05
Okobaba 0.39+0.205.17+3.67 6.24+2.15 14.64+9.61
Iddo 1.18+0.11 3.07+1.65 5.71£2.91 5.71£2.91
Ajah 0.43+0.40 3.30+1.31 6.83+1.85 8.35+05.57
Ikoyi 0.57+0.28 2.11+£02.97  5.71+2.40 13.57+11.51
Mid-lagoon 0.06+0.02 0.03+£0.15 2.69+1.25 3.18+0.82
NESREA, (2015) 0.1 0.2 2 0.1
WHO, (2011) 0.003 0.01 3 0.1

* Significant heavy metals concentration (P<0.05) between stations.
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Table 8: Heavy Metal Concentration (mg/L) in Gill of C.amnicola

Sampling stations

Cd* Pb* Zn* Cu*
Makoko 0.81+0.48 1.44+1.01 1.62+1.38 26.08+17.34
Okobaba 0.37+£0.213.1742.081.67+0.62 29.48+18.59
Iddo 0.45+0.251.11+1.01 1.68+1.25 33.44£18.93
Ajah 0.27+0.12 1.56+0.63 1.43+0.55 34.59+24.54
Ikoyi 0.33+0.24 2.04+0.82 1.50+0.50 31.43+15.92
Mid-lagoon 0.10+0.0 60.19+0.09  1.18+0.23 1.48+1.02
NESREA, (2015) 0.1 0.2 2 0.1
WHO, (2011) 0.003 0.01 3 0.1

* Significant heavy metals concentration (P<0.05) between stations.
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Table 9: Heavy metal Concentration (mg/L) in Gonad of C.amnicola

Sampling stations

cd* Pb* Zn* Cu*

Makoko 1.56+1.44 1.66£1.54  3.00£1.23  40.24+25.08
Okobaba 0.73+0.7 21.14+0.69  2.78+1.66  23.96+£19.98
Iddo 0.90+0.76 1.12£1.05  2.93+1.94  19.32+13.20
Ajah 1.35+0.53 1.16£0.80  2.5942.04  20.83+15.48
Ikoyi 1.02+0.98 3.83£0.92  3.894£2.56  27.37+11.64
Mid-lagoon 0.05+0.02 0.14+0.08  1.23+0.26  1.64+1.47
NESREA, (2015) 0.1 0.2 2 0.1

WHO , (2011) 0.003 0.01 3 0.1

* Significant heavy metals concentration (P<0.05) between stations.
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Cadmium and Pb concentrations in gonad of crab from all stations were above the NESREA
permissible limit except Mid-lagoon. However, the concentrations were above WHO permissible
limit in all stations. Zinc concentration from all stations were above and within NESREA and
WHO permissible limit except at Mid-Lagoon and Ikoyi respectively. Cu concentration from all
stations were above NESREA and WHO permissible limit (Table 9).

The ANOVA showed that metal (Cd, Pb, Zn, and Cu) levels in gonads of C. amnicola from

across sites were significantly different (p<0.05).

4.6.4 Muscle

Cadmium concentration in muscle of crab from Makoko was highest (0.36+0.65mg/L) and
lowest in muscle of crab from Mid-lagoon (0.08+0.13mg/L). Lead concentrationwashighest in
muscle of crab from Iddo (3.66+7.42mg/L) and lowest in muscle of crab from Mid-lagoon
(0.29+£0.31mg/L).  Zinc concentration was highest in muscle of crab from Makoko
(3.28+1.74)mg/L and lowest in muscle of crab from Mid-lagoon (1.2440.52mg/L). Copper
concentrationwas highest in muscle of crab from Ajah (12.06+£3.27mg/L) and lowest in muscle
of crab from Mid-lagoon (1.18+1.35mg/L) (Table 10).

Cadmium and Pb concentrations in muscle of crab from all stations were above the NESREA
permissible limit except at Mid-lagoon, and were all above WHO permissible limit. Zinc
concentration from all stations were above WHO permissible limit except Makoko. Copper
concentration in muscle of crab from all stations were above the NESREA and WHO permissible
limit except Mid-lagoon which was below WHO limit.(Table 10).

The analysis of variance showed that the concentrations of Cd, Pb, Zn, and Cu in the muscle of
C. amnicola from Makoko, Okobaba, Iddo, Ajah, Ikoyi and Mid-Lagoon were significantly
different (p<0.05).

4.6.5 Heavy Metals Trend in Select tissues of Crabs across Sampling Stations

Higher mean concentration of Cadmium was found in gonad of blue crab followed by
concentration in the hepatopancreas, gill and least concentration was in crab muscle (Fig 3).
Higher Pb concentration was recorded in hepatopancreas followed by gonad, gill and least

concentration was in muscle (Fig 3).
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Table 10: Heavy metal Concentration (mg/L) in Muscle of C.amnicola

Sampling stations

Cd* Pb* Zn* Cu*

Makoko 0.36+0.15 2.30+£1.40 3.28+1.74 9.954+4.73
Okobaba 0.32+0.16 1.44+0.83 1.94+1.08 6.67+3.22
Iddo 0.20+0.11 3.66+£2.42 2.56+0.81 9.70+3.64
Ajah 0.31+0.13 1.16+1.15 2.31+0.43 12.06+3.27
Ikoyi 0.21+0.20 1.32+0.71 2.78+1.25 11.38+0.82
Mid-lagoon 0.08+0.03 0.29+0.11 1.24+0.52 1.18+1.35
NESREA, (2015) 0.1 0.2 2 0.1

WHO, (2003) 0.003 0.01 3 0.1

* Significant heavy metals concentration (P<0.05) between stations.
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The highest occurrence of Zinc was documented in hepatopancreas followed by gonad, muscle
and least concentration was in gill (Fig 3).

The highest concentration of Copper was recorded in gill followed by gonad, muscle and least
concentration was in hepatopancreas (Fig 3).

Copper has the highest concentrations followed by Zn, Pb and Cd in all examined organs of C.

amnicolafrom all the sampling stations.

4.6.6 Uptake Pattern of Heavy Metals Concentration by Organs of C amnicola in Relation
to the Sample Stations

The ballot of metal concentration in Hepatopancreas (Figure 4), shows a close connection
contacting at the tip of ellipses between the mid-lagoon and other stations. This indicates that
metal uptake patterns in Hepatopancreas of C. amnicola from mid-lagoon may not be as distinct
from uptake pattern found in the Hepatopancreas of C. amnicola from other stations.

The discriminant ballot for metals in gills shows two distinct ellipses, in near contact. This ballot
depicts that metal uptake patterns in crabgills aroundthe mid-lagoon was slightly distinct from
metal uptake patterns in gills of crabs from other stations (Figure 5).

Similarly, Figure 6 shows the distinct ellipse between the mid-lagoon cluster and cluster of other
stations combined also depicts differences in uptake patterns of metals in gonads of crabs from
Mid-lagoon compared with uptake patterns in gonads of crab from all other station.

The ballot of metal concentration in crab muscle (Figure 7) showed an overlap in ellipses
between the mid-lagoon cluster and the cluster of other stations. This indicates that levels of
metals in muscle may not be distinctly different crab muscles from Mid-lagoon and crab muscles
from all other sampling stations.

Analysis of variance shows the variations in concentration of Cadmium, Lead and Zinc, were not
significantly difference at 95% (p>0.05), however, Cu concentration shows significant difference

at 95% (p<0.05) between the sample stations.
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4.7 Biota-Sediment Accumulation Factor (BSAF)
Biota-sediment accumulation factor (BSAF) for crab organs and habitat sediment from the

sampling stations showed station specific relationship between metal in crab and sediment.

(Figs. 8-11).

4.7.1 Hepatopancreas

In the hepatopancreas, BSAF for cadmium showed the highest values at Iddo (0.80) while values
calculated for Pb, Zn, and Cu showed highest values at Iddo (0.17), Ikoyi (2.50), Makoko (0.20)
respectively. Lowest for Cd, Pb, Zn, and Cu was 0.17 at Makoko, 0.04, 0.17, 0.31 at Mid-lagoon,
Iddo and Mid-lagoon respectively (Fig. 8).

The BSAF obtained for Cd, Pb, Zn, and Cu in all sampling stations were less than 1.00 and were
considered normal, except the BSAF obtained for Zn at Ajah and Ikoyi and Cu at Ajah which
were greater than 1.00 indicating that they were highly bioaccumulated and bio-magnified in the
hepatopancreas of the crab samples. Cu has the highest BSAF (5.41) at Ikoyi and was therefore,

the most bio-magnified compared to other metals in hepatopancreas.

4.7.2 Gill

In the gill, BSAF for cadmium showed the highest values at Okobaba (0.65) while values
calculated for Pb, Zn, and Cu, all were highest at Iddo (0.32), Makoko (0.68), Ikoyi (12.52)
respectively. Lowest for Cd, Pb, Zn, and Cu was 0.05 at Mid-lagoon, 0.04, 0.05, 0.39 at Makoko,
Iddo and Mid-lagoon respectively (Fig. 9).

The BSAF obtained for Cd, Pb, Zn, and Cu in all sampling stations were lower than 1.00 and
were categorized as within limits, except the BSAF for Cu at Ajah and Ikoyi which were higher
than 1.00 indicating that they were highly bioaccumulated and bio-magnified in the gill of the
crab samples. Cu has the highest BSAF (12.52) at Ikoyi indicating greatest bio-magnification

compared to the other metals studied.

4.7.3 Gonad
In the gonad, BSAF for cadmium showed the highest values at Ajah (1.38) while values
calculated for Pb, Zn, and Cu, all were highest at Iddo (0.30), Ikoyi with 0.30, 1.71 and 1.71
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respectively. Lowest for Cd, Pb, Zn, and Cu was 0.09 at Mid-lagoon, 0.02, 0.11, 0.29 at Iddo,
Mid-lagoon and Mid-lagoon respectively (Fig. 10).

The BSAF obtained for Cd, Pb, and Zn, in all sampling stations were less than 1.00 and were
considered normal, except Cd at Okobaba and Ajah, and Zn at Ikoyi which were greater than
1.00 indicating that they were highly bioaccumulated and bio-magnified in the gonad of the crab
samples. However, the BSAF obtained for Cu were less than 1.00, except at Makoko, Ajah and
Ikoyi. Cu has the highest BSAF (1.90) at Ikoyi indicating highest incidence of bioaccumulation in
gonad

4.7.4 Muscle

In the muscle, BSAF for cadmium showed the highest values at Iddo (1.14) while values
calculated for Pb, Zn, and Cu showed highest values at Okobaba (0.14), Ikoyi (1.22), Ajah (0.77)
respectively. Lowest for Cd, Pb, Zn, and Cu was 0.10 at Mid-lagoon, 0.02, 0.11, 0.16 at Mid-
lagoon, Mid-lagoon and Iddo respectively (Fig. 11).

The BSAF obtained for Cd, Pb, Zn, and Cu in all sampling stations were less than 1.00 and were
considered normal, except Cd at Iddo and Zn at Ikoyi which were greater than 1.00 depicting that
the metals were highly bioaccumulated and bio-magnified within muscle tissue of the crab
samples. Zn showed the higher value of BSAF (1.22) at Ikoyi and indicating incidence of highest

bio-magnification in muscle tissue.

4.8: Condition Factor of C. amnicola (Blue Crab) in the Sample Stations

The Condition factor of C. amnicola ranges from 0.54 -0.78 in the sampling stations with the
highest at Mid-Lagoon, followed by 0.59 at Makoko, 0.57, 0.56 and 0.54 at Okobaba, Iddo, Ajah
and Ikoyi respectively (Fig 12). The Condition factor of C. amnicola in stations with point
source pollution and other anthropogenic activities were lower compared with condition factor at
Mid-lagoon; the control station with no direct pollution activities.

Measures of condition factor index across study areas (Figure 12) was tested using one way
ANOVA which depicted that the mean condition of the blue crab from the mid-lagoon
(0.752+0.26) was notably higher(p<0.05) than Makoko (0.58+0.12), Okobaba (0.57+0.16), Iddo
(0.56+0.12), Ajah (0.56%0.11) and Ikoyi (0.53+0.12). Although blue crabs from the land areas
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adjacent to the Lagos lagoon had similar ranges of condition factor index (CF), sample from the

Ikoyi site had the lowest measure of condition.

4.9 Tissue-specific oxidative stress biomarker activity across seasons

4.9.1 Crab Organs and Superoxide dismuthase Activity

Superoxide dismutase levels recorded within Hepatopancreas, gill-tissue, gonad and muscle-
tissue of blue crab from the sampling stations during dry and rainy season are shown in Fig.
13a&b.

The ANOVA revealed that the variation in activity of SOD in the hepatopancreas, gill, gonad
and muscle of C. amnicola from Makoko, Okobaba, Iddo, Ajah, Ikoyi and Mid-Lagoon were
significant (p<0.05).

Hepatopancreas: Activity of SOD was highest in hepatopancreas of crab from Ikoyi (7.1 x 10 +
7.76 x 107 pmol/mgprotein) and lowest in hepatopancreatic tissue of crabs from Mid-lagoon
(1.13 x 10” £ 5.58 x 10” pmol/mgprotein) during dry season. During rainy season the highest
activity were in hepatopancreas of crabs from Makoko (8.38 x 10° + 434 x 107
umol/mgprotein) and lowest at hepatopancreas of crab from Okobaba (1.1 x 10* + 5.39107

umol/mgprotein).

Gill: Superoxide dismuthase activity were highest in gill of crab from Ajah (1.60 + 1.00
umol/mgprotein) andlowest at Okobaba (0.89 + 0.61 pmol/mgprotein) during dry season. In the
rainy season the highest activity were in the gill of crabs from Mid-lagoon (1.19 + 0.31

umol/mgprotein) and lowest in gill of crab from Ikoyi (0.38 £ 0.09 umol/mgprotein).

Gonad : Superoxide dismuthase activity were highest in gonad of crab from Mid-lagoon (0.98

+0.16 umol/mgprotein) and lowest at Ajah (0.50 = 0.43 pmol/mgprotein) during dry season.
During rainy season the highest activity were in gonad of crabs from Mid-lagoon (1.17 & 0.19

umol/mgprotein) and lowest in gonad of crab fromAjah (0.30 + 0.09 umol/mgprotein).
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Muscle: Superoxide dismuthase activity were highest in in muscle of crab from Ikoyi (1.26 +
0.71 umol/mgprotein) and lowest at Makoko (0.60 = 0.37 pmol/mgprotein) during dry season.
During rainy season the highest activity were observed in muscle of crabs sampled from areas of
the Mid-lagoon (1.09 + 0.26 pmol/mgprotein) and lowest in muscle from Ajah (0.52+ 0.13

umol/mgprotein).

4.9.2 Crab Organs and Catalase Activity

Catalase (CAT) activity was shown in hepatopancreas, gill, gonad and muscle of blue crab from
the sampling stations during dry and rainy season. (Fig 14a & b).

