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ABSTRACT

Fish farming has been practised all over the wiwtdcenturies. Throughout history,
humans have used fish as a supplementary sourpeotdins and as a source of
income. Fish performs all their body functions iater and therefore the quality of
water is very important to their livelihood. Farmédrave suffered losses due to the
death and stunted growth of fish as a result ofdvad infections and diseases among
other causes. The presence of these bacteriahirpdisd water and their pathogenic
effects varies with the quality of the pond wategdther with the variation in the
frequency with which water is changed in the poriRis/sico-chemical parameters of
pond water and heavy metals affect growth and pribdty of fish. This research
aimed at determining the contamination levels dhldaecal and pathogenic bacteria
namely Salmonellaspp., faecalStreptococcusfaecal coliformsPseudomonaspp.,
Vibrio choleraeandE. coli in fish ponds water, levels of heavy metal contation
and variability of physico-chemical parameters #meir effects on fish. Isolation of
faecal indicators and pathogens was carried ougustandard laboratory methods.
Some physico-chemical parameters were measarsitli using a portable Universal
multiline P4 WTW (Wilheim Germany) meter while oteewere analysed in the
laboratory. The determination of heavy metal preseand concentration in the water
samples was carried out by the use of Flame AtoAbesorption Spectrometer
(FAAS). The results indicated that the pond wates vhighly contaminated with
faecal streptococci and faecal coliforms and thaged significantly in the sites at
p=0.0001. Pearson correlation analysis showed ipesitorrelation between
prevalence of faecal streptococci and faecal aofio(r=0.732 at P< 0.01). Potential
pathogens namelyibrio spp., Salmonellaspp., P. aeruginosaand E.coli were
isolated from the water samples with high poputatiBhysico-chemical parameters
namel pH and dissolved oxygen deviated from thenssible limits. The study has
indicated that the fish ponds water was highly aomhated with both faecal and
pathogenic bacteria with physico-chemical pararsetearying significantly at
p=0.0001. Heavy metals with the exception of iroarevwithin the recommended
limits hence no significant contamination of theshfi pond water. The study
recommends use of treated tap water, regular mingtaf fish pond water and
sensitization of farmers on bacterial contaminatibpond water. Further studies with
the aid of molecular techniques should be usedhtaracterize the bacteria. The
finding of this study can, therefore, serve asrmapetus to improve fish farming in
Meru County, as a way of meeting the growing nioimétl demands in the country.



CHAPTER ONE

INTRODUCTION

1.1Background of the Study

Fish farming has been practised all over the wiwldcenturies. Fish is one of the
staple foods and contributes about 60 % of thedveolurce of protein. However, 60
% of the developing countries derives more thar¥@B0f their animal protein from
fish (Emikpe et al, 2011). Fish protein improves nutrition in thathas a high
biological value in terms of high protein retentionthe body, low cholesterol level
and presence of essential amino acids (Emétpa., 2011). Fish farming takes place
at a high degree in Mediterranean Sea, Red Seaguthern and Western Africa, in

Israel, Japan and the countries bordering L. Viat(iEgbereet al, 2008).

Fish was introduced in Kenya in the early 1920isc8 then, fish have been limited
to regions and areas with large masses of watearlyrai Victoria, L. Turkana among
other fresh water lakes, rivers and in the coastgion of Indian Ocean. Fish from
Lake Victoria represents 85 % of Kenya’s fish sypphd constitute 25 % of total

catch from Africa’s Inland fisheries (Gitonga, 2006

Fish farming has previously not been well practisedMeru County though the
region is an extensively agricultural zone. Bub&siow, fish farming is practised at
small scale by farmers, organised groups and ewitutions (Gitonga, 2006). The
demand for fish as a source of food in Meru haalased; this has led to an increase
in fish farming. As more farmers have joined theddj fish farming has faced several

challenges of infections and disease attack regult stunted growth and even death



of fish (Egbereet al, 2008). Successful pond management requires @erstanding
of the role of nutrients and other water qualityrgmaeters, as well as regular
monitoring of environmental conditions within theral’s ecosystem. Water quality is
often overlooked in pond management, and this éd$d common problems, such as
excessive algal blooms, noxious smells and subseqieath of fish. In order to
prevent these problems, an understanding of baasierwehemistry and other physical
parameters is necessary. The diseases and infettae been attributed to bacterial
invasion. Bacterial diseases are responsible fawvyhenortality in both wild and

cultured fish (Egberet al, 2008).

The main sources of contamination in water supgmespathogenic microbes, heavy
metal, organic substances and inorganic chemi@dsbey, 2002). To reduce the
potential health risk resulting from the use of teoninated water, treatment methods
are needed that are easy to use, effective, afiteddunctional and sustainable
(Sosbey, 2002). The health of fish is dependenthen quality of water. Enteric
bacteria such aSscherichia coli Staphylococcus aureus, Salmonealf#. andvibrio
spp. are likely to accumulate in fish found in watgolluted with human wastes,
located in polluted areas where hygienic standareshot maintained or in fish ponds
supplied with water from polluted rivers. Therefonerobial quality of farmed fish is

largely determined by the quality of water in whtbley are farmed (Fafioye, 2011).

Many studies have shown that the bacteria belongiogtly to generaeromonas
Pseudomonas, VibrjoSalmonella Corynebacteriumand Myxobacterium cause
infectious diseases in fish (Ampofo and Clerk, 201B. coli is a frequent

contaminant of food and water and a well-recognieed borne pathogen (Duttt



al., 2010). Fish are susceptible to a wide variety batterial pathogens. The
organisms especially bacteria are already preserith® skin and in the alimentary
tract of the living seafood’s such as fish (Ampafiod Clerk, 2010). Bacteria have
been found to cause disease subsequently leadlog poroduction rate of fish. Most
of these bacteria that cause diseases are cortsitebe saprophytic in nature. These
bacteria only become pathogens when they are gdbygsally unbalanced,
nutritionally deficient, or there are other strasseuch as poor water quality and
overstocking, which allow opportunistic bacteriaieictions to proceed (Egbeet al,

2008).

Previous studies have shown that different souafewater used for fish farming
contribute differently to bacterial invasion of Higesulting to stunted growth and
death (Egbereet al, 2008). Most aquaculture practices also favousease
occurrence, while high fish densities increasesstramong stocks and the feeds
provide abundant substrate for microbial growth @uwd-optimal environment of
inadequate water exchange predisposing infectigkrappfo and Clerk, 2010).
Physical chemical properties of fish pond water ianportant in the growth and
productivity of fish. Fish dependency on water igc@al hence the source, volume
and the quality of physical chemical parametershsas dissolved oxygen, pH,
temperature, conductivity, total alkalinity, totahrdness, total solids, transparency
values, carbon dioxide, nitrite-nitrogen, sulphatzsbonates and ammonia are some

of the salient factors to consider in relationigh fhealth (Fafioye, 2011).

Agro based industries like sugar, paper, coffe®, dairy and fish tanneries discharge

semi-treated effluents with high Biochemical Oxydeemand (BOD) to the rivers



(Nzomo, 2005). Heavy metals such as cadmium, zimercury, chromium, copper,
cobalt, nickel, manganese, iron, vanadium and naggbm cause heavy pollution
particularly in the ponds, lakes and river systemsones affected by effluents
released from industries, sewage and agriculturaing (Ida, 2012). Some of the
metals like copper, cobalt, zinc, nickel and moktdm are naturally present in low
concentrations in soils and water. The toxic métat into the ecosystem occurs
through mining activities, discharge of raw anddequately treated industrial and
municipal effluent, vehicle service station or ggraeffluent and agricultural inputs
like chemical fertilizers, herbicides and pestisig®utuku, 2010). The accumulation
of these heavy metals over time in fish leads ® shppression of fish immunity
hence allowing the normal pathogenic microbes toseaulceration and possible

septicaemia (bacteria in the blood stream) (Mut@k1,0).

Most of the fish consumed in Kenya are obtainednftbe wild and partly through
fish importation. The study of fish diseases isdeied by lack of adequate
understanding of the ecological processes involuwnegractions between pathogens
and their hosts in the aquatic ecosystem as welhasll-understood physiological
features of fish, characterized by their poikilathee behavior in contrast with the
better understood physiology of homoeothermic atsrfidyakuet al, 2007). The art
of artificial fish culturing has not been adequateleveloped and the physical,
chemical and biological environments of the fismg® that are being used for fish
farming have not been adequately studied. This waak therefore, carried out to
assess the microbial contamination, heavy metabhooination and physico-chemical
properties of selected fish ponds in Abothuguchnt@#, Meru County and to

ascertain the suitability of such ponds for ari#idish culture.



1.2 Problem statement and justification

The high demand for fish has resulted to the irs#a@a the number of fish ponds in
Abothuguchi Central, Meru County. Individual farmgrorganised groups and
institutions have developed, constructed fish parus started fish farming oblivious
of the cost. Due to lack of knowledge and failuoe consult the department of
fisheries most of the farmers are carrying out figliming in non-standard
environment (Onyanget al, 2009). Most of the farmers use large quantities o
untreated waste water discharged from domestigegfts and other industrial sources
(Onyangoet al, 2009). Most of these sources of water are higblytaminated with
heavy metals which interfere with the general pobigity of fish (Ida, 2012).
According to Egberet al. (2008) it is expected that the pH, total alkalingjectrical
conductivity and hardness as well as other physi@mical parameters lie within
acceptable ranges that would support fish prodigtithe water quality parameters
such as pH, temperature, dissolved oxygen maytteadtbreak of disease pathogens
and parasites. Polluted waters contain vast amaidrdgsganic matter that serve as an
excellent nutritional source for growth and multption of the microorganisms

(Egbereet al.,2008).

Lack of knowledge on good hygiene practices has dlgectly contributed to the

degradation of fish ponds water quality for hakitdtereby resulting to death of fish.
Lack of treated piped water is a major threat$b farming in the region. Most of the
farmers use water from rivers, streams, boreholells, swamps and tap water. Most
of the harvested fish from this region are smabkiire an indicator of stunted growth
while some other farmers counted losses due tchd#fatheir fishes as a result of

bacterial infection. Poor construction and mainteeaof the ponds has resulted to



unconducive physical chemical properties of the ewahereby interfering with
productivity (Eze and Ogbaran, 2010). Limited sésdhave been carried out to
determine the bacteria that cause infections, séseatunted growth and death of fish
in fish ponds. This study was therefore aimed waéstigating the microbial load of
bacteria pathogens that infects, cause diseas@#iedtgrowth and death of fish
cultured in ponds with different sources of watemaddition to the physico-chemical

parameters, the presence of heavy metals andettiedts on fish.

1.3Research questions
i) Is fish pond water in Abothuguchi Central sigegintly contaminated with
faecal and pathogenic bacteria?
i) What are the levels of heavy metal contaminmatad fish pond water in
Abothuguchi Central?
iii) Is there any variability in physico-chemicahfameters of fish pond water

in Abothuguchi Central?

1.4Research hypotheses
i) The fish ponds are not significantly contamimhtevith faecal and
pathogenic bacteria in Abothuguchi Central.
i) The fish ponds are significantly contaminateitvwheavy metals in
Abothuguchi Central.
iii) There is no significant variation in the phgsichemical parameters of

pond water in Abothuguchi Central.



1.50bjectives

1.5.1 General objective
To determine the microbial load, physico-chemiaaigmeters and heavy metal levels

of fish ponds in Abothuguchi Central, Meru County.

1.5.2 Specific objectives
i) To determine the microbial quality and the lewélpathogenic bacteria in

pond water in Abothuguchi Central.
i) To determine the levels of heavy metahtamination of fish pond water in
Abothuguchi Central.
iii) To determine the variability of physichemical parameters of fish pond

water in Abothuguchi Central.

1.6 Significance of the study

Fish are important sources of both food and incoonenany people in developing
countries. For successful fish farming, the deteation of microbial composition of

pond water and its effects is indispensable. Tingifigs on the microbial load of pond
water will be used for the surveillance, preventaomd control of many fish diseases
and infections. The results will be used to eduth¢efarmers on the variability of
physic-chemical parameters and their effects oh. fiBhe stake holders will be
enlightened on the levels of heavy metal contarianadf fish ponds and their effects
on fish. There are limited studies on water quatifyfish ponds in Abothuguchi

Central, Meru County and Kenya at large. Thereftines research work will be a
contribution to data bank and stakeholders of fishming. The public will be

enlightened especially on the necessity to ensued they carry out proper



management of their fish ponds to avoid pathogéas ¢ould affect both the fish

(tilapia) and humans.

The data collected will be used to identify baegrathogens common to most of the
ponds in Abothuguchi Central region. In additioatad obtained on the quantity of
heavy metal and the physical-chemical parametdissgrive as an eye opener to the
farmers on pond water contamination. The study aldb sensitize the stake holders
in the agro based industries and the municipal cibwm the impact of raw effluent
discharge into the environment. The research walkcveate awareness among the
stakeholders on the significance of environment@hagement and conservation. The
research will enable farmers to make decisionshensburce of their pond water,
reduce fish farming cost, reduce the risk of fisfedses and infections, outbreak and

at the same time reduce the death rate of fish.



CHAPTER TWO

LITERATURE REVIEW

2.1 Fish farming

Fish farming is the principal form of aquaculturehigh involves raising fish
commercially in ponds or tanks or enclosures, Ugtdiat food. There is an increasing
demand for fish and fish protein, which has resuitewidespread overfishing in wild
fisheries hence fish farming has offered fish meakseanother sourdélasteinet al,
2006).Over the past three decades, aquaculture has gedeto become the fastest
growing food-producing sector in the world (Hastetral, 2006). A large proportion
of fish products come from small-scale producerg@veloping countries or low
income countries. More than 80 % of global aquacaltproducts are produced in
fresh water (Hasteiat al, 2006). From its early development in Asia, agliace has

undergone huge development and is today highlyrsifued (Hasteiret al, 2006).

Aquaculture consists of a broad spectrum of syst&nms small ponds to large-scale,
highly intensified commercial system§he target of every farmer is to produce a
wholesome fish of high quality and aestheticallggsing to the eyes with high yield
and economic value towards profit maximization. sThiherefore involves every
means to increase yield by fertilizing the pondsittinave low natural food
productivity with organic manure to stimulate amaprove the primary and natural
food production (Ampofo and Clerk, 2010). Althoughganic manure play greater
role in fish pond production, the potential heditizard associated with it should not
be under estimate®ince fish are cold-blooded, every aspect of tphhisiology is

controlled by temperature, which constitute toitifection of fish. Their metabolism,
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or the amount of energy they need to survive amuvgris also temperature-
dependent. Every species of fish is adapted to witkin a certain thermal range
(Udezeet al., 2012a) The art of artificial fish culturing has not beadequately
developed and the physical, chemical and biologeaironments of the fish ponds
that are being constructed have not been adequateigied or documented
(Ayanwale et al, 2012). There are several species of tilapia whiccludes;
Oreochromis niloticugcommon tilapia) Oreochromoismos sahibicus, Oreochrmois
aureus, Oreochrmois spilurus, Oreochrmois andeiisohilapia zilii and Tilapia
rendalli. The other type of fishes commonly cultured in ¥@includes the common
carp Cyprinus carpi9 and the African cat fishQlarias gariepinu¥ (Onyukaet al.,

2011).