The ANOVA revealed that the variation in activity of CAT within the hepatopancreas, gill,
‘gonad and muscle of C. amnicola from Makoko, Okobaba, Iddo, Ajah, Ikoyi and Mid-Lagoon
differed significantly (p<0.05) and (p<0.01) between the stations.

Hepatopancreas: Catalase (CAT) activity in Hepatopancreas were generally low, but the highest

was at Mid-lagoon (0.43 = 0.08umol/mL) and lowest at Okobaba (0.001 + 0.0007umol/mL) during
dry season. In the rainy season the highest value was at Mid-lagoon (0.58 + 0.08 umol/mL) and
lowest at Makoko (0.002 £0.0009 umol/mL).

Gill: Catalase activity were highest in gill of crab from Ajah (14.18 + 9.32 umol/mL) and lowest
in gill of crab from Okobaba (7.47 £ 6.06 umol/mL) during dry season. In the rainy season the

highest activity were in gill of crab from Mid-lagoon (14.55 + 1.91 umol/mL) and lowest at Ikoyi
‘s crab pancreas (3.65 = 2.03 umol/mL).

Gonad: Catalase activity were highest in gonad of crab from Mid-lagoon (14.18 £ 5.69 umol/mL)

and lowest in gonad of crab from Ajah (6.73 +3.60 umol/mL) during dry season. During rainy
season the highest catalase activity were in the gonad of crab from Mid-lagoon (15.35 +1.50

umol/mL) and lowest at Ajah‘s crab pancreas (5.77 £2.04 umol/mL).

Muscle: Catalase activity were highest in muscle of crab from Mid-lagoon (13.16 £ 0.74

umol/mL) and lowest in muscle of crab from Makoko (5.55 £3.79 umol/mL) during dry season.
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In the rainy season, the highest activity were in muscle of crab from Mid-lagoon (13.24 + 0.92

umol/ml) and lowest at Ajah’s crab hepatopancreas (4.67 + 1.52 umol/mL).

4.8.3 Crab Organs and Glutathione Peroxidase Activity

Activity of this enzyme was detected in Hepatopancreas, gill, gonad and muscleof blue crab from
the sampling stations during dry and rainy season.(Figl5a&b)

The ANOVA revealed that the variation in activity of GPx in the Hepatopancreas, gill, gonad
and muscleof C. amnicola from Makoko, Okobaba, Iddo, Ajah, Ikoyi and Mid-Lagoon differed
significantly (p<0.05) and (p<0.01) between the stations.

Hepatopancreas: Glutathione peroxidase (GPx) activity was highest in Hepatopancreas of crab
from Ajah (5.68+ 0.55umol/mL) and lowest in Hepatopancreas of crab from Mid-lagoon (4.91+

0.34 pmol/ml) during dry season. During rainy season, the highest activity was in
Hepatopancreas of crab from Mid-lagoon (5.05+0.52umol/mL) and lowest in hepatopancreasof

crab from Makoko (4.78+ 0.20 umol/mL).

Gill: Glutathione Peroxidase activity was highest in gill of crab from Makoko (5.37+0.76
umol/mL) and lowest in gill of crab from Mid-lagoon (5.14+ 0.37 umol/mL) during dry season.
In the rainy season, the highest activity were in gill of crab from Mid-lagoon (5.38+ 0.39

umol/mL) and lowest at crab from Okobaba pancreas (4.78 £0.13 pumol/mL).

Gonad: Glutathione Peroxidase activity were highest in gonad of crab from Makoko (5.47+0.65
umol/mL) and lowest in the gonad of crab from Mid-lagoon (4.93 +0.48 umol/mL) during dry

season. During rainy season, the highest activity were in gonad of crab from Iddo (5.25+ 0.38

umol/mL) and lowest at Ajah’s crab hepatopancreas (4.89+0.15 umol/mL).

Muscle: Glutathione Peroxidase activity were highest in muscle of crab from Makoko (5.45+

0.85 umol/mL) and lowest in muscle of crab from Mid-lagoon (5.21+ 0.54 umol/mL) during dry
season. In the rainy season, the highest activity were in muscle of crab from Ajah(4.98+ 0.02

umol/mL) and lowest at Mid-lagoon’s crab hepatopancreas (4.87+0.13 umol/mL).
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4.9.4 Crab Organs and Reduced Glutathione Activity

Reduced Glutathione (GSH) concentration was shown in hepatopancreas, gill, gonad and
muscleof blue crab from the sampling stations during dry and rainy season (Fig 16a&Db).

The ANOVA revealed that the variation in activity of GSH in the hepatopancreas, gill, gonad
and muscleof C. amnicola from Makoko, Okobaba, Iddo, Ajah, Ikoyi and Mid-Lagoon differed
significantly (p<0.05) and (p<0.01) between the stations

Hepatopancreas: Reduced Glutathione (GSH) concentration were highest in Hepatopancreas of
crab from Ikoyi (1.92 = 1.65 Umol/mL) and lowest in hepatopancreas of crab from Iddo

(0.77+0.28 Umol/mL) during dry season. During rainy season, the highest concentration were in
hepatopancreas of crab from Ajah(1.59+ 0.98 Umol/mL and lowest at Mid-lagoon’s crab
hepatopancreas (0.704 0.11 Umol/mL).

Gill: Reduced glutathione (GSH) concentration were highest in gill of crab from Ikoyi
(0.94+0.32 Umol/mL) and lowest in gill of crab from Mid-lagoon (1.07+ 0.21 Umol/mL) during
dry season. In the rainy season, the highest concentration were in gill of crab from Mid-lagoon

(1.13£ 0.30 Umol/mL) and lowest at Okobaba‘s crab gill (0.54+ 0.04 Umol/mL).

Gonad: Reduced glutathione (GSH) concentration were highest in gonad of crab from Ajah
(1.47+1.02 Umol/mL) and lowest in gonad of crab from Ikoyi (0.89 &+ 0.38 Umol/mL) during dry
season. During rainy season, the highest concentration were in gonad of crab from Mid-lagoon

(1.12 £ 0.29 Umol/mL) and lowest at Ajah‘s crab gonad (0.61+ 0.04 Umol/mL).

Muscle: Reduced glutathione (GSH) concentration were highest in muscle of crab from Iddo
(1.01« 0.32 Umol/mL) and lowest in gill of crab from Ajah (0.84+0.27 Umol/mL) during dry
season. During rainy season, the highest concentration were in muscle of crab from Makoko

(1.16£ 0.69 Umol/mL) and lowest at Ajah’s crab muscle (0.64+ 0.09 Umol/mL).

4.9.5 Crab Organs and Lipid Peroxidation Concentration
Lipid Peroxidation (MDA) concentration shown in hepatopancreas, gill, gonad and muscleof

blue crab from the sampling stations during dry and rainy season (Figl7 a&b).
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The ANOVA revealed that the variation in activity of MDA within tissues of the hepatopancreas,
gill, gonad and muscleof C. amnicola from Makoko, Okobaba, Iddo, Ajah, Ikoyi and Mid-
Lagoon differed significanlty (p<0.05) and (p<0.01) between the stations

Hepatopancreas: Lipid Peroxidation concentration were highest in Hepatopancreas of crab from
Iddo (42.74 £ 4.60 nmol/mL) and lowest in hepatopancreas of crab from Mid-lagoon (14.52 +
0.52 nmol/mL) during dry season. During rainy season, the highest concentration were in
hepatopancreas of crab from Okobaba (43.42 + 4.36 nmol/mL) and lowest at Mid-lagoon’s crab
pancreas (13.69 + 1.39 nmol/mL).

Gill: Lipid Peroxidation concentration were highest in gill of crab from Iddo (22.25 + 2.53
nmol/mL) and lowest in gill of crab from Mid-lagoon (9.87 + 2.30 nmol/mL) during dry season.

In the rainy season, the highest concentration were in gill of crab from Iddo (23.02 + 3.49

nmol/mL) and lowest at Mid-lagoon’s crab gill (11.19 + 1.66 nmol/mL).

Gonad: Lipid peroxidation concentration were highest in gonad of crab from Ajah (29.14 + 6.92
nmol/mL) and lowest in gill of crab from Mid-lagoon (10.13 £ 2.30 nmol/mL) during dry season.
During rainy season, the highest concentration were in gonad of crab from Iddo (43.95 + 30.68

nmol/mL) and lowest at Mid-lagoon’s crab gonad (12.70 + 0.79 nmol/mL).

Muscle: Lipid peroxidation concentration were highest in muscle of crab from Makoko (23.09 +
4.30 nmol/mL) and lowest in muscle of crab from Mid-lagoon (12.46 + 1.88 nmol/mL) during
dry season. During rainy season the highest were concentration were in muscle of crab from

Ajah (22.75 £ 4.05 nmol/mL) and lowest at Mid-lagoon’s crab muscle (13.73 + 1.83 nmol/mL)

4.10 Relationship between Oxidative Stress Parameters Activity and Heavy Metal
Concentration in Crab Organs.

The relationship between the heavy metal exposures and oxidative stress parameters response in

blue crab organs from the sampling stations showed significant correlation especially in

hepatopancreas, gill and heavy metal concentration.
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Hepatopancreas: In hepatopancreas of sampled crab, zinc showed positive correlation (p<0.01
and p<0.05) with SOD, CAT, GPx, and MDA, but showed negative association with GSH
activity. Lead concentration in crab from sample stations showed positive association (p<0.01
and p<0.05) with GPx, and MDA, and showed negative correlation with SOD, CAT, GSH
activity. Cadmium and Copper showed negative correlation with all the antioxidant biomarker

used.

Gill:  Zinc and copper of crab from sample stations showed positive correlation (p<0.01 and
p<0.05) with all antioxidant parameters, but Cu showed negative associationto CAT within
sample stations. Cadmium and Lead showed negative correlation with all the antioxidant

biomarker used.

Gonad: Zinc concentration of crab from sample stations showed positive correlation (p<0.01 and
p<0.05) with SOD, GPx, GSH and MDA of crab and negative correlation with CAT in the
sample stations. Cadmium, lead and copper showed negative correlation with all the antioxidant

biomarker used

Muscle: Cadmium concentration of crab from sample stations showed positive association
(p<0.01 and p<0.05) with CAT, and MDA of crab and negative correlation with SOD, GPx, and
GSH in the sample stations. Zinc concentration of crab showed positive association (p<0.01 and
p<0.05) with MDA, and negative correlation with SOD, CAT, GPx, and GSH,. copper
concentration of crab showed positive association (p<0.01 and p<0.05) with GPx and MDA, and
negative correlation with SOD, CAT and GSH. Lead showed negative correlation with all the

antioxidant biomarker used in all sample stations.
4.11 Histopathology of Blue Crab (C. amnicola) Organs

Sections of tissues from Mid-lagoon, Makoko, Okobaba, Iddo, Ajah, and Ikoyi sampling stations

respectively are shown in plate 5 (A-F).
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Plate SA-F: Histopathology of Hepatopancreas of Blue crab from different Sampling Stations: (A)
Mid-lagoon (Control), (B) Makoko, (C) Okobaba, (D) Iddo, (E) Ajah, and (F) Ikoyi. MV multiple
vacuolations, LV large vacuolation , NCR Necrosis, HP hepatocytes, SM small vacuolation, EP
encysted parasite, V vacuolation, L. lumen, elongated or distended lumen (long thick arrow),
rupture of basal lamella (short thick arrow) , infiltration of hemocytes (short white arrow).
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4.11.1 Hepatopancreas

Mid-lagoon: Hepatopancreas of crabs sampled from the Mid-lagoon revealed unaltered lobular
and tubular arrangement of hepatocytes with intersperse vacuolations, the hepatocytes were
separated with connective tissues rich in red inclusion cells. The tubule epithelium contains
blister-like cells, embryonic cells and absorptive cells. (Plate 5A).

Makoko: The pathological changes in hepatopancreas of crabs obtained from Makoko included
extensive disruption of tubular and connective tissues with multi-focal occurrences of
vacuolation, elongated haemocytes with distended lumen and damage to the myoepithelial layer.
(Plate 5B).

Okobaba: The hepatopancreas of crabs from Okobaba reflected the effect of saw-mill waste
pollution. The hepatocytes were infected with an encysted parasite (EP); double layer cyst wall
diagnostic of hydrated (Echinococcus granulossus). The infection contributed to the loss of
tubular hepatocytes (HP) arrangement, multiple vacuolation, necrosis of tissue and loss of
connective tissues observed (Plate 5C).

Iddo: The vacuolated hepatocytes with lumen structure were still observed in the hepatopancreas
of crab from Iddo. The connective tissues with red. inclusions cells were also observed as
reported in Hepatopancreas of crab from Mid-lagoon, but vacuolation of the tissue was evident

asobserved in crab from Makoko and Okobaba. (Plate 5D).

Ajah: There were less crowded hepatocytes with loss of connective tissues, some other tubule
cells, and vacuolation of tissue within the hepatocytes were observed in the hepatopancreas of
crab from Ajah (Plate SE).

Ikoyi: In crabs from lkoyi, the hepatopancreas showed changes which included loss of normal
glandular and tubular shaped hepatopancreas seen in hepatopancreas of crab from Mid-
lagoon(Plate 5A), with large and multiple vacuolation and distended lumen, as observed in

necrosis, pknotic nucleus and embryonic zone (Plate 5F).

4.11.2 Gill
Mid-lagoon: There were intact gill lamella or filament in the gills of crab from Mid-lagoon; both
primary and secondary gill lamella were closely packed and covered with a thin layer of cuticle

which attached properly. Ionocytes were also present (Plate 6A).
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Makoko: The gills of crab from Makoko showed changes such as collapsed gill lamella due to
the distruption of pillar cells with detached cuticle and severe hyperplasic tissue, including
lamella necrosis in gill tissue (Plate 6B).

Okobaba: The changes observed in gills of crabfrom Okobaba were thickened gill lamella with
detached cuticle caused by distruption of pillar cells, and massive hemocytic infiltration.
Hyperplasia, necrosis of filaments, intralamellar space and loss of gill structure are also noticed
(Plate 6C).

Iddo: The following changes were observed in gills of crab from Iddo; loss of primary lamella
(pillar cells) which resulted in the collapse of gill lamella with detached cuticle and inter lamella
space (Plate 6D).

Ajah: Gills of crab from Ajah showed closely packed lamella with pillar cells covered with intact
cuticle layer and ionocytes were observed.(Plate 6E ).

Ikoyi: The histopathological changes observed in gills of crab from Ikoyi were; epithelial
necrosis, hyperplasia and enlargement of secondary gill lamellae. There are evidences of cuticle
detachment and ruptured capillaries which released hemocytes at the epithelial lining of the

secondary gill lamella (Plate 6F).

4.11.3 Gonad

Mid-lagoon:The gonad of crab from Mid-lagoon showed matured vitellogenic oocytes with
numerous follicle cells, and highly regular appearance of the oocytes matrix. (Plate 7A).

Makoko: The gonad of crab from Makoko, showed early vitellogenic oocytes, loss of primary
oocytes and nucleus in the follicle cells. Infiltration of follicle cell membrane with hemocytes
forming thickened wall are visible. Necrosis and abnormal enlargement of follicle cells, ruptured
primary oocytes were observed (Plate 7B).