2.2 Economic importance of fish

People in the world depend on fish as a supplemktiteir food nutrients. Fish has
become an increasingly important source of proaeid other elements necessary for
the maintenance of a healthy body (Emilgteal, 2011). Fish and seafood constitute
an important food component for a large sectiothefworld’s population (Emikpet
al., 2011). Throughout history; humans have used #&isha source of protein
(Adebayo-Tayoet al, 2012b). Fish is the third staple animal protaid forms a
cheap source of protein. Fish and fish productsstitobe an important part in the
international trade; more than 50 billion fish @aen annually indicating increasing

consumer interests in the commodity (Wadhal, 2011).

Fish has traditionally been a popular part of tiet ith many parts of the world and in

some countries constituted the main supply of ahipnatein. Today, even more
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people are turning to fish as a healthy alternativeed meat (Adebayo-Tayet al,
2012a). The low fat content of many sea foods dml dffect on coronary heart
disease of the n-3 polyunsaturated fatty acids fioothtty pelagic fish species are
extremely important aspects for health consciousplee particularly in affluent
countries where cardiovascular disease mortalityhigh (Adebayo-Tayoet al,
2012a). Although there is an argument regardingctireept of “fish for all” in India,
initiated by the World Fish Centre since 30 to 500%the Indian population is
predominantly vegetarian, there is no dispute fisatis very popular diet among the

people of the states of West Bengal, Goa and Ké&alkthivel, 2003).

In Africa, as much as 5 % of the population depeguatsly or wholly on fish for their
livelihood. Aquaculture has become one of the &stieveloping source of animal
protein to humans and animals due to dwindling WeH stocks around the world and
in particular Ghana (Al-Harbi and Uddin, 2005; Aslyiand Flake, 2010). In Nigeria,
the rearing of African cat fish is proving to béuarative option for small scale inland
fisheries (Egberet al, 2008). Egberet al (2008) noted that fishes are responsible
for about 55 % of protein intake of Nigerians. Unifmately, most of these are
obtained through naturally occurring fish from théld and partly through fish
importation. Generally, fish are good sources tdmins B12 and B6 (Adebayo-Tayo
et al, 2012). It is also a good source of fluorine aodine which are needed for

development of strong teeth and the preventiorodgégin man.

Economic studies have demonstrated that fish faynmmAfrica can be a good source
of income. Fishery products are important not dntyn a nutritional point of view,

but also as an item of international trade andijorexchange earner for a number of
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countries in the world (Yagoub, 2009; Adebayo-Taoal, 2012a). Fish farming
provides cash to families in addition to supplermanthe diet of the farmers. Fish
can be an important source of cash; even for fagnwéh limited resources (Egbeeé
al., 2008). Nigeria is the largest African aquacwtyroducer with over 600,000
metric tonnes a year. Egypt with over 400,000 ro¢tmnes follows Nigeria, and then
there are only five other countries (Zambia, Madaga, Togo, Kenya and Sudan)

that each produce more than 100,000 metric tortbgisefeet al, 2008).

In Kenya, fish farming is practised both in smaltidarge scale. In some cases, fish is
a cash crop which fetches a lot of money. Fish iiagnis practised at a high degree
around Lake Victoria which contributes 85 % of dmaintry’s fish. The most common
fish which most of the farmers culture or grow ierga is tilapia (Gitonga, 20Q6)
The annual average total production of fish in Kaemy estimated at 200,000 metric
tonnes (MT) (Gitonga and Achoki, 2003). The fiskersector contributes about 5 %
to the country’s gross domestic product (GDP). 094 the sector raised 8 billion
Kenyan shillings, which supported the livelihood about 500,000 people. The
fisheries sector employs about 50,000 people whectlly benefit from it, mainly
from fishing, fish trading on local and internat@markets and employees in various

sections of the fisheries industry (Gitonga and @th2003).

2.3 Bacterial infections and diseases

Fish are prone to various infections just like $itezk that hamper their reproduction,
growth and appearance and which affect their wiooleness. Fish take a large
number of bacteria into their gut from water, sesfitnand food (Emikpet al, 2011).

Fish are generally regarded as safe, nutritiousbameficial but aquaculture products
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have sometimes been associated with certain foledysasues (WHO, 2007). More
than 140 invasive bacteria species have been f@ehin great lakes and other water
bodies. All these have contributed negatively te #tonomic impact in various
countries (Udezet al, 2012). It has been well known that both frest Brackish
water fishes can harbor human pathogenic bactenticplarly the coliform group

(Emikpeet al.,2011).

Numerous group of bacteria particularly coliformogp enters into the fish gut
through water, sediment and food (Duta al., 2010). Faecal coliform in fish

demonstrates the level of pollution in their enmiment because coliform are not
normal flora of bacteria in fish (Emikpet al, 2011). However, consumption of fish
and shell fish may also cause diseases due tdimfear intoxication, some of these
diseases have been specifically associated withogahs which are resistant to
antibiotics (Adebayo-Tayet al, 2012b). This resistance can further be passed on

human beings after the consumption of fish (AdebBggoet al, 2012a).

The microbiological flora in the intestines of deads such as finfish, shellfish and
cephalopods is quite different being psychotropihicnature and to some extent
believed to be a reflection of general contamimaiio the aquatic environment. In
filter feeding bivalve Mollusca shellfish (oystdmas shown that high accumulation
and concentration of bacteria and viruses fromeh@ronment is generally taking
place (Emikpeet al.,2011). Worldwide, all fisheries are threatened/asious factors

such as pollution, which brings about the introchrctof industrial waste which

comprise of various inorganic and organic waste mwdsive species of bacteria
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which are majorly enteric in nature, and their éargoint is the colonization of the

intestine of fish and other sites in the fish (Uslekzal, 2012b).

The high density of bacteria in fish may be dughtar consumption of bacteria for a
long period of time through food and water (Shandaal, 2009). The survival of
these bacteria is dependent on the conditions fireyan the aquatic environment
and fish are often simply their hosts (Emilgteal, 2011). Bacteria are prokaryotic,
harmful bacteria can enter water through two maimrees which are point sources or
non-point sources of contamination. Point sources #hose that are readily
identifiable and typically discharge water througystems of pipes, but non-point
sources originate from a wider area (USEPA, 2088kcessful invasion depends on
the ability of the pathogen to outcompete the nérméro flora for nutrients

(Ampofo and Clerk, 2010).

Bacteria can make fish sick and even kill themn#&ture both salt water and fresh
water fish can contract bacterial diseases, andraqu fish are even more at risk.
Bacterial infections often follow a parasitic infason. Parasites, such as flukes,
create microscopic holes in the skin of the fistl tirat allows bacteria (almost always
present in even healthy ponds) enter and infectishe This type of bacterial problem
usually manifests as red, infected sores calledrsid=ish acts as an important food
vehicle for some zoonotic pathogens sucBasnonellaandVibrio. Contamination of
fish with pathogens is a major public health concdihe presence @almonellain
seafood has been reported in Vietnam, India, StkaaThailand, Taiwan, Japan and

Nigeria (Adedejiet al, 2012).
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Most of the organisms isolated in the study by AdebTayoet al., (2012a) causes
food poisoning such as shigellosis, salmonelloaissed byShigellaand Salmonella
respectively. Infection also results when pathogéaicteria, such aseromonasand
Pseudomonasbuild up and attack a fish whose immunity systsmow. It can
develop over time or be brought in by other fisactrial diseases are responsible for
heavy mortality in both wild and cultured fish. friare susceptible to a wide variety
of bacterial pathogens. According to a researci®hyukaet al. (2011), out of 162
samples analyzed, 133 (82.1 %) were contaminatild,Svtyphimuriumas the most

prevalent (49.6 %), followed Hy. coli (46.6 %), and lastly. cholerag2.8 %).

Bacterial diseases are common in all fish and oowost often when environmental
conditions, such as water quality, are not favaabladequate oxygen levels in the
pond can stress fish and make them susceptibladtetal infections. Emikpet al
(2011), notes that fish samples of different sosireere contaminated with total
aerobic bacteria as well as enterobacteria. Figjpotl quality should have bacterial
count less than 2@er gram but what was obtained from the fish sampkamined
in the study exceeded the acceptable limit reconaie@rby Food and Agricultural
Organization (1979) (Emikpet al, 2011). These contaminations are often associated
with spring die-offs in fish ponds. As the water rma during the spring, fish
weakened by the winter months are often invadetddvynful bacterial that can cause
death. This weakened condition can also be enhamgdrenzied spawning activity

that further stresses the fish (Emilgieal, 2011).

A study carried out in Lake Victoria indicated tHegh collected from the beaches

were contaminated with enteric bacteria. This waisnfl to be due to the use of
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contaminated water collected directly from the lékelocal artisanal fish processors
to clean the fish due to lack of piped water (Orayekal, 2011). These organisms are
likely to accumulate in fish in waters polluted vituman wastes, located in polluted
areas where low hygienic standards are maintaimeid éish ponds supplied with
water from polluted rivers (Onyuket al, 2011). Bacteria are common and widely
distributed in the aquatic environment in varioaste of the world with the water
temperature having selective effect on the growftliah. This group includes the
genus Vibrio. The psychotropic grows at low temperature belodv°2 while
mesophillic grows at a temperature betweeri@@ 45°C. Non-indigenous bacteria
consist ofSalmonellaspecies Shigellaspeciesk. Coli andClostridium perfrengens

which may be due to polluted fish pond water (Orayeikal, 2011).

Bacteria represent a major and important group isfaarganisms because of their
frequent occurrence and activities that may haveegative impact on fish quality
(Hasteinet al, 2006). These bacteria may enter the fish thrabghgills, penetration
of egg membrane, ingestion, rupture of skin, wouadshrough the digestive tract.
Symptoms of bacterial infections include: loss ppetite, fin and tail rot, pale gills
and fluid in the abdomen. Behavioural signs of aées includes decreased feeding;
weak, lazy or erratic swimming; floating on wateittwthe belly up, gathering or
crowding at the inlet. Physical signs include ggmmouth, cloudy or distended eyes,

open sores, lesions, loss of scales, pale, ersdadlen, bloody or brownish gills.

Previous studies have shown the presence of siergeg&. Coli, Pseudomonas,
Salmonella, Proteus, KlebsietadVibrio) in the fish hence posing a threat to the fish

industry (Udezeet al, 2012b) Bacterial diseases in aquaculture can be controed
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antibiotics; however continuous intensive use dibartics was undesirable as it leads
to the development of undesirable resistance amely reducing the efficacy of the

drugs (Alishmaa, 2007).

In addition, antibiotics accumulate in the envir@mnand in the body of a fish, thus
posing a potential hazard to consumers and torthieomment(Abutbul et al, 2004).
The implications of the presence of these pathogerise fish ponds examined are
that they could cause mortality to the fish andldalso cause several diseases to
man on consumption of improperly heat-processexqitil caught from these ponds

(Egbereet al.,2008).

2.3.1Escherichia coli

Escherichia colis a thermo-tolerant coliform that belongs to thi@l coliform group.
Thermo-tolerant coliforms are capable of fermentimcfose at 44.5+0.2 °@E. coli
are differentiated from this group by their abilityproduce indole from tryptophan or
by the production of enzyme R3-glocurinadase (Mwau®10). It is believed to be of
faecal origin and has been found to be presenteishffaeces in concentrations as
high as 18 per gramE. coliis found in sewage, treated effluents, all naturaters
and soils which are subject to recent faecal comation, whether from humans,
agriculture or wild animals and birds. It has beaggested thd. coli may be found
or may even multiply in tropical waters that aret reubject to human faecal
contaminationEscherichia coliand other groups of coliforms may be present where
there has been faecal contamination originatingn frearm-blooded animals (Chab

al., 2003).
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E. coliis recognized as a good indicator of faecal comaton (Chacet al, 2003). It

is identified as the only species in the coliformoup found exclusively in the
intestinal tract of human and other warm-bloodeinais and subsequently excreted
in large numbers in faeces, approximatel§ fér gram (Geldreich, 1983; Onyuka
al., 2008). Invasion of fish muscle due to the brgekaf immunological barrier of
fish by pathogens is likely to occur, when the feste raised in ponds with faecal
coliforms, E. coli and Salmonellaof greater than fOper ml in pond water,
respectively (Guzmaet al, 2004).Escherichia coli the predominant species of the
faecal coliforms, has been found in the intestitnatt of fish on the gills, in the
muscles and on the skin when sewage water hasuseehto rear fish (Ampofo and

Clerk, 2010).

2.3.2Salmonella species

Salmonellais a motile, non-spore forming, Gram-negative, sbdped bacterium in
the family EnterobacteriaceaBalmonellais facultatively anaerobic (can grow with
or without oxygen), catalase positive and oxidasgative bacteria (Huss and Gram,
2003).Salmonellaspecies can multiply and survive in the estuarimgrenments and
tropical freshwater environments for weeks althowgien marine waters are free
from Salmonella(Huss and Gram, 2003). These mesophilic organamslistributed
geographically all over the world, but principalbccurring in the gastrointestinal
tracts of mammals, reptiles, birds, and insectseanvironments polluted with human

or animal excreta (Saeed and Naji, 2007).

Adebayo-Taycet al., (2012a), noted that high prevalenceSaimonellain catfish can

be attributed to high temperatures in pond watdriclw promoted the growth of
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Salmonellaspecies as well as the cross contamination frasneva to flesh during
processing. Heinitzt al. (2000) highlighted that the incidence 8&lmonellain
seafood is highest in the central Pacific and Afmicountries and lowest in Europe
including Russia, and North America (12 % vers %). Salmonellosis is a food
and water-borne bacterial infection of man and afsmThe U.S. Food and Drug
Administration’s (FDA) data showed tha&almonellawas the most common

contaminant of fish and fishery products (Allshoasal, 2004).

2.3.3Vibrio species

Vibrio species are Gram-negative, facultatively anaerabatjle curved rods with a
single polar flagellum. The family Vibrionaceae @&utochthonous to aquatic
environments including estuarine, coastal watedsssaiments worldwide, and some
species are well known pathogens of marine orgamisitiuding fish and shellfish
(Merwadet al, 2011). Vibriosis is one of the major diseasebfgms in shellfish and
finfish aquaculture. Vibriosis is caused by grangaié/e bacteria in the family
Vibrionaceae. Most of the species are mostly meafioplyenerally occurring in
tropical waters and highest numbers are in tem@evaters during summer months.
Species such ag. cholerae, V. parahaemolyticus, V. vulnificus,alginolyticus, V.
mimicus, V. fluvialis, V. furnissii, V. metschniikoV. hollisae and V. damselare
human pathogens (Adelege¢ al, 2010). They account for a significant proportan
human infections such as gastroenteritis, usualipeated with consumption of raw
or undercooked seafood, wound infections, septiaeand ear infections (Adeley

al., 2010).
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Although the vast majority of environmentdl parahaemolyticussolates are non-
virulent, it is a leading cause ghstroenteritis linked to seafood consumption & th
United States (lwamotet al. 2010; Wafaaet al, 2011). Seafood products harvested
from contaminated waters or which have been impitggeeserved after harvesting
are known to play an important role in infectiorysvibrio spp. especially crustaceans
(Wafaaet al, 2011). Water temperature can greatly affectithgo levels in seafood.
Vibrio can multiply rapidly between 20 °C and 40 °C (FEFDO05).Vibrio is acid
sensitive and grows best at pH values slightly abopeutrality that is 7.5 to 8.5

(FEHD, 2005).