Okobaba, Iddo, Ajah: The gonad of crab from Okobaba, Iddo, Ajah showed epithelium lumen
filled with eosinophilic secretions. The gonad tissues showed epithelium lumen filled with

eosinophilic secretions; these secretions are dead cells.

Ingonad of crab from Iddo, Ajah, and Ikoyi.The basophilic patches or secretion showed in gonad

of Ajah crabs were small packets secreted for separation and compartment (Plate 7D).
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Plate 6A-F: Histopathology of Gills of Blue crab from different Sampling Stations: (A)
Mid-lagoon(Control), (B) Makoko, (C) Okobaba, (D) Iddo, (E) Ajah, and (F) Ikoyi. DTC
detached cuticle, HYP severe hyperplasia, NCR necrosis, DP distruption of pillar cell,
P/PL pillar cell,LIC ionocytes, CT cuticle layer intact ,SL secondary lamella or filament, PL
primary lamella, H hyperplasia inter lamella space (short arrow).
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Plate 7A-F: Histopathology of Gonad of Blue crab from different Sampling Stations: (A)
Mid-lagoon(Control), (B) Makoko, (C) Okobaba, (D) Iddo, (E) Ajah, and (F) Ikoyi. EES
early eosinophilic secretions, BP basophilic patches or secretion,VD vacuolar degeneration,
NCR extensive necrosis, DFC deformation of follicle cells, DPO disruption of Primary
oocytes.
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4.11.4 Muscle

Mid-lagoon:In crab from Mid-lagoon, the muscle tissue showed striated muscle structure with
nuclei present and early stage of hyalinization. (Plate 8A).

Makoko: In the muscle of crab from Makoko, the muscle tissues were not intact with loss of
striation, loosened muscle bundle, large vacuole, and gap formation between the muscle bundles.
(Plate 8B)

Okobaba: Similar changes was also observed in muscle of crab from Okobaba, except
fragmentation and fusion of muscle bundle (Plate 8C).

Iddo: The muscleof crab from Iddo crab showed equally spaced muscle bundles with
characteristics striation, nuclei were not conspicuous and the epidermis disintegrated (Plate 8D).
Ajah: In muscle of crab from Ajah , the muscle tissue showed large hyalinization, large vacuole
and formation of lacunae within muscle strands, and loosened muscle-bundles. (Plate 8E).

Ikoyi: Histopathological changes in muscle from Ikoyi crab showed loss of striated muscle

structure and hyalinization.

Fusion and necrosis of muscle tissue, disruption, congestion of fibres with interrupted striation
and complete absence of nuclei.(Plate 8F).

Disrupted tissue architecture highlighted in different tissues i.e. the hepatopancreas, gill, gonad
and muscle of blue crab from Makoko, Okobaba, Iddo, Ajah and lkoyi were the reflection of

pollution status or toxicity effect of heavy metals in the study area.
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Plate 8A-F: Histopathology of Muscle of Blue crab from different Sampling Stations: (A) Mid-
lagoon (Control), (B) Makoko, (C) Okobaba, (D) Iddo, (E) Ajah, and (F) Ikoyi. SK skeletal muscle
strand, LMB loosen muscle bundle, FMB fusion of muscle bundle, LV large vacuole, GF gap
formation, NMB necrosis of muscle bundle.CMB congestion of muscle bundle, CN congestion of
nuclei, DE disintegrated epidermis, SMB striated muscle bundle, H hyalinization, F fragmentation,
IH infiltration of hemocytes.

97



CHAPTER FIVE
DISCUSSIONS

The aquatic environment receives daily substantial amounts of environmental pollutants
including heavy metal pollutants from point and non-point sources. These pollutants are capable
of inducing oxidative stress in aquatic biotaby means of ROSgenerated within tissue (Halliwell
and Gutteridge, 1999), this was confirmed by the findings of the present study. Documented
metal contaminants observed presently included Cd, Pb, Zn and Cu, and could therefore be
responsible for oxidative stress induced in crab organ. Metals modulate ROS through either
redox cycling or antioxidant disruptions (Halliwell and Gutteridge, 1999 and Ercal ef al., 2001).
This situation, where ROS overwhelm antioxidant defenses leading to subcellular damage, is
called oxidative stress (Kelly et al., 1998).

The uptake of these pollutants by aquatic organisms can be from sediments, suspended
particulate matter with toxic properties, and food sources. Exposure to these contaminants will
depend on the particular dietary and ecological lifestyles of the aquatic organisms (Livingstone,
2003 and Athanasios etal., 2006). Antioxidants are biomolecules that function as scavengers of
free radicals. Most antioxidant biomarkers bind and inactivate the free radicals, forming
innocuous end products such as water. Thus, antioxidants protect against oxidative stress and
prevent damage to cells bymeans of antioxidant systems which scavenge or eatup free radical in
order to abate cellular injury and sustain physiological stability within cells(Chow, 1988;
Kirchin, Mooreet al., 1992; Filho et al., 2001).

Physico-chemical Parameters

The daily and seasonal fluctuations of physico-chemical properties in aquatic habitats also
predispose aerobic organism in such habitat to oxidative stress. These are fluctuations in
temperature, salinity and concentration of dissolved oxygen (Lesser, 2006). The season and
anthropogenic activities in and around the environment, also influence and vary the range of
physico-chemical parameters in aquatic environments, including Lagos Lagoon in particular
which is 3m deep except for the dredged areas. The inflow of water from rivers and creeks into

the lagoon during raining season, also affect the physical properties (Hill and Webb, 1958). The
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inflow of salt water from the Atlantic coast through Commondore Channel, also affect the
salinity of this part of the Lagoon.

Insignificant increase in water temperature recorded in all the sample stations except
Mid-lagoon, may be impinged on heat generated from the decomposition of organic matter and
other anthropogenic activities reported in the sample stations except in Mid-lagoon. This was
similar to reports given by Fafioye et al., (2005) who worked on Omi water body, Ago iwoye,
Ogun state, Nigeria. Similar observation was reported by Babalola and Agbebi (2013) who
examined the physico-chemical characteristics and water quality of Kuramo Lagoon, Lagos,
Nigeria. Surface water temperature influences key biogeochemical processes such aslevels of
dissolved oxygen, organic contaminant degradation and resultant availability of metabolites
which inturn determine risks to reproductive activities and rate of metabolic function

Significant higher DO recorded in Ajah than recorded in other stations, which is also
above NESREA and WHO standard limit are reported common effects of anthropogenic activity,
like dredging which was ongoing at the time of the present study; disruption of natural habitat
and death of some organisms, biological processes involve in organic matter breakdown could
explain the observed rise in DO to level above 6. Dimowo (2013) in studying some
physicochemical parameters of surface water in River Ogun (Abeokuta,Ogun State, in
Southwestern Nigeria)reported similar findings.

Higher salinity recorded in Iddo, Ikoyi, Okobaba and Makoko respectively than Ajah and Mid-
lagoonmay be attributed to influx of sea water from Commondore Channel which is very close to
these stations. The significant alkaline pH recorded in all the stations in this study can be
attributed to the buffering effect of the coastal waters (Olaniyan, 1969).

The lower Biological Oxygen Demand (BOD) than the reported standard limit, recorded in all
sample stations suggest a high variation in dissolved organic matter concentration in all the
sample stations. In addition, this may suggest influence of periodic discharge of sewage
containing varying amounts of biodegradation substances. This was also reported by Babalola
and Agbebi (2013), who examined the physicochemical characteristics and water quality

assessment of Kuramo Lagoon, Lagos, Nigeria.
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Heavy metal Concentration in Crab organs, sediment and water

The significant variation in Cd, Pb, Zn and Cu concentration in the blue crab organs with
increasing concentration ranging from hepatopancreas followed by gonad, gill and muscle,
though falling above the NESREA and WHO permissible limit and Zinc concentration in the
gills from all the stations, gonad and muscle from Mid-lagoon and muscle from Okobaba falling
within NESREA permissible limit were confirmation of the major functional differences in the
organs in terms of membrane permeability and enzyme system. The variation is also an
indication of the degree to which particular species pick up particulate matter from surrounding
water and sediments in particular while feeding.
Higher concentration of metals recorded within hepatopancreatic tissue is in line with its
function as a digestive organ that detoxifies pollutants and its high sensitivity to physiological
and environmental changes. The hepatopancreas is also a site of bio-transformations. Several
reports earlier confirmed that bioaccumulation of heavy metals was more in hepatopancreas than
other tissues (Bunt, 1986; Vijayaraman et al.,1999among others). The highest Pb concentration
found in Hepatopancreas from Okobaba may be attributed to the presence of saw-mill industries
that use engines powered by fuel, and burn wood waste (saw-dust), as explained by Narayanan
(2011) who reported that such wood industry activities are sources of Pb. Hepatopancreas is a
digestive organ that detoxifies contaminants or xenobiotics in the crab organs. Gill as a
respiratory tissueinteracts directly with surface water aquatic environment, so they are easily
exposed to pollution directly and are responsible for other vital physiological functions like
excretion, acid base balance and ion regulation.
The highest Zinc concentration (p<0.05) recorded in hepatopancreas from Ajah may be as a
result of the sedimemt mixing up due to on-going local and industrial dredging in the station.
Narayanan (2011) reported the major sources ofZinc in aquatic environment is through mining
and industrial waste. Zinc is a metal of biological importance, but when it is above permissible
limit, it becomes toxic to the organism. However, Zn concentration during the present study was

above NESREA and WHO standard limit in all stations except control station.

The highest Cu and Cd concentration (p<0.05) recorded in gonad of the crab from Makoko
station may be attributed to diverse anthropogenic activities being residential areas and domestic

waste generated from the activities like direct defecation, disposal of solid waste (like nylon bag,
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paper bag, plastics and so on), fishing activities, and most of which generate organic and
inorganic waste which are possible sources of Cu and Cd. Additionally, higher incidence of Cd
in the gonad tissue of blue crabs from Makoko, reflects the polluted state of the environment in
the availability, uptake and subsequent retention of trace metals in the tissue of crab. It has been
reported that the uptake of pollutants such as trace metals in water can be direct via an
integumentary system trapping of adsorbed trace metals in suspended particulate matter, or by
preying on organisms with accumulated levels of these trace metals (Brucka-Jastrzebska 2010;
Letendre, et al., 2012). Ziki¢ et al. (2001) documented the relationship between altered
physiological conditions and pathological outcomes in the gold fish Crassius auratus gibelio and
the induction of oxidative stress following the species’ exposure to varied concentrations of Cd.
Studies on vertebrates exposed to dietary Cd revealed extensive damage to the ovary (Massanyi
et al., 2005; Yang et al., 2012). Other studies demonstrated reprotoxic effects such as follicular
atresia in the vertebrate ovary (Massanyi and Uhrin, 1996), degenerative alterations in testes
(Massanyi et al., 2002; Toman and Massanyi 2002) and decreased motility of spermatozoa
(Lukac et al., 2003; Massanyiet al., 2004). Massanyi et al. (2005) demonstrated negative effects
of cadmium on the ovarian structure and reported a reduction in the primary follicle count after

the intraperitoneal administration of cadmium.

The result of the analysis in the present study has shown that the crab C. amnicolacan be used
as a bio-indicator of pollution as it contains variable levels of the metals analyzed with high
enrichment of Cu, Pb, Cd and Zn observed. Distribution and accumulation of heavy metals in
crab organs vary widely depending on size, sex, growth stage, molting, migration, season of
sampling, metal bioavailability, hydrodynamics of the environment, changes in tissue
composition and reproductive cycle. Crabs examined in the present study have very similar diets;
they are all omnivores which feed mainly on invertebrates like: shrimp, as well as bivalve and
vegetation. The difference in the foraging grounds of these crabs could have led to variations in
prey size and ultimately, variation in metals intake. Crabs also spend more time in shallow
waters, estuaries and coastal areas where anthropogenic metals are infinitesimal. Dissimilar
levels of heavy metal in organs of this species is not abnormal, and could be attributed have also

contributed to the different functions and metabolic specialty of each organ.
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The concentrations of Cu significantly exceeded (p<0.05) other metals in the water sampled
suggesting the influence of inappropriate disposal of radioactive waste, soil parent materials,
sludge, industrial effluents, fertilizers in agricultural runoff and atmospheric fallouts in the
surroundings as explained by Adeleyeet al. (2011).

Expectedly, the highest concentration of Zn, Cu, Cd and Pb (p<0.05) found in the sediment,
followed by crab organs (Hepatopancreas, gills, gonad and muscle) and least in water may be
because sediments, according to Kakulu and Osinbanjo (1988) and Don-Pedro et al. (2004),
often acts as a receptacle for any waste materials or pollutants dropped in aquatic environments.
Furthermore, the highest concentration of Pb, Zn and Cu (p<0.05) recorded in sediment from
Iddo may be due to the fact that Iddo is a point source that receives sewage from different
residential areas through septic tankers on a daily basis according to reports by Oyewo et al.
(2009). It may also be due to clay-like materials that form the Iddo sediment structure, as well as
the grain size of these materials. This was also reported by Odiete (1999), affirmed the role of
sediment as a majorenvironmental matrix for metal retention.

The concentration of Cd was generally low. However, it was notably higher (p<0.05) for
sediment sampled within Makoko (p<0.05) than sediment from other stations. Effluent inflow
and artisanal handwork/workmanship from the coastal community may be implicated as possible

sources for this metal.

The fact that crabs consume organic substances present in the bottom of sediments of aquatic
systems, makes them good biomonitors for pollutants presents in the ecosystems. It is also an
important fact that the crab species represents a source of both income and nourishment to the
marginal population. Differences in heavy metals concentrations among the crab species is likely
to have resulted from metal bioavailability, hydrodynamics of the environment, changes in tissue
composition, reproductive cycle, different feeding mechanism, temperature, salinity, stations of
collection and sources of pollution within the Lagos Lagoon (Adeleye ef al., 2011). The high
concentration of heavy metals in commercially important crustaceans sampled from the Lagos
Lagoon is a cause of concern and calls for regular monitoring of water quality around the point
sources within the Lagos Lagoon. The fact that crab consumption is a main source of heavy
metal in-take in people not occupationally exposed, amplifies the need for preventive measures

to safeguard public health.
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Heavy Metals Uptake Pattern in C amnicola in relation tothe Sample Stations

The biplots of metal concentration in hepatopancreas which is closely connected at the tip of
ellipses of the Mid-lagoon and other station and the biplots of metal concentration in gill and
gonad of C. amnicola which are distinct ellipse indicate that the uptake patterns of metals in
hepatopancreas, gill and gonad of C. amnicola from mid-lagoon was different from uptake
patterns of metals in hepatopancreas gill and gonad of crabs from other stations.