2.3.4 Pseudomonas species

They are gram-negative, non-acid fast, non-spangatods with single polar
flagellum, measuring about 2x0u4 Pseudomonaspp. is found in soil, fresh water,
sediments and sea water, and is known as planta@tdcolonizers (Hossaiet al.,
2006). Pseudomonas aeruginoss a gram negative pathogen, versatile and
opportunistic in terms of its genetic, metaboli¢gmtial and mechanism of virulence.
The bacteria belonging to the gerfeseudomonaare present in most natural waters
and infect most species of fish. These parasites @nsidered opportunistic
pathogens, causing disease when the host is sedjecsome type of stress (Egbere

et al, 2008).

Pseudomonaspp. has been credited with causing pseudomonmidaemia, red spot
disease, fin or tail rot, and others on fish. Fisteases caused #eromonasand
Pseudomonasspecies are considered to be the major bacteri@lgms facing

aquaculture development causing mass mortalitieduaced production and low
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quality of aquatic organisms. Clinical symptomslinie, haemorrhages in the mouth
region, opercula, and ventral side of the body. I[Bpetechial haemorrhages can
occur throughout body cavity. Organs such as ther land kidney may also be
affected. Bacteria of the genBseudomonaalso afflict fish with fin rot and internal
ulcers. This bacterium effectively attaches itselthe tissue of the host fish by means

of little hair like structures called fimbriae (Tyket al, 2012).

2.3.5 Streptococcus species

Streptococcuspecies are Gram-positive bacteria that causgtBteccal infection in
fish due to intensification of aquaculture and esusignificant economic losses in
fish farm industry (Guret al, 2006) Most Streptococcuspp. has an optimum growth
temperature of about 37 °®Gut some will grow at temperature as low as 10&C,
characteristic that supports their general appearas pathogens of fishes (Alshimaa,
2007). Historically, Streptococcuspecies were not serious pathogens of fish, but
recently this bacterium have become more promiaadtcause high economic losses

in wild and cultured fishes (Russbal, 2006).

Alshimaa, (2007), noted that the external signseolsd on infected fish by
Streptococuspecies have hemorrhage in the anal and pectosaland petechial on
the abdomen with bilateral exophthalmia. Affecteshfmay exhibit one or more of
the following clinical signs, depending on the fispecies, which were erratic
swimming such as spiraling or spinning, loss of yamwy control, lethargy,
darkening, uni- or bilateral exophthalmia "pop- ‘gyeorneal opacity (whitish eye),
hemorrhage in or around eye, base of fins, anus;, the heart, or elsewhere on the

body, the gill plateascites and ulceration (Alishmaa, 2007)
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2.3.6 Contamination of fish with other bacteria

Aeromonad bacteria are ubiquitous in the envirortraed severaheromonaspecies
have been reported to cause disease in fish, dsawdleing potential food-borne
pathogens that may cause disease in humans (Hastaln 2006).Hafnia alvej a
Gram-negative, facultative anaerobic bacteriumhef family Enterobacteriaceae, is
found in natural environments, such as sewage,asuil water, but is also a gastro-
intestinal commensal (Hasteat al, 2006). This bacterium is not usually considered
pathogenic but has occasionally been reported tsecaisease in fish as well as
terrestrial animals and humans (Padikd al, 2005; Hasteinet al, 2006).
Streptococcus agalactieafects numerous wild and cultured fish speciesldvade
and causes disease involving septicemia and cealboiz of numerous organs.
Mycobacteriosis Nlycobacteriumspecies) is a chronic disease reported in seawater,
brackish water and freshwater fish species, in egjtire and aquariums as well as

from the wild (Hasteiret al, 2006).

2.4 Parasites

Parasites are capable of causing damage to its bgsinjuring tissues or organs
while burrowing or consuming food. Despite the witigus distribution of many of
these parasites, infestation of a host is usuatitdd unless the host is subjected to
increased stress. Increased stress may take tineofocrowding, insufficient oxygen
levels, or poor water quality (Adedeji and Adetu@p04; Adedejiet al, 2012). The
damage done to the host will usually be directlpportional to the level of
infestation. The parasites can produce bloody hssimn scaled fish and erosion of

fins and spines in all species. Gills can becomellsw, hemorrhagic, and produce
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heavy mucus. Mortality can result with heavy infecs. Several helminths inhabiting
fish as larval stages are capable of causing disems human beings if they are
ingested (Adedeji and Adetunji, 2004; Adedeg@t al., 2012). Nematodes or
“roundworms” infect many different species of faarend wild fish. Small numbers
of nematodes often occur in healthy fish, but mgimbers cause iliness or even death

in fish (Adedeji and Adetunji, 2004; Adedegt al, 2012).

2.5 Fungi

Fungi are generally considered secondary symptarfish as they usually only occur
where other trauma, such as injury or disease, beated an opportunity for fungal
infection. The presence @&spergillusspp can produce some toxins that are fatal
(Adebayo- Tayeet al, 2012a). This could become the possible sourespérgillosis
transmission among the consumetspergillusand related molds generally grow
faster and are more resistant to high temperatares low water activity than
Penicillium spp. and tend to dominate spoilage in warmer ¢ésgDoyle, 2007,
Adebayo-Tayoet al., 2012a). Many aspergilli produce mycotoxins: afkats,

ochratoxin, territrems, cyclopiazonic acid (Doy2607; Adebayo Tayet al, 2012a).

2.6 Zoonotic effects

Viruses, bacteria, fungi and parasites in fish ntayse disease or food-borne
infections in humans. Under certain conditions,t&aa which cause fish diseases
may also infect humans, without necessarily beegarded as a major human health
problem (Zakiaet al, 2012). Several bacteria are, however, reportectause
infection and mortality in both fish and humans ahdse represent a particular

hazard, caused either by handling infected fisfisinfarms or in grocery stores or by
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the ingestion of raw or inadequately processecctatefish and/or contaminated fish

products (Hasteiet al, 2006).

The genusStreptococcusncludes many species that can cause diseasdfenedt
hosts, including fish in sea, brackish and freshiewas well as in mammals and
humans (Hasteiet al, 2006).Streptococcus iniabas been described as a cause of
disease in both fish (mad fish disease) and pefaeklamet al, 2005; Hasteiret

al., 2006). SeveraMycobacteriumspp., such asl. marinum M. cheloneiand M.
fortuitum have beemeported in both fish and humans (Hastetnal, 2006). Fish
with mycobacteriosis pose a particulaslgnificant threat of transmitting the infection
to humans and thus may well become hazardousutban health (Hasteiat al,
2006). These bacteria cause diseases and infectidmsmans such as salmonellosis
(003) typhoid fever (001); paratyphoid fever (002iprio parahaemolyticugnfection

(005.8); and shigellosis.

The presence of faecal coliform in fish intended¢ fmuman consumption may
constitute a potential danger in causing disedsear also be a possible transfer of
antibiotic resistance from aquatic bacteria to hamafecting bacteria from
nonaquatic sources (Ampofo and Clerk, 2010). Comation of hands and surfaces
during cleaning and evisceration of fish is a commumute for pathogenic infection in
humans (Adedejet al, 2011). Human infections caused by pathogens rnriesl
from fish or the aquatic environment are quite canndepending on the season,
patients’ contact with fish and related environmetiétary habits and the immune

system status of the exposed individual. They &endoacterial species facultatively
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pathogenic for both fish and man and may be isdlétem fish without apparent

symptoms of disease (Novoteyal, 2004).

Novotny et al (2004), noted that humans get infected througttazd with infected
fish while handling them, water or other constitiseof fish life environment and
orally by consumption of infected fish or relate@gucts or food contaminated with
water or other constituents of water environmengtcdbacteriosis is a disease caused
by Mycobacterium spp and it is particularly significant among infectsn
transmissible from fish to human beings. Mycobactes of fish is a chronic

progressive disease spread all over the world (Ngwvet al, 2004).

2.7 Sources of bacterial contamination

According to the U.S. Environmental protection AgenUSEPA), 90 % of the
world’s water is contaminated. The causes of comtation include: pathogenic
microbes, heavy metals, organic substances andanir chemicals. Worldwide, all
fisheries are threatened by various factors, sscpadiution, which brings about the
introduction of industrial waste which comprise \drious inorganic and organic
waste and invasive species of bacteria. These fimetee majorly enteric in nature,
and their target point is the colonization of theestine of fish and other sites in the
fish (Udezeet al, 2012a). Man, in his effort to get rid of his wess has introduced
into natural water bodies, noxious substances d@nefiorganic wastes that promote
the growth of pathogenic bacteria, fungal, viratl gmotozoan microbes (Adams and

Kolo, 2006).
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In resource poor countries, where waste disposdhadeis known to be poor,
constituting a negative impact on the water bodiEHss has ended up affecting
aquatic life in water bodies and also contributinghe poor transportation system,
which encourage the development of water weedssél vater weeds have an effect
on fish whereby they reduce their life span assalteof the various toxins released
into the water. Faecal source of pollution has oated to the high level of fish

disease which has been experienced in recent (lddezeet al.,2012a).

Public health must therefore be of prime conceremtiealing with fish farming and
its products. Countries with less restriction olease of waste into water bodies and
those that use untreated wastewater for aquacutiust be more observant (Ampofo
and Clerk, 2010). There is a correlation betweagamisms found in water and in
fishes. These organisms could have gotten into rweaden normal sources such as
faecal contamination by man and other animals (gdéal, 2012a). Fish cultured in
various types of organic waste fertilized ponds swsceptible to infection with
pathogenic bacteria. Fish from the non-fertilizezhgh had bacteria detected in the

different tissues but at relatively low numbers (@afo and Clerk, 2010).

Atiribom et al (2007) reported that high concentrations of b@&ctand nitrates
discharged into water can occur from animal hushaongerations like grazing and
that this can result in health hazards to man dubké presence of pathogens. A major
activity in aquaculture is the application of cownd, poultry droppings to pond
bottom as manure during pond fertilization. Suctivaes and the direct deposition
of human faecal wastes in water bodies in manjsadial effort, lead to contamination

of water bodies with pathogens and other toxic sutees Atiriborret al (2007).
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In intensive aquaculture, disease tends to spratvely easily because of the high
density of stocking and intensity of feeding initiad water areas. The proliferation of
disease-causing agents through the common watecesbetween ponds, farms and
the stocking of fish, fingerling or brood stock risported from other fish farms
without adequate precaution, can spread diseas&sligd and Okonji, 2005).
Majority of water borne pathogenic microorganismgee water courses as a result of

faecal and waste water contamination (Adewoye aseignlola, 2010).

2.8 Quality of water

Just as farm land is to crops in terrestrial adiuca, so is water to fish farming. Fish
performs all their body functions in water. The lkijyeof the water in which fish are
contained is therefore very important to their liiveod. Environmental conditions are
some of the major factors that limit fish produntidcSuch factors include water
guality, relating to physical, chemical and biokajiproperties of the ponds (Fafioye,
2011). The ponds and rivers that harbor the fisly beathe source of contaminants.
This may be due to indiscriminate deposition of Bamanimal excreta and other
environmental wastes into natural water and larfds Ts mainly during the rainy
season, as the faecal matters from various soareasashed from contaminated land

into different water bodies (Emikyet al.,2011).

Physical factors that are important in domestib fewming include, shape and size of
fish pond, types of substrata material, temperatumbidity and pond transparency.
The chemical factors include: Dissolved Oxygen (P&kalinity, hardness of water,

hydrogen ion concentration (pH), conductivity andnenal constituents such as

nitrates and phosphates. In addition, there ardodiimal factors which equally
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influence fish production; such factors include etgion, predation and aquatic
plants (Ayanwaleet al., 2012) The quality (bacteriological, physico-chemical and

chemical) of water determines to a great extenyidle of fish in a fish farm.

Water quality parameters include turbidity, pH,ctlieal conductivity, temperature,
total dissolved solids and anions like chlorides#tates, and fluorides and heavy
metals. The heavy metals affect organisms espgeién they build up in biological
systems and become hazards to organisms (Osha).Z0bdre are laid down
international standards that the load of bactawa @hysico-chemical quality of water
used for fish farming must meet. Among these qualdarameters are the standards
specifying that water for fish farming should nohtain more than 400 coliforms/100
ml and no pathogen should be present (Egbera., 2008). In pond ecosystem,
water quality and soil properties play a significeoie in the life of benthic organisms

(Tabatabaiet al, 2009).

The suitability of water for the survival and grdwdf fish is governed by a myriad of
water quality variables. According to Udo (200Te quality of water used in a pond
is affected by the chemical properties of the soiiswhich it runs. In the course of
constructing fish ponds the upper horizons of #reestrial soil is usually excavated,
thereby exposing the subsoil to water when ponddilked. The main requirement is
that, soil for pond consists of a mixture of pdetscfrom within or outside the pond
and the accumulation of sediments which have adaentact with water can either

enhance or hinder the growth of benthic organishM&rakbyet al, 2006).
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The increasing demands placed on the currentlyladblai water resources can raise
the potential of contaminating surface water armligd water by enteric pathogens.
Faecal contamination through untreated or inadefpdteated sewage effluents
entering lakes, rivers or ground waters that im tserve as water supplies creates
conditions for rapid dissemination of the pathogé@vsvajuma, 2010). This shows
that different sources of water contribute to tletbrial load of fish pond and the

effect of these pathogenic bacteria on fish.

2.8.1 Physico-chemical parameters

Fish population from various breeding systems magffected by diseases that are as
a result of physical and chemical ambient, nutmsicand constitutional agents. Water
chemistry is defined by a multitude of parametensich are more important for fish
life such as pH, dissolved gasses (oxygen and pnadiaxide), organic matter in
suspension, its concentration in ammonia, nitritdgates, phosphates, chlorides,

sulfates, hydrogen, sulfides, detergents, pessaahel phenols (Vasile, 2008).

2.8.1.1 pH

The general state of water quality can be estimayepH, which is a simple measure
of acidity or alkalinity. Optimum pH for fish groWwtand health is between 6 and 9
(Stone and Thomforde, 2003). The pH of pond watemiluenced by amount of
carbon dioxide present which originates from aniarad plant respiration (Udest
al., 2012a). The pH value below 7 represents acididitions while that above 7
indicates alkalinity Fish do not grow well in ponds with acidic wateshich usually
are located on acidic soils, but acidity in ponds be corrected by liming (Silapajarn

et al, 2004).Mortalities will occur when pH values are lessritia5 or greater than
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10. In addition to the direct effects pH can hawuefish and other aquatic animals, it
interacts with other water quality variables sushasnmonia, hydrogen sulfide, and
dissolved metals, affecting their aqueous equiitriand toxicity as well (Rossana,

2012).