The distinct uptake patterns of heavy metals observed in hepatopancreas, gill and gonad of crab
from Mid-lagoon and other stations may be attributed to the sediment texture and composition
including grain size, organic matter content.Distributionof grain sizes has been reported to
influence trace metal levels and uptake in coastal environments (Luoma, 2000). Reports have
demonstrated that trace metals reside mostly in the silt/clay matrices of sediment, i.e. particles
with size <0.063 mm (Krumgalz et al.,1992). Also, the organic matter content of sediments
increase as the sediment texture becomes finer (Williamson & Wilcock, 1994; Denton et
al.,2001). The presence of organic matter can potentially increase metal concentrations in
sediment by adsorption of metals from surrounding environment onto organic material (Loomb,
2001). Also dead organisms in sediments may carry the heavy metals with them, either taken in
by the organism while alive or sorbed on to the animal before or after death (Fergusson, 1990)

and this contribute directly to the metal levels in the sediments.

Pollution Load Index

Reports interpreting the significance of the PLI values of an environment have demonstrated that
index-values less than one portray an environment that is relatively undisturbed by human
activities, or highly diluted conditions and dispersed metal content with furtherancefrom point
sources; values greater than one portray a ongoing environmental deteriorationtraceable to
various scale of ongoing anthropogenic activities (Suresh et al., 2011). Thus the PLI values
recorded for this study which ranged between 0.38 in Ikoyi and 1.9 in Makoko during dry season
and between 0.3 in Ajah and 1.5 in Iddo during wet season, depict that the dry season was a more
polluted period for the stations compared to the wet season. The differential trend of the PLI for
the study stations across seasons suggests that the higher trends in the dry season and lower
trends in the wet season observed in the Makoko and Okobaba stations may be attributed to the

higher effect of point-sources of pollution during the dry season and dilution of point source
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effects during the wet season. The difference in indices results in Iddo station which showed a
reverse trend with higher pollution load in the wet season compared to the dry season may be
attributed to relative sensitivity of indices for contaminants in sediments. The higher PLI (>1)
recorded in Makoko, Okobaba and Iddo confirmed that these stations experienced active input of
industrial contaminants, sewage and other anthropogenic waste discharged in stations. Elsewhere
Kamaldeen and Wahab. (2011), similar indices were applied for regional evaluation of

ecological health.

Biota-Sediment Accumulation Factor (BSAF)

The incidence ofrelatively higher concentrations of metals in sediment compared to surface
water has been documented by Bower (1979), Fabris et al. (1994), Lau et al. (1996, 1998),
Besada et al. (2001) and Eja et al. (2003) among others. Sediment functions as a key meatl-
depository carrying more than 90 percent of total incidence of metals in aquatic systems (Odiete,
1999). Expressionmetal incidence using the of biota-sediment accumulation factor (BSAF) is
useful when comparing the order of uptake of metals. The observed higher BSAF in crab gills
indicates that gills has a high potential to concentrate heavy metals (Ademoroti, 1996; Odiete,
1999; Eja et al., 2003).

The high BSAF greater than one indicates that a considerable amount of trace metal in gill of C.
amnicola was taken-up from sediment reserves and were tending towards bioaccumulation. The
higher Cu BSAF recorded in gill at Ikoyi may be attributed to the nature and constituent of
anthropogenic waste deposited in the station.

The indication of the result is that different environments presented circumstances that allow for
the uptake, retention, and loss of contaminants by the blue crab. Reports have shown that
although aquatic biota are able to regulate and control metal levels in tissues through selective
uptake, storage, detoxification, or any combination (Depledge and Rainbow, 1990; Mason and
Jenkins, 1995), the extent or efficiency of regulation achieved by the organism is often a function
of bioavailability of the metal within the ecosystem and tissue affinity (Sears, 2013). In addition,
biota often actively regulates metal bioaccumulation via saturable kinetics and dynamic feedback
systems that respond to environmental loading and maintainance of homeostasis (Wood, 2001).

As such, high metal concentrations recorded in most of the crab samples may be a reflection of

104



the organism’s inability to regulate uptake efficiently due to the overwhelming concentrations in
the Lagos Lagoon environment.

Condition Factor

The significantly higher mean condition factor index (CF) of C. amnicolain the mid-lagoon
arearelative to the samples in other stations suggest that blue crabs from stations (representing
stations adjacent to land areas) other than the mid-lagoon had a significantly lower measure of
physiological condition indicating a generally lower physiological fat storage, a possible
implication of lower food intake, decreased availability of quality prey organisms, or sub-optimal
metabolic capacity y due to environmental stressors. Similar observation was also reported by
Adeogun et al. (2012) who noted relatively better condition factor in the un-exposed fish relative
to fish introduced into serial dilutions of industrial effluent. These authors reported induced
oxidative stress and reduction in growth. Fafioye et al., (2005) also reported lower and higher
condition factor in shellfishes and fin fishes collected from organochlorine pesticide polluted

areas of Lagos lagoon.

Oxidative Stess Parameters of crab organs
The significant low activity of SOD recorded in Hepatopancreas, gills, liver and muscle of blue
crab during dry and wet season in all stations sample except Mid-lagoon may be attributed to

SOD function.

The significant increase activity of catalase observed in gill, gonad and muscle of crab from all
the station during dry and wet season may be physiological adjustments following contaminant
exposures (Bebianno et al., 2004). Onset of stress reaction triggering massive progression of free
radicals which eventual disturb physiological balance in aerobic organism have been
documented (Yildirin et al. (2011). Similarly, CAT activity in the gill tissue may be on the basis
of direct contact with pollutant-laden surface waterand eventual xenobiotic uptake via its thin
epithelial cells (Farombi et al., 2007).

The low activity of CAT recorded in hepatopancreas from all station except Mid-lagoon, may be
attributed to the response of the organ antioxidant enzyme (CAT) to the increased concentration
of Pb and Zn recorded within hepatopancreatic tissue. The significant increases in CAT activity

and lower activity in SOD, demonstrate a ‘‘disturbance’” from heavy metal pollutants in the
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sample stations of Lagos lagoon reflecting the intensity of pollution in the area. But, these
induced antioxidant defense enzyme increases were not enough to reduce lipid peroxidation
(MDA) levels in the polluted stations, hence the significant increase in MDA.

Superoxide Dismuthase functions in the first line of antioxidant activity by rapidly converting
superoxide anion (O2-) to hydrogen peroxide (H202) so as to prevent it from participating in the
formation of harmful hydroxyl radicals, while CAT and GPx represents the next line of defense
aimed at eliminating H20O2 by-product from SOD reaction (Aitken and Roman, 2008).

Although GPx and CAT are notable in peroxidase activity, a higher incidence or predominance
of GPx in gonads has been reported (Peltola, et al.,1992 and Ziniand Schlegel, 1996) thus
suggesting tissue-specific antioxidant potentials and capacity.

The observed significant (p>0.05) decrease in the reduced glutathione detoxification system in
the crab gill may be attributed to the gill having as a primary contact point with environmental
pollutants thus signifying that the gill tissue provided a sensitive biochemical indicator of
environmental pollution. However, the decreased (p<0.05) GSH concentration observed in gills
of C. amnicola from Ikoyi during the dry season and Hepatopancreas of crab from Ajah during
the wet season may be hinged on aggravated oxidative damage due to greater trigger in
production of free radicals (Figure 8). This concurs with reportsof Doyotte et al. (1997) for
marine invertebrates interacting with unnatural levels of trace metalswithin ambient

environment.

The significant increase of lipid peroxidation levels (p<0.05) recorded in different organs of
C.amnicola collected across the study sites may be attributed to activities of antioxidant enzyme
up-regulated in the event of oxidative stress in different crab tissues due to exposure to heavy
metals. The significant increase in lipid peroxidation markers may also indicate the susceptibility
of lipid molecules to Reactive Oxygen Species and the extent of oxidative damage imposed on
these molecules. Therefore, oxidative damage occurs in the crab organs since the higher lipid
peroxidation is significant. The fact that CAT activity and lipid peroxidation concentration are
both elevated at the all sample stations except Mid-lagoon, suggest that there is excess of H,O,
which diffuses into the cells causing oxidative damage. Although CAT removes most of the
H,0; by increasing its activity levels, it cannot maintain a homeostasis with high concentration

of Cd, Pb, Zn and Cu in the hepatopancreas, gill, and gonad which generate HO" radicals,
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thereby causing increased concentration of lipid peroxidation. Therefore we conclude that
increase CAT activity in crab organs is not sufficient to eliminate H,O, before the formation of

hydroxyl radicals as it has been suggested by others (Bebianno et al., 2005).

The low antioxidant (SOD, GPx and GSH)activity documented for all tissues of blue crab
examined in this study,explains the high incidence of lipid peroxidation in the tissues of the blue
crab. Several studies have demonstrated increased incidence of lipid peroxidation in aquatic
biota exposed to elevated pollutant levels (Olakolu et al., 2012) and of contaminated sediments
(DiGiulio etal., 1993; Livingstone, 1993; Sole et al., 1996). Elevated lipid peroxidation was
observed by Filho et al. (2001) in cichlid fish taken from polluted sites, compared to clean sites.
Kamaldeen and Wahab have demonstrated increase in lipid peroxidation in gonads of white
suckers exposed to pulp and paper mill effluents as well as municipal sewage treatment plant
effluents. Increase in lipid peroxidation was observed in naphthalene exposed marine crab Scylla

serrata by Sole et al. (1996).

Oxidative stress previouslyassociated with several pathological features in mammals
(includingmutagenesis, atherosclerosisamong others (Neves et al., 2000) and in molluscs and
fish (Di Giulio et al., 1993). Various responses of crustaceans to pollutants included the lower
activities of SOD, GPx and GSH concentration in alltissues of blue crab examined observed
during dry season than wet season compared with activities in all stations except Mid-lagoon;
may be attributed to higher anthropogenic activities which increase the heavy metal pollutant
whichpenetrate through epithelial cells and increase the rate of ROS production and inhibit
homeostasis between the crab organs and the antioxidant enzymes. A similar trend of variation
was also reported by Filhoet al. (2001) and Doherty et al. (2010).

The antioxidant enzymes (SOD, CAT and GPx) and the oxyradical scavenger (GSH) appear to
be ineffective in providing protection to the tissues of blue crab since significant increases in
lipid peroxidation were observed in hepatopancreas, gills, gonad and muscle C. ammnicola
sampled from all the stations. Observations correlate with the report by De Zwartset al. (1997)
who demonstrated increase in lipid peroxidation in liver microsomes from rats and salmon
exposed to the iron ore mines leachate. Geret, Jouanet a/.(2002) also investigated increase lipid

peroxidation and antioxidant levels in gills of clams exposed to Cd. Peroxidation in muscle and
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liver tissues of fish was used to measure pollution by a petroleum refinery as reported by Avci et

al. (2005).

Histopathology of crab organs

The exposure of biota to sub-lethal levels of metals contaminants in their habitatcould
disruptcritical biochemical, physiological and histological features of the organism (Hermenean
etal., 2015).

The histopathological consequences ofparasites in tissue has also been highlighted from this
present study where early single-walled cysts were coincided withsevere lesions (granuloma, and
necrosis) in hepatopancreatic tissue of blue crabs from Okobaba areas. This feature represents a
first documentation of trematode cysts in crab tissue from any part of the Lagos lagoon. Early
cyst observed in three walled cyst reported in hepatopancreas of crab from Okobaba was similar
to spherical three layered cyst metacercaria of Microphallus species described by (Anantaraman
and Subramoniam, 1976).

Furthermore, the incidence of parasite cysts in hepatopancreatic tissue of blue crabs from
Okobaba may be attributable to decline in habitat quality. The environment is a determinant
factor of parasite transmission either directly, by enhancing or encouraging the survival of the
transmission stage (e.g. cysts, eggs, or free-living larvae i.e. cercariae) or indirectly, by
encouraging the distribution and survival of the host (intermediate or definitive) or vector; in
essence poor habitat quality due to the presence of pollutants could increase the likelihood of the

parasite and host coming into contact.

Histopathological changes in the hepatopancreas from the Okobaba and Iddo stations could be
traceable in theory to its tendency to take up xenobiotics as a detoxifying organ and metabolic
centre. The disrupted basal laminae within tubulesothepatopancreatictissue from Makoko and
Ajah suggest that tissue integrity was affected due to the increased Cd,Cu,and Zn pollution status
of the stations. Unaturalincidence of hemocytes in the interstitial sinuses of Iddo crab suggest the
milited functionality of cellular/host defense in response to the initial stages of tissue damage

(Bodhipaksha and Weeks-Perkins, 1994).
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The hepatopancreas is key in crustacean metabolic processes. Maharajan et al.,(2013) also
reported various tissue damage in fresh water crab exposed to high concentration of
Chloropyrifos and Cypermethrin (Nurocombi). Stenitiford and Feist (2005) also reported
concurrent changes in metabolic condition of the connective tissue storage cell status in the

presence of parasite load.

The structure of crab gills across stations differed so was and the severity of lesions; for
example, hyperplasic tissues and epithelial lifting indicateshort term encounter with
contaminants in surface water. These lesions have also been categoried as adaptive reactionsto
reduce xenobiotic uptake (Banerjee, 2007, Maharajan et al., 2013)The structural changes
(necrosis) in the gills of blue crabs from Okobaba, Iddo and Ikoyi are indicative of chronic stress
patterns as described by (Avci et al., 2005). Documented findings by Figueiredo-Fernandes et al.

(2007) onfirm reports that attribute severity of lesions to levels of toxicant exposure.

The pollution exposure and the effect on the antioxidant system might have resulted in the
lesions, haemocytes infiltration and dead cells that were observed in the gonads. Gonads had the
highest concentration of Pb and Cu, the histopathological result showed a reflection of the
pollution effect on the organ. The adverse effects on the proper function of gonad, was reported
to retard reproductive success and atimes prevent successful hatchlings (Lawal-Are and
Kusemiju,2010).In view of these past reports, there is possibility of induced oxidative stress in
crab following heavy metal pollutant effects in reproductive organ of the blue crab in the present

study.

In this study, the alterations in muscle pathology of C. amnicola from all the stations except Mid-
lagoon could be as a result of abrupt influence of heavy metal pollutants on muscle epidermis
abruptly. The observations in the present investigation is in line with a similar observation
reported by Tehrani et al. (2011). Das and Mukherjee, (2000) also reported induce separation of
muscle bundles and intracellular edema in the muscle tissues of fishsubjected to hexachloro

cyclohexane.
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CONCLUSION

The findings in the present study show that oxidative stress was induced in crab organs
(hepatopancreas, gill, gonad and muscle) sampled from the selectedstations from Lagos lagoon
(Makoko, Iddo, Okobaba, Ajah, Ikoyi) except Mid-lagoon.This was evidenced in the significant
elevationof lipid peroxidation concentration in hepatopancreas, gill, gonad and muscle tissue of
the blue crab during the dry and wet season and also, with notablylowconcentrations ofSOD,

CAT, GPx and GSH.

The induced oxidative stress observed in this study resulted from heavy metal effects in the blue
crab organs,which confirmed the fact that the studied sites around Lagos lagoon (Makoko,
Okobaba, Iddo, Ajah and Ikoyi) were polluted.However, blue crabs from these polluted stations
may not be ideal for consumption due to the observed concentration of heavy metal in the crab
organs which were higher than the acceptablelimit,in addition to the chronic threat it may pose to
human health along the food chain.Information on responses by antioxidant defence apparatus
including antioxidant enzymesin crab tissuesuggest possible usage of the blue crab as a reliable

and sensitive sentinelfor monitoring biota stress and general aquatic health.

Tissue alterations in hepatopancreas, gill and gonad, metal concentrations in tissue and their
positive association with lipid peroxidation, highlight the potential for contaminant to negatively
impact organism health via oxidative stress. The positive association between tissue alterations,
lipid peroxidation, and its negative association with antioxidant activity indicate that lowered
antioxidant activity predisposes tissues to oxidative stress. It is anticipated that the findings
specific for each area of the lagoon will spur improved management efforts towards better

strategies for conservation of the blue crab and other biota in the Lagos lagoon.
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CONTRIBUTION TO KNOWLEDGE
This study provided station-specific (as determined by the nature of waste received)information
on antioxidant responses, histopathological changes and bioaccumulation in tissues of
Callinectes amnicola(blue crab).
The study further provides a first report of antioxidant activity in blue crabs from Lagos lagoon
as a response to pollutant exposure in the lagoon and also a first report of histopathological

changes in the blue crab due to pollution in the Lagos lagoon.
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APPENDIX

Appendix 1: Occurrence of Pollution Load Index (PLI)

Study Stations PLI PLI
dry season rainy season

Makoko 1.90 0.87
Okobaba 1.19 0.6

Iddo 1.09 1.48
Ajah 0.72 0.27
Ikoyi 0.35 0.35
Mid-Lagoon 0.30 0.24

(Control station)
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Appendix 2a: Biota-Sediment accumulation factor of metals between Hepatopancreas of C.

amnicola and sediments from sampling stations in the Lagos lagoon

Makoko Okobaba Iddo Ajah Ikoyi Mid-lagoon

Cd 0.19 0.68 0.80 044 029 0.14
Pb 0.08 0.14 0.07 0.16 0.17 0.04
Zn 0.30 0.28 025 1.56 250 0.20
Cu 2.20 0.41 037 053 141 0.11

Highlighted values indicate values higher than hazard threshold i.e. BSAF=1

Appendix 2b: Biota-Sediment accumulation factor of metals between gill of C. amnicola

and sediments from sampling stations in the Lagos lagoon

Makoko Okobaba Iddo Ajah Ikoyi Mid-lagoon

Cd 0.30 1.65 031 0.28 0.16 0.05
Pb 0.08 0.09 032 0.07 0.16 0.04
Zn 0.68 0.17 0.15 032 0.66 0.09
Cu 1.08 0.83 0.56 1.20 10.52 0.39

Highlighted values indicate values higher than hazard threshold i.e. BSAF=1
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Appendix 2c: Biota-Sediment accumulation factor of metals between gonad of C. amnicola

and sediments from sampling stations in the Lagos lagoon

Makoko Okobaba Iddo Ajah Ikoyi Mid-lagoon

Cd 0.61 1.28 0.70 138 0.51 0.09
Pb 0.05 0.07 0.06 0.05 030 0.02
Zn 0.14 0.12 0.19 059 1.71 0.07
Cu 1.22 0.68 0.52 132 190 0.10

Highlighted values indicate values higher than hazard threshold i.e. BSAF=1

Appendix 2d: Biota-Sediment accumulation factor of metals between Muscle (flesh) of C.

amnicola and sediments from sampling stations in the Lagos lagoon

Makoko Okobaba Iddo Ajah Ikoyi  Mid-lagoon

Cd 0.13 0.56 1.14 032 0.11 0.10
Pb 0.07 0.14 0.07 0.05 0.11 0.02
Zn 0.16 0.09 0.18 053 122 0.11
Cu 0.30 0.19 0.16 0.77 0.53 0.08

Highlighted values indicate values higher than hazard threshold i.e. BSAF=1
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Appendix 3: ANOVA AND Descriptive Statistics for Physicochemical characteristics
ONEWAY MONTH AIR TEMPERATURE WATER TEMPERATURE DISSOLVED OXYGEN SALINITY
CONDUCTIVITY pH BOD ALKALINITY BY STATION/STATISTICS HOMOGENEITY BROWNFORSYTHE
WELCH /PLOT MEANS/MISSING ANALYSIS (p<0.05).

ANOVA
Sum of Squares df Mean Square F Sig.
MONTH gfxgzn 000 5 000 000 1.000]
Within Groups 858.000 66 13.000
Total 858.000 71
AIR_TEMPERATURE gfxg:“ 2.958 5 592 1.782 129
Within Groups 21.917 66 332
Total 24.875 71
WATER_TEMPERATURE gf:)vg;:n 6790 s 1358 543 189
Within Groups 58.083 66 .880
Total 64.875 71
DISSOLVED_OXYGEN gfg;gn 131.760 5 26.352 2919 019
Within Groups 595.759 66 9.027
Total 727.519 71
SALINITY gfx;:“ 1800.077 5 360.015 13.028 .000]
Within Groups 1823.830 66 27.634
Total 3623.907 71
CONDUCTIVITY gfxg:“ 3720.448 5 744.090 13.693 .000]
Within Groups 3586.395 66 54.339
Total 7306.843 71
pH Between 2.190 5 438 5913 000}
Groups
Within Groups 4.890 66 .074
Total 7.080 71
BOD gfx;:“ 34.545 5 6.909 3.397 .009
Within Groups 134.230 66 2.034
Total 168.775 71
ALKALINITY gfxg:“ 1859.325 5 371.865 8.198 o |
Within Groups 2993.670 66 45.359
Total 4852.995 71
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Robust Tests of Equality of Means

Statistic® df1 df2 Sig.
MONTH Welch .000 5 30.800 1.000]
Brown-Forsythe .000 5 66.000 1.000
AIR_TEMPERATURE Welch 1.604 5 30.647 .189
Brown-Forsythe 1.782 5 59.032 131
WATER_TEMPERATURE Welch 1.575 5 30.760 .196
Brown-Forsythe 1.543 5 63.464 .189
DISSOLVED_OXYGEN Welch 4.490 5 30.635 .003
Brown-Forsythe 2.919 5 55.977 .021
SALINITY Welch 14.679 5 30.546 .000
Brown-Forsythe 13.028 5 52.464 .000|
CONDUCTIVITY Welch 16.169 5 30.696 .OOO|
Brown-Forsythe 13.693 5 61.908 .000
pH Welch 5.337 5 30.704 .001
Brown-Forsythe 5.913 5 61.519 .000}
BOD Welch 3.439 5 29.565 .014
Brown-Forsythe 3.397 5 40.690 012
ALKALINITY Welch 20.738 5 30.086 .000
Brown-Forsythe 8.198 5 41.189 .000|

a. Asymptotically F distributed.

163



Appendix 4a: ANOVA AND Descriptive Statistics for Heavy Metals in Crab Organs
(Hepatopancreas, Gill, Gonad and muscle)

CADMIUM WITH THE BLUE CRAB

Descriptive Statistics

N Range | Minimum | Maximum Mean Std. Variance
Deviation
Statistic | Statistic | Statistic | Statistic | Statistic Std. Statistic Statistic
Error
HEPA 60 2 0 2 38 .057 439 192
GILL 60 6 0 6 41 110 .850 722
GONAD 60 9 0 9 1.02 162 1.252 1.568
MUSCLE 60 2 0 2 27 .043 336 A13
STATION 60 5.00 1.00 6.00( 3.5000( .22234 1.72224 2.966
V.ahd.N 60
(listwise)
Means
Eport

STATION HEPA GILL GONAD | MUSCLE

Mean 45 81 1.66 .36

N 10 10 10 10

Std. Deviation 291 1.976 2.542 .649

Minimum 0 0 0 0
MAKOKO .

Maximum 1 6 9 2

Std. Error of Kurtosis 1.334 1.334 1.334 1.334

Std. Error of Mean .092 .625 .804 205

Range 1 6 8 2

Mean .39 38 73 32

N 10 10 10 10

Std. Deviation .589 408 716 462
OKOBABA Mini.rnum 0 0 0 0

Maximum 2 1 2 2

Std. Error of Kurtosis 1.334 1.334 1.334 1.334

Std. Error of Mean .186 129 226 .146

Range 2 1 2 2
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IDDO

AJAH

IKOYI

MID-
LAGOON

Total

Mean

N

Std. Deviation
Minimum

Maximum

Std. Error of Kurtosis
Std. Error of Mean
Range

Mean

N

Std. Deviation
Minimum

Maximum

Std. Error of Kurtosis
Std. Error of Mean
Range

Mean

N

Std. Deviation
Minimum

Maximum

Std. Error of Kurtosis
Std. Error of Mean
Range

Mean

N

Std. Deviation
Minimum

Maximum

Std. Error of Kurtosis
Std. Error of Mean
Range

Mean

N

Std. Deviation
Minimum

Maximum

Std. Error of Kurtosis
Std. Error of Mean

Range

18
10
112

1.334
.035

43
10
448

1.334
142

57
10
677

1.334
214

.26
10
224

1.334
071

38
60
439

.608
.057

45
10
.549

1.334
173

27
10
219

1.334
.069

33
10
243

1.334
077

22
10
.062

1.334
.020

41
60
.850

.608
110

.90
10
.958

1.334
303

1.35
10
525

1.334
.166

1.02
10
981

1.334
310

44
10
283

1.334
.090

1.02
60
1.252

.608
162

19
10
.108

1.334
.034

31
10
127

1.334
.040

21
10
.187

1.334
.059

23
10
127

1.334
.040

27
60
336

.608
.043
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ANOVA Table

Sum of df Mean Square F Sig.
Squares
(Combined) 972 5 .194 1.011 420
Linearity .003 1 .003 .018 .893
Between Groups
Deviation from
HEPA * STATION Lincarity 969 4 242 1.260 297
Within Groups 10.381 54 192
Total 11.353 59
(Combined) 2.241 5 448 .600 .700
Linearity 1.542 1 1.542 2.064 157
Between Groups
Deviation from
GILL * STATION Lincarity .699 4 175 234 918
Within Groups 40.343 54 147
Total 42.584 59
(Combined) 9.577 5 1.915 1.248 .300
Linearity 3.238 1 3.238 2.109 152
Between Groups Deviation f
eviation from
GONAD * o 6.339 4 1.585|  1.032 399
STATION Linearity
Within Groups 82.909 54 1.535
Total 92.486 59
(Combined) 218 5 .044 367 .869
Linearity .096 1 .096 .805 374
Between Groups
Deviation from
MUSCLE * o 123 4 031 258 904
STATION Linearity
Within Groups 6.429 54 119
Total 6.647 59
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LEAD (Pb)

Means
Report

STATION HEPA GILL GONAD | MUSCLE
Mean 2.82 1.44 1.27 2.32
N 10 10 10 10
Std. Deviation 6.770 2.011 1.421 3.396
Minimum 0 0 0 0

MAKOKO
Maximum 22 6 4 11
Std. Error of Kurtosis 1.334 1.334 1.334 1.334
Std. Error of Mean 2.141 .636 .449 1.074
Range 22 6 4 11
Mean 5.17 3.17 1.14 1.44
N 10 10 10 10
Std. Deviation 7.668 2.080 .693 1.828

OKOBABA Mini@um 0 0 0 0
Maximum 24 8 2 6
Std. Error of Kurtosis 1.334 1.334 1.334 1.334
Std. Error of Mean 2.425 .658 219 578
Range 24 7 2 6
Mean 3.07 1.10 1.12 3.66
N 10 10 10 10
Std. Deviation 5.646 1.412 1.954 7.417

IDDO Mini.mum 0 0 0 0
Maximum 19 4 6 23
Std. Error of Kurtosis 1.334 1.334 1.334 1.334
Std. Error of Mean 1.785 447 .618 2.346
Range 18 4 6 23
Mean 3.30 1.56 1.16 1.16
N 10 10 10 10
Std. Deviation 5.309 2.625 2.803 2.153

AJAH Mini.rnum 0 0 0 0
Maximum 17 9 9 7
Std. Error of Kurtosis 1.334 1.334 1.334 1.334
Std. Error of Mean 1.679 .830 .886 .681
Range 17 9 9 7
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Mean 2.11 2.04 3.83 1.32
N 10 10 10 10
Std. Deviation 2.970 2.830 6.916 1.596
Minimum 0 0 0 0
IKOYI Maximum 9 9 22 5
Std. Error of Kurtosis 1.334 1.334 1.334 1.334
Std. Error of Mean .939 .895 2.187 .505
Range 9 9 22 5
Mean .81 1.18 1.00 49
N 10 10 10 10
Std. Deviation 714 .790 .542 310
Minimum 0 0 0 0
MID-LAGOON Maximum 3 3 2 1
Std. Error of Kurtosis 1.334 1.334 1.334 1.334
Std. Error of Mean 226 250 172 .098
Range 2 3 2 1
Mean 2.88 1.75 1.59 1.73
N 60 60 60 60
Std. Deviation 5.319 2.110 3.245 3.581
Total Minimum 0 0 0 0
ota Maximum 24 9 22 23
Std. Error of Kurtosis .608 .608 .608 .608
Std. Error of Mean .687 272 419 462
Range 24 9 22 23
ANOVA Table
Sum of df Mean Square F Sig.
Squares
(Combined) 103.194 20.639 712 617
Between Groups ]Isinf{ar%ty ) 51.446 51.446| 1.774 .189
HEPA * STATION Lii‘;l:rtiltoyn rom 51.748 4 12.937 446 175
Within Groups 1566.287 54 29.005
Total 1669.481 59
(Combined) 29.768 5.954 1.380 246
Linearity 2.556 2.556 592 445
Between Groups Deviation from
GILL * STATION Linearity 27212 4 6.803 1.577 .194
Within Groups 232.989 54 4315
Total 262.757 59
(Combined) 60.710 12142  1.169 336
Bet Groups Linf{ari}y 6.547 6.547 .631 431
chween PS5 Deviation from
GONAD * cviation 1o 54.164 4 13541 1304 280
STATION Linearity
Within Groups 560.668 54 10.383
Total 621.379 59
(Combined) 61.935 12.387 963 449
Between Groups Line.ari‘ty 20.578 20.578 1.600 211
MUSCLE * E.e‘”at.“’n from 41.357 4 10339 804 528
STATION nearity
Within Groups 694.523 54 12.862
Total 756.458 59
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For ZINC (Zn)

Descriptives
Descriptive Statistics
N Range Minimum | Maximum Mean Std. Deviation | Variance
Statistic Statistic Statistic Statistic Statistic Std. Error Statistic Statistic
HEPA 60 8 1 9 5.86 278 2.156 4.648
GILL 60 5 1 5 1.51 108 .840 706
GONAD 60 8 1 9 2.74 242 1.872 3.506
MUSCLE 60 7 0 7 2.35 172 1.331 1.772
STATION 59 5.00 1.00 6.00 3.4576 22200 1.70519 2.908
Valid N (listwise) 59
Means
Report