2.8.1.2 Conductivity

The electrical conductivity (specific conductanc#)water is an expression of its
capacity to conduct a current and is related tocthrecentration of free ions and to
water temperature. These ions play a critical iokfe lives of fish and their presence
or absence in water determines the productivity gnagvth of fish (Mwaura, 2005).
Conductivity provides a quick, convenient estimatehe ionic content and thus the
guality of water, as well as a quick check on watepected of having received ionic

pollutants (Mwaura, 2005).

2.8.1.3 Dissolved Oxygen

Dissolved oxygen (DO) is one of the most importamater quality factors for pond
owners. Oxygen is needed by fish and other aqoagianisms, and levels of DO will
determine the ability of ponds and other water ésdbd support aquatic life (Thilza
and Muhammad, 2010). Oxygen dissolves in water eay J\ow concentrations
measured in parts per million (ppm, which can beduinterchangeably with
milligrams per liter (mg/L). Ponds will rarely havaore than 10 ppm DO. Most
oxygen in water is produced by algae and greenglimnough photosynthesis and is
also naturally incorporated into water from the @¢phere through surface diffusion

and turbulence caused by wind (Rossana, 2012).
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Warm water increases the metabolism of fish andretbee increases their
consumption of oxygen. Fish exposed to low, nowlelévels of DO over prolonged
periods will be chronically stressed, stop eatenyd be more susceptible to disease.
The optimum range is 5.0-15.0 mg (Thilza and Muhammad, 2010). Low oxygen
concentrations also increase the activity of art@erbacteria, which create methane
and hydrogen sulfide gases during anaerobic decsitiggo Whenever DO levels fall
below 3 to 4 ppm, oxygen stress will occur. Lackadéquate dissolved oxygen is the
leading cause of fish deaths. Normal oxygen coniters healthy pond will range

from 5 to 15.0 mg ! (Rossana, 2012).

2.8.1.4 Ammonia

Adverse environmental parameters can have direttdarect effects on fish. Direct
effects are where tissues are damaged directly Wwatar quality problem, such as
ammonia causing gill damage. In some cases suehtef€an be mitigated by other
parameters. For example, the toxicity of ammonianigch reduced by low pH and
low temperature (Thilza and Muhammad, 2010). Ammoisi a form of nitrogen
found in organic materials and many fertilizergsithe first form of nitrogen released
when organic matter decays and is the main nitrogenvaste excreted by most fish
and freshwater invertebrates. Fish exposed toethiadllevels (greater than 0.02 ppm)
for extended periods of time can lead to reduceavtir and increased susceptibility

to disease (Thilza and Muhammad, 2010).

2.8.2 Heavy metals
A heavy metal refers to any metallic chemical eletmihat has a relatively high

density and is toxic or poisonous at low conceiunat (Irwandi and Farida, 2009) the
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heavy metals do not generally break down furth&y less harmful constituents and
they accumulate where they are released, (Adtaal 2009). The pollution of the
aquatic environment with heavy metals has becomeoddwide problem during
recent years, because they are indestructible as af them have toxic effects on
organisms. Among environmental pollutants, metedsad particular concern; due to
their potential toxic effect and ability to bio aroulate in aquatic ecosystems (Censi
et al, 2006). Due to high level of toxicity, persisterend tendency to accumulate in
surface waters, heavy metals and metalloids ane d@ngerous for living organisms
if their concentration is higher than allowed. Disstion of heavy metals ions in
water is a very slow process and they cannot bexabetted by metabolic processes.
Pollution of the aquatic environment by inorganfemicals has been considered a
major threat to the aquatic organisms includingds The agricultural drainage water
containing pesticides and fertilizers and effluesft;ndustrial activities and runoffs in
addition to sewage effluents supply the water bodid sediment with huge

quantities of inorganic anions and heavy metals&C2002).

Heavy metal concentrations in aquatic ecosystengs wsually monitored by
measuring their concentrations in water, sedimantsbiota, which generally exist in
low levels in water and attain considerable conegioin in sediments and biota.
Heavy metals including both essential and non-ésdexlements have a particular
significance in ecotoxicology, since they are hyglpersistent and all have the

potential to be toxic to living organisms (Storellial, 2005).

Sediments are important sinks for various polligdike pesticides and heavy metals

and also play a significant role in the remobili@aat of contaminants in aquatic
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systems under favorable conditions and in intevastibetween water and sediment.
Fish samples can be considered as one of the iga#icant indicators in freshwater
systems for the estimation of metal pollution (Qukret al., 2009). For the normal
metabolism of the fish, the essential metals mastaken up from water, food or
sediment. These essential metals can also produimedffects when the metal intake

is excessively elevated (Ozortakal.,2009).

Oyewale and Musa (2006) noted that the heavy nsttdlis of the lower basin of
Kainji dam (used for hydroelectricity generatiowhich includes Lakes Kainji/Jebba,
Nigeria had the potential for human exposure toheaetals from eating fish caught
in the lakes. Water, sediments and fish from tkedavere sampled and evaluated for
As, Cu, Co, Cr, Fe, Mn, Ni, Pb, Sbh, Ti, V and Znngsthe energy dispersive x-ray
florescence technique (Oyewale and Musa, 2006)aieé Mn were found to be
present at high mean concentrations in the watrfid 9ug §), sediment (7,092
and 376ug Q) and fish (11.4 and 4.6ug’gsamples. Ti (4.1 ug9, Cr (2.2 ug g),
Co (1.2 ng §), Cu (1.3 pg @) and Pb (1.2 pgd in the water samples and Ti (27 pg
g-1), V (27 pg g-1), Cr (27 pg g-1), Co (40 pg g49) (33 ug g-1), Cu (25 pg g-1),
Zn (59 pg g-1), and Pb (19 pg g-1) in the sedingamples were found to be of

medium mean concentrations (Oyewale and Musa, 2006)

A research was carried out on the status of heastalsiin water of river Gomti,

India. The metals were analysed using Flame Atohhisorption Spectrophotometry
(FAAS). They found the heavy metals in the rivetavdo be in the range of 0.0013
to 0.0043 mg for copper, 0.0791 to 0.3190 ritgfor iron, 0.0144 to 0.0298 myfor

Zinc (Singh and Mohan, 2005). They concluded thatwater was unpolluted with
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respect to copper, iron and zinc but highly poliuteith respect to lead (Singh and
Mohan, 2005). The metal concentrations in fish nsgémuscle, gills and liver) of
Oreochromis niloticusare closely associated with metal content of waied

sediments (Samir and Ibrahim, 2008).
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Study area

The study was carried out in Abothuguchi CentragériiCentral Sub-County, Meru

County (Fig 3.1). The area was chosen due togfis humber of fish ponds which use
diverse sources of water. Abothuguchi Central iieshe North Eastern side of Mt.
Kenya and this is one of the geographical feattlhes$ contribute to the climatic

patterns experienced in the region. Abothuguchirekties along the equator and
within longitudes 3720E and latitude D03N with an altitude of approximately 5199
meters and this explains the cool temperaturesrexqued all-round the year. It has a

total population of 116,516 (KNBS, 2009).
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Figure 3.1. Map of Kenya showing Meru County fromagle maps. Triangles
indicate the sampling points.
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It lies within the time zone of EAT (UTC+3) andhias many seasonal and permanent
rivers hence water scarcity is not much of a pnoble the area. The soils are
volcanic and very rich in almost all the plant mernts especially in the high areas.
The precipitation experienced in the area is birhodaereby the short rains are
experienced between March and May while the lomgsrare experienced between
October and December. This pattern enables theefarto grow a wide range of
crops for subsistence and commercial purposesofftex major crop in Abothuguchi

Central is coffee as well as tea in areas neakKkhya.