STATION HEPA GILL GONAD MUSCLE

Mean 6.27 1.62 3.00 3.28

N 10 10 10 10

Std. Deviation 2.044 1.380 1.228 1.739

Minimum 3 1 2 0
MAKOKO Maximum 9 5 6 7

Std. Error of Kurtosis 1.334 1.334 1.334 1.334

Std. Error of Mean .646 437 388 550

Range 5 5 4 7

Mean 6.24 1.62 2.78 1.94

N 10 10 10 10

Std. Deviation 2.145 .620 1.665 1.077

Minimum 3 1 1 0
OKOBABA Maximum 8 3 6 3

Std. Error of Kurtosis 1.334 1.334 1.334 1.334

Std. Error of Mean .678 .196 .526 341

Range 5 2 5 3

Mean 5.71 1.68 2.93 2.56

N 10 10 10 10

Std. Deviation 2.909 1.246 1.942 811

Minimum 1 1 1 1
IbDO Maximum 9 5 7 3

Std. Error of Kurtosis 1.334 1.334 1.334 1.334

Std. Error of Mean .920 .394 .614 257

Range 8 4 6 2

Mean 6.53 1.43 2.59 2.31

N 10 10 10 10

Std. Deviation 1.852 550 2.043 1.427

Minimum 3 1 1 0
AJAH Maximum 9 2 7 4

Std. Error of Kurtosis 1.334 1.334 1.334 1.334

Std. Error of Mean .586 174 .646 451

Range 6 2 6 4

Mean 5.71 1.50 3.89 2.78

N 10 10 10 10

Std. Deviation 2.408 488 2.557 1.303

Minimum 2 1 1 1
IKOYT Maximum 9 2 9 5

Std. Error of Kurtosis 1.334 1.334 1.334 1.334

Std. Error of Mean 762 154 .809 412

Range 6 2 7 4

169




Mean 495 1.17 1.25 1.32
N 9 9 9 9
Std. Deviation 1.006 241 265 465
Minimum 3 1 1 1
MID-LAGOON Maximum 7 2 2 2
Std. Error of Kurtosis 1.400 1.400 1.400 1.400
Std. Error of Mean 335 .080 .088 155
Range 4 1 1 1
Mean 5.92 1.51 2.77 2.38
N 59 59 59 59
Std. Deviation 2.124 .847 1.875 1.319
Total Mlnlmum 1 1 1 0
Maximum 9 5 9 7
Std. Error of Kurtosis .613 613 613 .613
Std. Error of Mean 277 110 244 172
Range 8 5 8 7
ANOVA Table
Sum of df Mean Square F Sig.
Squares
(Combined) 15.396 5 3.079 662 .653
Between Groups ]Isme.artl'ty ) 7.115 1 7.115 1.531 221
eviation from
HEPA * STATION Linearity 8.281 4 2.070 445 175
Within Groups 246.351 53 4.648
Total 261.747 58
(Combined) 1.659 5 332 441 818
Linearity 1.073 1 1.073 1.425 238
Between Groups Deviation from
GILL * STATION Linearity .586 4 147 195 940
Within Groups 39911 53 753
Total 41.570 58
(Combined) 34.434 5 6.887 2.154 .073
Linearity 3.677 1 3.677 1.150 288
Between Groups Deviation from
GONAD * . . 30.757 4 7.689 2.405 .061
STATION Llnearlty
Within Groups 169.420 53 3.197
Total 203.854 58
(Combined) 21.976 5 4.395 2.951 .020
Between Groups Llne'arllty . 7.184 1 7.184 4.824 .032
MUSCLE * Deviation from 14.792 4 3.698| 2483 055
STATION Llnearlty
Within Groups 78.934 53 1.489
Total 100.910 58
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FOR COPPER (Cu)

Descriptive Statistics

N Range Minimum | Maximum Mean Std. Deviation | Variance
Statistic Statistic Statistic Statistic Statistic Std. Error Statistic Statistic
HEPA 60 43 1 44 10.45 1.008 7.809 60.975
GILL 60 79 0 79 27.75 2.401 18.599 345.929
GONAD 60 177 1 178 23.40 3.726 28.859 832.825
MUSCLE 60 21 0 21 9.66 .635 4917 24.172
STATION 60 5.00 1.00 6.00 3.5167 22360 1.73197 3.000
Valid N (listwise) 60
Means
Report

STATION HEPA GILL GONAD MUSCLE

Mean 6.57 26.08 40.24 9.95

N 10 10 10 10

Std. Deviation 5.054 17.343 55.079 4.728

Minimum 2 7 8 2
MAKOKO

Maximum 18 62 178 18

Std. Error of Kurtosis 1.334 1.334 1.334 1.334

Std. Error of Mean 1.598 5.484 17.417 1.495

Range 16 55 170 16

Mean 14.64 29.48 23.96 6.67

N 10 10 10 10

Std. Deviation 9.609 18.591 19.983 8.215

Minimum 6 0 4 0
OKOBABA

Maximum 38 67 70 21

Std. Error of Kurtosis 1.334 1.334 1.334 1.334

Std. Error of Mean 3.039 5.879 6.319 2.598

Range 32 67 66 21

Mean 1041 33.44 19.32 9.70

N 10 10 10 10

Std. Deviation 5.524 18.926 13.199 3.640

Minimum 2 12 9 4
IDDO

Maximum 20 75 51 15

Std. Error of Kurtosis 1.334 1.334 1.334 1.334

Std. Error of Mean 1.747 5.985 4.174 1.151

Range 18 63 42 11
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AJAH

IKOYI

MID-LAGOON

Total

Mean

N

Std. Deviation
Minimum

Maximum

Std. Error of Kurtosis
Std. Error of Mean
Range

Mean

N

Std. Deviation
Minimum

Maximum

Std. Error of Kurtosis
Std. Error of Mean
Range

Mean

N

Std. Deviation
Minimum

Maximum

Std. Error of Kurtosis
Std. Error of Mean
Range

Mean

N

Std. Deviation
Minimum

Maximum

Std. Error of Kurtosis
Std. Error of Mean

Range

9.12

7.609

27
1.400
2.536
24
12.47
11

11.788

44
1.279
3.554
43
9.18
10
823

10
1.334
.260

10.45
60
7.809

44
608
1.008
43

37.10

24.637

79
1.400
8.212

77
29.67

11

16.192

54
1.279
4.882

46
11.48

10
2.023

16
1.334
.640

27.75
60
18.599

79
.608
2.401
79

21.82

16.077

46
1.400
5.359
43
25.96
11

30.377

100
1.279
9.159

92
8.67
10
3.468

12
1.334
1.097

11
23.40

60
28.859

178
.608
3.726
177

12.16

3.458

16
1.400
1.153

10
11.36

11
4.317

21
1.279
1.302

14

10
1.347

10
1.334
426

9.66
60
4917

21
.608
.635

21
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ANOVA Table

Sum of df Mean Square F Sig.
Squares
(Combined) 403.107 5 80.621 1.363 253
Linearity 5.012 1 5.012 .085 172
Between Groups
Deviation from
HEPA * STATION 398.095 4 99.524 1.682 167
Linearity
Within Groups 3194.423 54 59.156
Total 3597.530 59
(Combined) 3853.908 5 770.782 2.514 .041
Linearity 675.363 1 675.363 2.203 .144
Between Groups
Deviation from
GILL * STATION 3178.545 4 794.636 2.592 .047
Linearity
Within Groups 16555.912 54 306.591
Total 20409.821 59
(Combined) 5268.324 5 1053.665 1.297 279
Linearity 3111.031 1 3111.031 3.830 .056
Between Groups
GONAD * Deviation from
2157.293 4 539.323 .664 .620
STATION Linearity
Within Groups 43868.343 54 812.377
Total 49136.667 59
(Combined) 199.964 5 39.993 1.761 137
Linearity 8.949 1 8.949 394 .533
Between Groups
MUSCLE * Deviation from
191.015 4 47.754 2.103 .093
STATION Linearity
Within Groups 1226.193 54 22.707
Total 1426.157 59
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Appendix 4b: ANOVA AND Descriptive Statistics for Heavy Metals in
Surface Water and Sediment

ONEWAY Cd.sediment Cd.water Pb.sediment Pb.water Zn.sediment Zn.water Cu.sediment Cu.water

BY Station
/STATISTICS DESCRIPTIVES/PLOT MEANS/MISSING ANALYSIS
Descriptives
95% Confidence Interval
for Mean
Std.

Mean Deviation | Std. Error [Lower Bound| Upper Bound | Minimum | Maximum

Cd.sediment Makoko 10 2.7250 1.15603 36557 1.8980 3.5520 .00 3.92
Okobaba 10 .5686 .55558 17569 1712 9660 .00 1.66

Iddo 10 1.4711 2.37462 75092 -.2276 3.1698 .00 7.28

Ajah 10 9783 715973 .24025 4348 1.5218 .00 1.87

Ikoyi 10 1.9870 1.40958 44575 .9786 2.9954 .00 4.98

Mid Lagoon 10 2103 44355 .14026 -.1070 .5276 .00 1.08

Total 60 1.3234 1.50675 .19452 9341 1.7126 .00 7.28

Cd.water Makoko 10 .0244 .01545 .00489 .0133 .0355 .00 .05
Okobaba 10 .0362 .02057 .00650 0215 .0509 .01 .07

Iddo 10 .0468 .03100 .00980 .0246 .0689 .00 .09

Ajah 10 .0522 .09103 .02879 -.0129 1174 .00 31

Ikoyi 10 .0344 .02306 .00729 .0179 .0509 .00 .06

Mid Lagoon 10 .0216 .01966 .00622 .0075 .0356 .00 .05

Total 60 .0359 .04213 .00544 .0250 .0468 .00 31

Pb.sediment Makoko 10]  34.2355 41.33779] 13.07216 4.6642 63.8068 .00 109.27
Okobaba 10|  37.1007 27.36824]  8.65460 17.5226 56.6788 .00 98.82

Iddo 10| 51.9395 45.15791] 14.28019 19.6355 84.2435 .00 144.06

Ajah 10 21.2917 19.90104| 6.29326 7.0554 35.5280 .00 55.09

Ikoyi 10 12.6142 19.33531 6.11436 -1.2174 26.4458 .00 49.10

Mid Lagoon 10]  20.6252 22.82808|  7.21887 4.2950 36.9554 .00 63.30

Total 60[  29.6345 32.47991 4.19314 21.2440 38.0249 .00 144.06

Pb.water Makoko 10 2333 25457 .08050 .0512 4154 .00 .64
Okobaba 10 1224 .13696 .04331 .0244 2204 .00 41

Iddo 10 .1681 15141 .04788 .0598 2764 .00 48

Ajah 10 2577 .24432 .07726 .0830 4325 .00 .84

Ikoyi 10 3041 46149 .14594 -.0260 .6343 .00 1.53

Mid Lagoon 10 1791 16227 .05132 .0630 2952 .00 47

Total 60 2108 25611 .03306 .1446 2770 .00 1.53

Zn.sediment Makoko 10|  20.7325 18.31502| 5.79172 7.6307 33.8343 .00 44.72
Okobaba 10]  22.6939 13.48368] 4.26391 13.0483 32.3395 .00 45.36

Iddo 10]  33.7804 15.49608|  4.90029 22.6952 44.8656 .00 51.60

Ajah 10 4.3757 4.60136 1.45508 1.0841 7.6673 .00 12.94

Ikoyi 10 2.2823 2.83154 .89541 2567 4.3079 .00 10.15

Mid Lagoon 10 11.2190 8.93999( 2.82707 4.8237 17.6143 .00 27.88

Total 60 15.8473 15.99368| 2.06478 11.7157 19.9789 .00 51.60

174




Zn.water Makoko 10 .0000 .00000 .00000 .0000 .0000 .00 .00
Okobaba 10 .0005 .00121 .00038 -.0004 .0013 .00 .00
Iddo 10 .0001 .00032 .00010 -.0001 .0003 .00 .00
Ajah 10 .0000 .00000 .00000 .0000 .0000 .00 .00
Ikoyi 10 .0027 .00826 .00261 -.0032 .0086 .00 .03
Mid Lagoon 10 .0000 .00000 .00000 .0000 .0000 .00 .00}
Total 60 .0006 .00341 .00044 -.0003 .0014 .00 .03
Cu.sediment Makoko 10 32.9445 32.66919] 10.33091 9.5744 56.3146 .00 91.18
Okobaba 10 35.4978 30.03009 9.49635 14.0156 56.9800 .00 96.84
Iddo 10 60.0521 53.88456( 17.03980 21.5054 98.5988 .00 155.70]
Ajah 10 15.7249 25.58855 8.09181 -2.5800 34.0298 .00 66.42
Ikoyi 10 2.5100 3.88036 1.22708 -.2658 5.2858 .00 12.25
Mid Lagoon 10 29.5763 23.40721 7.40201 12.8318 46.3208 .00 68.72
Total 60 29.3843 35.36907 4.56613 20.2475 38.5211 .00 155.70|
Cu.water Makoko 10 .0087 .00808 .00255 .0029 .0145 .00 .02
Okobaba 10 .0200 .04362 .01380 -.0112 0512 .00 14
Iddo 10 .0839 .08126 .02570 .0258 .1420 .00 23
Ajah 10 .0236 .03206 .01014 .0007 .0466 .00 11
Ikoyi 10 .0389 .05658 .01789 -.0016 .0793 .00 .16
Mid Lagoon 10 .0732 .06737 .02130 .0250 1214 .00 .16
Total 60 .0414 .05861 .00757 .0262 .0565 .00 23
ANOVA
Sum of Squares df Mean Square F Sig.
Cd.sediment Between Groups 43.545 5 8.709 5.202 .001
Within Groups 90.403 54 1.674
Total 133.948 59
Cd.water Between Groups .007 5 .001 .804 552
Within Groups .097 54 .002
Total .105 59
Pb.sediment Between Groups 10148.868 5 2029.774 2.104 .079
Within Groups 52092.875 54 964.683
Total 62241.743 59
Pb.water Between Groups 221 5 .044 .653 .660
Within Groups 3.649 54 .068
Total 3.870 59
Zn.sediment Between Groups 7293.652 5 1458.730 10.101 .000
Within Groups 7798.426 54 144.415
Total 15092.077 59
Zn.water Between Groups .000 5 .000 1.002 425
Within Groups .001 54 .000
Total .001 59
Cu.sediment Between Groups 18994.079 5 3798.816 3.742 .006
Within Groups 54813.218 54 1015.060
Total 73807.297 59
Cu.water Between Groups .047 5 .009 3.227 .013
Within Groups 156 54 .003
Total 203 59
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Appendix 5: ANOVA and Descriptive statistics for Oxidative Enzymes and Cellular Damage
Biomarker in Crab Organs (Hepatopancreas, Gill, Gonad and muscle).

BIOMARKERS
Descriptives
Season N Mean Std. Std. 95% Confidence Interval | Minimum | Maximum
Deviation Error for Mean
Lower Upper
Bound Bound

Makoko 4 29.2788 3.29831 1.64915 24.0305 34.5272 24.37 31.37
Okobaba 4 34.8654 9.25295 4.62648 20.1419 49.5889 22.08 44.15
Iddo 4 42.7404 5.30608 2.65304 34.2972 51.1835 34.87 46.31
MDA _hepa Ajah 4 34.8654 8.25958 4.12979 21.7225 48.0082 23.02 41.73
Ikoyi 4 32.2067 5.30821 2.65411 23.7602 40.6533 26.25 38.37
Mid-lagoon 4 20.8990 7.35956 3.67978 9.1883 32.6097 14.00 27.46
Total 24 32.4760 9.01694 1.84057 28.6684 36.2835 14.00 46.31
Makoko 4 19.0144 1.01558 50779 17.3984 20.6304 18.31 20.46
Okobaba 4 21.6731 1.23866 .61933 19.7021 23.6441 19.92 22.62
Iddo 4 22.2452 2.92330 1.46165 17.5936 26.8968 19.25 26.12
MDA gill Ajah 4 19.3173 78108 .39054 18.0744 20.5602 18.58 20.06
Ikoyi 4 20.1923 1.84575 92288 17.2553 23.1293 17.90 21.94
Mid-lagoon 4 27.7308 9.67734 4.83867 12.3320 43.1296 13.46 34.46
Total 24 21.6955 4.81691 98325 19.6615 23.7295 13.46 34.46
Makoko 4 23.3558 2.24314 1.12157 19.7864 26.9251 21.00 26.38
Okobaba 4 25.8798 5.62425 2.81213 16.9304 34.8293 21.81 34.19
Iddo 4 27.5962 7.68841 3.84421 15.3622 39.8301 22.21 38.90
MDA _gonad Ajah 4 29.1442 7.98478 3.99239 16.4387 41.8498 20.33 37.29
Ikoyi 4 24.1635 431120 2.15560 17.3034 31.0235 19.25 29.21
Mid-lagoon 4 29.3798 1.56746 78373 26.8856 31.8740 28.13 31.63
Dry season Total 24 26.5865 5.39894 1.10205 24.3068 28.8663 19.25 38.90
Makoko 4 23.0865 4.95280 2.47640 15.2055 30.9675 16.69 27.33
Okobaba 4 19.8221 3.57069 1.78535 14.1403 25.5039 16.96 25.04
Iddo 4 18.9135 2.53158 1.26579 14.8852 22.9418 16.42 21.54
MDA _ muscle Ajah 4 19.7212 2.19963 1.09982 16.2210 23.2213 18.04 22.88
Ikoyi 4 18.7788 2.17755 1.08878 15.3139 22.2438 16.56 21.54
Mid-lagoon 4 18.2067 3.38128 1.69064 12.8264 23.5871 14.67 22.48
Total 24 19.7548 3.32813 .67935 18.3495 21.1602 14.67 27.33

Makoko 4 1.4178 .89392 44696 -.0046 2.8403 17 2.69

Okobaba 4 1.4178 .89392 44696 -.0046 2.8403 77 2.69

Iddo 4 1.1424 25416 12708 7379 1.5468 .88 141

GSH_hepa Ajah 4 1.1027 26737 13369 6772 1.5281 75 1.39
Ikoyi 4 1.9175 1.90434 95217 -1.1128 4.9477 75 4.74

Mid-lagoon 4 6427 .03013 .01506 .5948 .6907 .61 .68

Total 24 1.2735 92519 18885 .8828 1.6642 .61 4.74

Makoko 4 9041 .36796 18398 3186 1.4896 .60 1.36

Okobaba 4 7552 35629 17815 1883 1.3222 .53 1.29

Iddo 4 7685 32821 16410 2462 1.2907 .54 1.25

GSH_gill Ajah 4 7776 .31995 15997 2685 1.2867 .53 1.25
Ikoyi 4 9414 37379 18689 .3466 1.5361 .59 1.29

Mid-lagoon 4 6494 .10885 .05443 4761 .8226 .57 .81

Total 24 7994 30217 .06168 6718 9270 .53 1.36
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GSH_gonads

GSH_muscle

GPx_hepa

GPx_gills

GPx_gonads

GPx_muscle

CAT _hep

CAT gills

Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total

[N [\ [\ [\ [\ [\ [\
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1.0704
9604
1.0365
1.4741
.8892
3747
9676
9041
9083
1.0084
.8363
.8562
5013
8358
5.5233
5.4744
5.3520
5.6763
5.6664
4.4140
5.3511
5.3735
5.2776
5.1817
5.2379
5.2875
4.3908
5.1248
5.4662
5.3471
5.4000
5.3007
5.3371
4.4256
5.2128
5.4521
53123
5.2892
5.2544
5.2743
4.2634
5.1409
.2460
2562
2141
2083
3431
1511
2365
11.9900
7.4737
10.5221
14.1878
11.7070
9.0291
10.8183

47128
31357
40160
1.18264
44047
.04359
.61668
35963
.36858
.37208
31204
32763
02612
32538
1.15000
.88924
63420
.63963
.64642
45596
81197
.87665
.68727
.67922
.58492
64108
16402
66308
75459
.61945
69263
.57800
.66435
31776
65835
97709
72518
.68401
.64864
65913
16437
73092
11095
13255
02125
.03438
.30945
.01285
14204
9.70216
6.99449
7.45023
10.75654
8.14984
6.22915
7.71905

23564
15678
.20080
59132
22024
.02180
12588
17981
.18429
18604
15602
16381
.01306
06642
.57500
44462
31710
.31982
32321
22798
16574
43832
34363
.33961
29246
32054
.08201
13535
37729
.30972
34632
.28900
33218
15888
13438
48855
36259
.34200
.32432
.32957
.08218
14920
05548
06628
.01062
01719
15473
.00643
.02899
4.85108
3.49724
3.72511
5.37827
4.07492
3.11458
1.57564

.3205
4614
3975
-.4078
1884
3054
7072
3319
3218
4163
3398
3348
4597
6984
3.6933
4.0595
4.3429
4.6585
4.6378
3.6884
5.0082
3.9786
4.1840
4.1009
4.3071
4.2674
4.1298
4.8448
4.2655
4.3614
4.2979
4.3810
4.2800
3.9199
4.9348
3.8973
4.1584
4.2007
4.2223
4.2254
4.0019
4.8323
.0695
.0453
.1802
1536
-.1493
1307
1765
-3.4483
-3.6561
-1.3329
-2.9282
-1.2612
-.8829
7.5588

1.8203
1.4593
1.6755
3.3559
1.5901
4441
1.2280
1.4764
1.4948
1.6004
1.3328
1.3775
.5429
9732
7.3532
6.8894
6.3612
6.6941
6.6950
5.1395
5.6939
6.7685
6.3712
6.2625
6.1686
6.3076
4.6518
5.4048
6.6669
6.3327
6.5021
6.2205
6.3943
4.9312
5.4908
7.0069
6.4662
6.3776
6.2865
6.3231
4.5250
5.4496
4226
4671
2479
.2630
.8355
1716
2964
27.4283
18.6035
22.3771
31.3039
24.6753
18.9410
14.0778

.66
.66
.62
.64
.54
35
35
.58
.57
.65
.61
.61
48
48
4.63
4.69
4.78
4.78
4.71
4.12
4.12
4.51
4.58
4.55
4.67
4.65
4.20
4.20
4.82
4.81
4.76
4.76
4.74
3.99
3.99
4.57
4.60
4.65
4.67
4.67
4.02
4.02
.16
.16
19
.16
.16
.14
.14
3.82
3.14
3.75
2.79
4.04
.35
.35

1.56
1.33
1.39
3.18
1.53
44
3.18
1.28
1.30
1.40
1.27
1.31
.53
1.40
7.03
6.41
5.96
6.29
6.14
5.08
7.03
6.36
5.96
5.83
5.79
598
4.53
6.36
6.33
5.97
6.09
5.80
5.99
4.67
6.33
6.63
5.99
592
5.88
5.90
4.35
6.63
40
45
24
24
.80
17
.80
25.10
17.91
18.11
26.23
19.86
14.95
26.23
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CAT gonads

CAT_muscle

SOD_hep

SOD _gill

SOD_gonad

SOD_muscle

Protein_hep

Protein_gill

Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
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7.7903
7.8738
8.9028
5.9454
6.7308
5.5416
7.1308
5.1005
7.7839
5.5457
9.4279
10.3626
3.9067
7.0212
.0000
.0000
.0001
.0001
.0001
.0001
.0001
1.3436
.8866
1.2722
1.6038
1.3854
.6438
1.1892
6337
7120
1757
4968
7359
2256
.5966
5957
8666
6559
1.0407
1.2612
4943
.8191
129.1097
71.0834
87.1654
84.6952
91.2994
68.5628
88.6527
9.8811
14.3175
9.6290
9.6794
14.5696
39.8773
16.3257

6.51518
7.85732
7.39459
3.77808
4.16621
4.30562
5.35673
4.14927
5.48063
4.37193
5.91457
7.70031
1.26816
5.18852
.00003
.00005
.00006
.00006
.00009
.00004
.00005
.87830
70376
77082
1.15853
99199
.59394
.83770
66698
.83480
67089
49937
50110
.08152
55763
42161
40029
45647
.54642
.81903
.24466
.52924
100.84377
26.81559
11.26911
45.06471
58.60905
32.93015
52.00045
4.82289
6.54681
4.62013
6.63728
13.95785
59.45976
24.98243

3.25759
3.92866
3.69730
1.88904
2.08311
2.15281
1.09344
2.07463
2.74031
2.18596
2.95729
3.85015
.63408
1.05910
.00001
.00003
.00003
.00003
.00004
.00002
.00001
43915
35188
38541
57927
49600
29697
17099
33349
41740
33545
24968
.25055
.04076
11383
.21081
20015
22824
27321
40952
12233
.10803
50.42188
13.40779
5.63455
22.53235
29.30453
16.46508
10.61455
2.41145
3.27340
2.31007
3.31864
6.97893
29.72988
5.09952

-2.5768
-4.6290
-2.8636
-.0664
1014
-1.3096
4.8688
-1.5019
-.9370
-1.4110
.0165
-1.8903
1.8888
4.8303
.0000
.0000
.0000
.0000
-.0001
.0000
.0000
-.0540
-.2333
.0456
-.2397
-.1931
-.3013
8355
-4276
-.6164
-.2918
-2978
-.0614
.0959
3612
-.0752
2296
-.0705
1712
-.0420
1050
.5956
-31.3552
28.4139
69.2338
12.9872
-1.9607
16.1635
66.6948
2.2068
3.9001
22774
-.8820
-7.6405
-54.7364
5.7765

18.1574
20.3765
20.6693
11.9572
13.3601
12.3928
9.3927
11.7029
16.5048
12.5025
18.8393
22.6155
5.9246
9.2121
.0001
.0001
.0001
.0002
.0002
.0001
.0001
2.7411
2.0064
2.4987
3.4473
2.9639
1.5889
1.5430
1.6950
2.0403
1.8432
1.2914
1.5333
3554
.8321
1.2666
1.5035
1.3822
1.9102
2.5645
.8836
1.0425
289.5747
113.7530
105.0971
156.4032
184.5595
120.9620
110.6105
17.5554
24.7350
16.9807
20.2408
36.7796
134.4911
26.8748

2.07
1.78
3.08
243
3.02
1.82
1.78
1.86
3.18
1.86
3.86
3.81
2.48
1.86
.00
.00
.00
.00
.00
.00
.00
.30
.30
.33
25
.19
.04
.04
.14
A2
22
.05
28
11
.05
18
27
.19
27
.36
24
18
51.02
49.61
77.44
42.55
38.31
28.23
28.23
4.44
5.44
5.44
3.83
4.64
9.07
3.83

15.46
19.03
19.09
11.24
11.66
10.12
19.09
11.19
15.54
11.88
16.35
19.34
5.47
19.34
.00
.00
.00
.00
.00
.00
.00
2.35
1.91
1.95
2.65
2.40
1.46
2.65
1.59
1.95
1.71
1.15
1.27
31
1.95
1.09
1.11
1.14
1.52
2.06
.79
2.06
273.04
110.31
102.44
135.92
147.61
108.89
273.04
14.52
19.36
14.12
17.34
34.68
129.06
129.06
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Protein_gonad

Protein_muscle

MDA _hepa

MDA _gill

MDA _gonad

wet season

MDA muscle

GSH_hepa

GSH_gill

Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
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38.6674
28.5342
20.7201
55.7577
18.4010
37.1550
33.2059
27.3747
12.7547
23.5937
11.4439
10.1836
15.8803

16.8718
33.8782

45.0962
41.4167
39.2628
34.6410
38.9487
38.8739
19.6987
21.8526
22.7051
20.5962
21.2692
34.1923
23.3857
31.9487
31.1859
50.0769
34.1923
38.9038
39.9808
37.7147
21.4038
21.2244
21.9872
23.2885
22.6603
24.3654
22.4882
6386
.6386
6915
1.8452
.6419
7566
.8687
.5658
5592
.5989
.6187
5956
.5890
.5879

45.75170
17.74451
14.48120
48.38197
14.48026
12.42909
29.31978
20.68146
2.39381
21.26482
3.95976
5.29577
3.79903

12.89067
1.40112

4.58286
2.42806
15.14548
2.30948
4.38551
6.98850
95504
.54404
33877
1.32581
1.52894
20.98446
8.83804
4.74284
3.08247
40.72065
15.48779
9.21009
3.49741
16.79838
48536
2.39424
1.38159
2.64820
1.60601
3.26425
2.14068
.03729
.03729
10364
1.22596
.03685
11464
61961
.01324
.00573
11068
.02498
.02066
.03816
.04682

22.87585
8.87225
7.24060

24.19099
7.24013
6.21454
5.98487
10.34073
1.19691
10.63241
1.97988
2.64788
1.89951

2.63130
.80894

2.64591
1.40184
8.74425
1.33338
2.53198
1.64721
.55139
.31410
19559
76546
.88273
12.11538
2.08315
2.73828
1.77966
23.51008
8.94188
531745
2.01923
3.95942
.28022
1.38231
719766
1.52894
92723
1.88462
.50456
.02153
02153
.05983
70781
.02127
.06619
.14604
.00764
.00331
.06390
.01442
.01193
.02203
.01104

-34.1338
2987
-2.3227
-21.2289
-4.6403
17.3775
20.8252
-5.5341
8.9456
-10.2434
5.1431
1.7568
9.8352

11.4286
30.3976

33.7117
35.3850
1.6394
28.9040
28.0545
35.3986
17.3263
20.5011
21.8636
17.3027
17.4711
-17.9360
18.9906
20.1668
23.5286
-51.0788
-4.2815
16.0247
31.2927
29.3611
20.1981
15.2767
18.5551
16.7100
18.6707
16.2565
21.4237
.5460
.5460
4341
-1.2002
.5504
4718
.5606
.5329
.5450
3239
5567
.5443
4942
.5646

111.4685
56.7697
43.7629
132.7442
41.4424
56.9324
45.5865
60.2835
16.5638
57.4307
17.7448
18.6103
21.9254

223151
37.3588

56.4806
47.4483
76.8863
40.3781
49.8429
42.3492
22.0712
23.2040
23.5467
23.8896
25.0673
86.3206
27.7807
43.7306
38.8432
151.2326
72.6661
61.7830
48.6688
46.0684
22.6096
27.1720
25.4192
29.8669
26.6498
32.4742
23.5528
7312
7312
.9490
4.8907
71334
1.0414
1.1769
.5987
5734
.8739
.6808
.6469
.6838
6112

6.45
5.24
6.05
8.87
8.27
23.19
5.24
13.51
9.68
11.90
6.86
5.04
12.30

5.04
32.31

40.38
38.90
28.27
32.17
33.92
28.27
18.85
21.27
22.35
19.52
20.19
22.08
18.85
26.92
27.73
23.15
23.56
30.96
35.94
23.15
21.00
19.52
20.46
20.87
20.87
22.48
19.52
.60
.60
.62
.63
.61
.65
.60
.55
.55
.52
.60
57
.55
.52

106.47
44.36
40.33
104.05
39.73
48.80
106.47
58.08
15.33
55.46
16.33
16.74
21.17

58.08
35.00

49.54
43.75
56.54
36.75
42.00
56.54
20.73
22.35
23.02
22.08
23.02
58.42
58.42
36.35
33.65
96.92
51.96
49.00
42.00
96.92
21.94
23.96
23.15
26.12
23.96
28.13
28.13
.66
.66
.81
3.08
.68
.88
3.08
.58
.56
72
.65
.61
.62
72
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GSH_gonads

GSH_muscle

GPx_hepa

GPx_gills

GPx_gonads

GPx_muscle

CAT hep

CAT gills

Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
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Iddo
Ajah
Ikoyi
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Total
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Iddo
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Ikoyi
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.6563
.6971
7125
.6254
7125
.6607
6774
1.1658
5691
.5868
5526
5746
.5625
.6686
4.8750
4.8728
4.9919
4.9346
4.9996
4.7007
4.8958
4.8882
4.8463
4.9324
4.9765
4.9125
4.6059
4.8603
4.8893
4.9743
5.0294
4.9368
4.9555
4.7537
4.9232
4.9743
4.9213
4.9213
4.9897
4.9831
4.8827
4.9454
1284
1299
.1406
3696
1288
1556
1755
4.8284
5.8250
4.4020
5.4855
3.8191
5.7963
5.0260

.01632
.08985
.03179
.03455
.05065
.09983
06184
96913
.02626
02674
.03156
.00764
.04452
40434
17625
109130
.01665
.08379
.01442
33875
17234
15240
.08005
.02674
.00000
.05054
39612
19418
14241
.01910
.06618
18339
.06032
19868
14112
.07259
13405
.01665
.02386
02292
18305
.09208
.00731
.00912
02152
24588
.00731
.02924
12396
1.67160
1.08254
94196
2.78912
1.96786
1.66269
1.68946

.00942
.05187
.01836
.01994
02924
.05764
.01458
.55953
.01516
.01544
.01822
.00441
.02570
.09530
10176
.05271
.00962
.04838
.00833
19558
.04062
.08799
.04622
.01544
.00000
.02918
.22870
.04577
.08222
.01103
.03821
.10588
.03483
11471
.03326
.04191
.07739
.00962
.01378
.01324
10568
.02170
.00422
.00527
.01242
.14196
.00422
.01688
.02922
96510
.62500
.54384

1.61030
1.13614

.95996
39821

6157
4739
.6335
.5396
.5867
4127
6466
-1.2416
.5039
.5203
4742
5557
4519
4675
4.4372
4.6460
4.9505
4.7264
4.9638
3.8592
4.8101
4.5097
4.6475
4.8659
4.9765
4.7869
3.6219
4.7637
4.5356
4.9268
4.8650
4.4812
4.8057
4.2601
4.8530
4.7939
4.5883
4.8800
4.9304
4.9261
4.4280
4.8996
1102
1072
.0871
-.2412
1107
.0830
1138
.6759
3.1358
2.0620
-1.4431
-1.0693
1.6659
4.1859

.6968
.9203
71915
7112
.8383
.9087
7081
3.5733
.6344
.6532
.6310
.5936
6731
.8696
5.3128
5.0996
5.0333
5.1427
5.0355
5.5422
4.9815
5.2668
5.0452
4.9988
4.9765
5.0381
5.5899
4.9569
5.2431
5.0217
5.1938
5.3923
5.1054
5.2472
4.9933
5.1546
5.2543
4.9627
5.0490
5.0400
5.3374
4.9912
.1465
1525
.1940
.9804
.1470
2283
2371
8.9809
8.5141
6.7419
12.4140
8.7076
9.9266
5.8662

.65
.64
.68
.59
.68
.55
.55
.55
.55
.56
.52
.57
51
51
4.67
4.80
4.98
4.87
4.98
433
433
4.73
4.78
4.90
4.98
4.86
4.15
4.15
4.73
4.96
4.96
4.83
4.89
4.64
4.64
4.92
4.77
4.90
4.97
4.96
4.67
4.67
12
12
13
13
12
13
12
3.73
4.78
3.56
3.58
1.56
3.88
1.56

.68
.80
74
.65
71
.73
.80
2.28
.60
.62
.58
.58
.60
2.28
4.99
4.98
5.01
5.03
5.01
4.99
5.03
5.04
4.94
4.96
4.98
4.96
4.86
5.04
4.98
5.00
5.10
5.15
5.01
4.98
5.15
5.06
5.03
4.94
5.02
5.00
5.00
5.06
13
.14
17
.62
.14
19
.62
6.75
6.94
5.42
8.69
5.15
6.91
8.69
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CAT_gonads

CAT_muscle

SOD_hep

SOD _gill

SOD_gonad

SOD_muscle

Protein_hep

Protein_gill

Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
Makoko
Okobaba
Iddo
Ajah
Ikoyi
Mid-lagoon
Total
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Iddo
Ajah
Ikoyi
Mid-lagoon
Total
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Iddo
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Ikoyi
Mid-lagoon
Total
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Total
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Total
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8.1368
8.8935
10.3008
4.3886
5.7566
6.7436
7.3700
5.4916
3.6324
5.3967
4.1213
6.0895
3.5400
4.7119
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.5523
.6630
4540
4750
3785
5276
.5084
4648
1272
.5063
3175
3559
2779
4416
.6049
.3869
.5036
4683
7243
4000
5147
93.2459
107.4077
75.9740
65.9219
68.5877
90.1914
83.5548
11.1073
9.3301
10.7741
14.1618
19.4378
10.4409
12.5420

1.11324
5.35257
7.28930
1.96729
2.89423
3.18310
4.06529
1.47604
1.06168
1.92971
1.67832
3.85133
72997
2.00015
.00005
.00006
.00003
.00002
.00006
.00002
.00004
29933
.36564
.07240
28137
19455
23156
23511
.23090
52875
.37696
12155
11299
.04451
.28865
18197
18938
.16002
12499
42160
.07522
22212
20.63563
16.91916
31.81983
5.92656
48.97569
43.86056
30.73811
2.14230
1.49949
1.67717
4.04350
9.40472
2.83889
5.17510

.64273
3.09031
4.20848
1.13581
1.67098
1.83777
.95820
.85219
.61296
1.11412
.96898
2.22357
42145
47144
.00003
.00003
.00002
.00001
.00004
.00001
.00001
17282
21110
.04180
.16245
11232
13369
.05542
13331
.30527
21764
.07018
.06524
.02570
.06804
.10506
.10934
.09239
.07216
24341
.04343
.05235
11.91398
9.76828
18.37119
3.42170
28.27613
25.32291
7.24504
1.23686
.86573
96831
2.33452
5.42982
1.63903
1.21978

5.3713
-4.4031
-7.8069

-.4984
-1.4331
-1.1636

5.3483

1.8249

9951
.6030

-.0479
-3.4777

1.7267

3.7173

.0000
.0000
.0000
.0000
.0000
.0000
.0001
-.1913
-.2453
2742

-.2240

-.1047

-.0476

3915

-.1088

-.5863

-.4302

.0155
.0753
1674
2981
1529
-.0835
1061
1578
-.3230
2132
4042
41.9842
65.3782

-3.0708
51.1995
-53.0747
-18.7643
68.2691

5.7855

5.6052

6.6078

4.1172
-3.9248

3.3887

9.9685

10.9022
22.1900
28.4084
9.2756
12.9462
14.6509
9.3916
9.1583
6.2698
10.1903
8.2905
15.6568
5.3533
5.7066
.0002
.0003
.0002
.0001
.0003
.0001
.0001
1.2959
1.5713
.6339
1.1739
.8618
1.1028
6253
1.0384
2.0407
1.4427
.6194
.6366
3885
.5852
1.0569
8574
9011
7788
1.7717
.5869
6251
144.5076
149.4372
155.0189
80.6443
190.2500
199.1470
98.8405
16.4291
13.0551
14.9404
24.2064
42.8004
17.4931
15.1155

7.23
4.14
2.10
2.90
2.96
3.56
2.10
4.12
2.72
3.19
2.37
3.55
2.70
2.37
.00
.00
.00
.00
.00
.00
.00
.37
.45
37
29
15
38
15
.29
31
.10
21
.26
25
.10
40
24
32
.35
.37
.35
24
74.97
90.80
40.15
59.15
39.15
40.49
39.15
8.66
7.83
9.00
9.50
11.50
7.16
7.16

9.38
14.69
16.06
6.62
8.74
9.92
16.06
7.05
4.80
6.78
5.71
10.52
4.03
10.52
.00
.00
.00
.00
.00
.00
.00
.90
1.09
51
.80
49
.79
1.09
.73
1.32
.84
45
48
.33
1.32
.73
.60
.63
.60
1.19
49
1.19
115.63
124.62
100.97
70.14
125.12
123.46
125.12
12.66
10.83
12.33
16.66
29.82
12.16
29.82
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Makoko 3 17.7717 5.59157 3.22829 3.8815 31.6619 12.00 23.16
Okobaba 3 11.1073 4.85556 2.80336 -.9546 23.1692 6.00 15.66
Iddo 3 29.1012 34.57315 | 19.96082 -56.7833 114.9856 7.50 68.98
Protein_gonad Ajah 3 27.8238 6.21836 3.59017 12.3766 43.2711 22.49 34.65
Ikoyi 3 21.3816 2.93504 1.69455 14.0905 28.6726 17.99 23.16
Mid-lagoon 3 29.6565 9.25846 5.34538 6.6572 52.6558 23.66 40.32
Total 18 22.8070 14.54041 3.42721 15.5762 30.0378 6.00 68.98
Makoko 3 10.6630 2.45431 1.41700 4.5662 16.7599 8.00 12.83
Okobaba 3 20.1598 13.42527 7.75108 -13.1904 53.5100 8.83 34.99
Iddo 3 13.2732 2.92557 1.68908 6.0057 20.5408 10.50 16.33
Protein_muscle Ajah 3 13.8841 2.05635 1.18724 8.7759 18.9924 12.16 16.16
Ikoyi 3 10.6630 3.98124 2.29857 7731 20.5530 7.16 14.99
Mid-lagoon 3 16.9942 3.67676 2.12278 7.8606 26.1278 13.50 20.83
Total 18 14.2729 6.25279 1.47380 11.1635 17.3823 7.16 34.99
Superoxide Dismutase (SOD)
Oneway
ANOVA
Sum of Squares df Mean Square F Sig.
HEPATOPANCRESE.DRY  Between Groups .000 5 .000
Within Groups .000 0
Total 000 5
HEPATOPANCREASE.WET Between Groups .000 5 .000
Within Groups .000 0
Total 000 5
GLL.DRY Between Groups 329 5 .066
Within Groups .000 0
Total 329 5
GLL.WET Between Groups 397 5 .079
Within Groups 000 0
Total 397 5
GONAD.DRY Between Groups 126 5 .025
Within Groups 000 0
Total 126 5
GONAD.WET Between Groups 477 5 .095
Within Groups 000 0
Total 477 5
MUSCLE.DRY Between Groups .303 5 .061
Within Groups 000 0
Total 303 5
MUSCLE.WET Between Groups 258 5 .052
Within Groups 000 0
Total 258 5
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Catalase (CAT)

ANOVA
Sum of
Squares df Mean Square Sig.
HEPATOPANCRESE.DRY  Between Groups 151 5 .030
Within Groups 000 0
Total 151 5
HEPATOPANCREASE.WET Between Groups 275 5 .055
Within Groups .000 0
Total 275 5
GLL.DRY Between Groups 28.764 5 5.753
Within Groups .000 0
Total 28.764 5
GLL.WET Between Groups 65.221 5 13.044
Within Groups .000 0
Total 65.221 5
GONAD.DRY Between Groups 31.255 5 6.251
Within Groups .000 0
Total 31.255 5
GONAD.WET Between Groups 84.779 5 16.956
Within Groups .000 0
Total 84.779 5
MUSCLE.DRY Between Groups 46.789 5 9.358
Within Groups 000 0
Total 46.789 5
MUSCLE.WET Between Groups 49.769 5 9.954
Within Groups .000 0
Total 49.769 5
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Glutathione Peroxidase (GPx)

ANOVA
Sum of Squares df Mean Square Sig.
HEPATOPANCRESE.DRY Between Groups 399 5 .080
Within Groups .000 0
Total 399 5
HEPATOPANCREASE.WET Between Groups .041 5 .008
Within Groups .000 0
Total .041 5
GLL.DRY Between Groups .034 5 .007
Within Groups .000 0
Total 034 5
GLL.WET Between Groups 231 5 .046
Within Groups .000 0
Total 231 5
GONAD.DRY Between Groups 181 5 .036
Within Groups .000 0
Total 181 5
GONAD.WET Between Groups .142 5 .028
Within Groups .000 0
Total 142 5
MUSCLE.DRY Between Groups .034 5 .007
Within Groups .000 0
Total .034 5
MUSCLE.WET Between Groups .009 5 .002
Within Groups .000 0
Total .009 5
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Reduced Glutathione (GSH)

ANOVA
Sum of Squares df Mean Square Sig.
HEPATOPANCRESE.DRY Between Groups 515 5 .103
Within Groups .000 0
Total 515 5
HEPATOPANCREASE.WET  Between Groups .642 5 128
Within Groups .000 0
Total .642 5
GLL.DRY Between Groups .034 5 .007
Within Groups .000 0
Total 034 5
GLL.WET Between Groups 252 5 .050
Within Groups .000 0
Total 252 5
GONAD.DRY Between Groups 223 5 .045
Within Groups .000 0
Total 223 5
GONAD.WET Between Groups .168 5 .034
Within Groups .000 0
Total .168 5
MUSCLE.DRY Between Groups .020 5 .004
Within Groups .000 0
Total .020 5
MUSCLE.WET Between Groups .303 5 .061
Within Groups .000 0
Total 303 5
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