The average rainfall received in a year is 1300 imrihe highlands and 380 mm in
the low lying areas of Abothuguchi Central. Howetrex kind of crops grown varies
depending on the ecological zones which vary imseof precipitation, temperature
and soils. Some of the crops grown in the highlandside cash crops such as coffee,
tea, sugar, pyrethrum and food crops such as msiggrcane, bananas, sorghum,
millet, yams and cassavas. Livestock reared inchadiée, sheep, rabbits, chicken and

goats.

3.2 Sampling design and sample size

This was a cross sectional study design. The sampkchnique employed was
stratified sampling in which the sampling zone wasded into five locations which

were approximately two Kilometers apart and fronthedocation, six sites (fish
ponds) were identified. The samples were taken fesmry site twiceThe sampling

technique mainly targeted different fish ponds witiferent sources of water,
geographical patterns and economic activities. $hes were Mbwinjeru (Mbu)

whose main source of water was a river, it is pu agricultural zone and its
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located on the lower sides of Abothuguchi Centrehde it experiences high
temperatures as compared to other site. The sesimdvas Kithirune (Kit) whose

source of water is mainly tap water and it is ledaaround a market place; it is quite
cold due to its altitude as compared to Mbwinjdre third site was Githongo which
is within a market, the farmers use tap water and cold due to its altitude. The
fourth site was Muri which next to Mt. Kenya foregtis extremely cold due to its
high altitude and the farmers uses River water. flitte site was Kianthumbi (Thu)

whose source of water is a swamp and it is on ailaititude other than that of

Mbwinjeru.

The samples were collected from each fish pondewietween November 2012 and
May 2013. The samples were collected during thesgason and the dry season to
cater for seasonal variations. With the confideinterval of 95 % and an error of 5

%, the sample size was determined using the forimpRisher (Fisher, 1998).

n=2gD
“d

Where n= sample size, p= anticipated prevalencelwivas 3 % (0.03) in this study,
g= failure which was calculated as (100 % -3 %)irgv97 % (0.97), Z= is the
appropriate value from normal distribution for thesired confidence level which was
1.96 in this study, d= allowable error (0.086) &wldesign effect which was given a
value of 2 because replication was carried outeBam 3 % prevalence and Z value
of 1.96, the sample size was:

n= 1.96(0.03x0.97x2¥ 30
(0.086)
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At each fish pond, water samples were collectecectly into pre-sterilized

polypropylene (glass) bottles of 250 ml.

At the fish ponds, 250 ml bottles were opened as&pt, then held at their bases and
submerged to a depth of about 20 cm with the méadimg upwards. Samples were
taken by filling the bottles to the top to excludie. A total of 30 samples were
collected which are consistent with Sareteal. (2011). The ponds were stirred before
the samples were collected. The water samples eadlected in 250 ml plastic sterile
bottles and then placed in ice cool box at a teatpes of 4 °C after which they were
transported to Kenyatta University Microbiology dabtory for analysis. All the

samples were analysed within 24 hours.

3.3 Bioassays

3.3.1 Detection of faecal streptococci (FS)

Azide dextrose broth was used for the detectiofa@tal streptococci in the fish pond
waters. The single double strength broths wereuladed with 10 ml of the water
samples with the use of a pipette and incubat& &C for 24 hours. Presence of gas
production and fermentation of sugars (indicatedHsyyellow colour change of the
Bromthymol blue) were used as positive tests whvelne confirmed by presence of
colonies on Kenner faecal (KF) (Mariita and Oken2809). The presences of
pinpoint colonies from the slant were Gram staittedonfirm the presence of FS. All
red and pink colonies were counted (using colonynter) (Mariita and Okemo,

2009).
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3.3.2 Detection of faecal coliforms

The analysis of water for the presence of faeciorms was carried out using the
multiple—tube fermentation technique (APHA, 200Bhis was carried out in three
steps; the presumptive, the confirmed and completsid. Each batch was inoculated
with the diluted (all dilutions were carried outing sterile water blanks) water
samples. In the presumptive test a three seriéigseotubes each containing 10 ml, 1
ml and 0.1 ml portions of the sample were inocdatéth lactose broth initially
sterilized by autoclaving. Pure sterile lactosetlbravas inoculated with sterile
distilled water in the same way and used as a @bnrtroculated tubes were then
incubated at 37 °C for 48 hours (Gyles, 2007).i®téwop transfers was made from
all tubes showing acid and gas production (of totdiform MPN) to tryptose bile
broth (EC Broth) and incubated at 44 °C for 24 kouGas production in a

fermentation tube within 24 hours or less was atergid as a positive reaction.

The estimated number of faecal coliforms, presentt@0 ml was read from a
tabulated probability table using correspondinguitssof various combinations of
positive and negative reactions from each of theettbatches (APHA, 2003). For
confirmation, samples that were considered to hawvgositive reaction from the
tryptose broth were streaked on a plate of Eosithiélue (EMB) agar which gave
well isolated colonies. Incubation was carried @u87 °C for 48 hours. Development
of the typical colonies on the plates was obsemed a Gram staining carried out.
Completed test was carried out by picking two cmsrthat were considered to be of
faecal coliform and transferring them to nutriega&slopes and fermentation tubes
containing brilliant green lactose broth. Incubatiwas again was carried out at 44.5

°C for 48 hours. From the agar slope, a Gram steas made to confirm the
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completed test. Brilliant green lactose broth wks® abserved for gas production
(Gyles, 2007). Gas and turbidity in the tubes all a® metallic sheen or pink with
dark centre colonies on EMB agar indicated positordaecal coliforms. All isolates
that produced gas at 44.5 °C, stained Gram negatidevere non spore forming and
rod-shaped were regarded as faecal coliform andaota¢ counts calculated using a

standard probability table (APHA, 1992).

3.3.3 Detection ofSalmonella

Identification of Salmonellawas carried out in three successive phases. Thke fir
phase of selective enrichment was carried out uiegtetrathionate broth base as
outlined by APHA (2003). One millilitre of each splm from different sites was
mixed well with 10 ml of tetrathionate broth ancktmixture was incubated for 24
hours at 35 °C. For selective growth, the phasplating (pour plating method was
carried out using 1 ml of the enriched with nutti@gar) samples. Streaking was
carried out from the same enriched samples on Ddmtste Citrate (DCA) agar,
Salmonella-Shigella (SS) agar and MacConkey agadi@ws and Hammack, 2003).
Incubation at 37 °C was carried out for 24 hounsurBeration of typical colonies
(typical colonies clear to pale pink on DCA againkpon SS agar and white on
MacConkey agar) was carried out using colony cauatel Gram staining. Typical
colonies were confirmed by biochemical tests: TBlptility and urease tests

according to the procedure described by Mariita@kdmo (2009).

3.3.4 Screening foNVibrio

Vibrio detection was carried out in three successive ghase
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(i) Enrichment in a non-selective medium
One ml of the samples was enriched in sterile mikgbeptone water and dispensed in

10 ml tubes (HPA, 2003). Incubation was carriedfoutl8 hours at 35 °C.

(i) Plating out on selective medium

The streaking of the enriched samples was carug¢a Thiosulfate citrate bile salts
(TCBS) agar. For quantitative analysis, pour ptatifi the samples was carried out.
The agars were incubated at 35 °C for 24 hours.pfesence of characteristic yellow
colonies was suspected to be\abrio choleraeafter streaking was carried out on

nutrient agar (Mariita and Okemo, 2009).

(iif) Biochemical reactions
Gram staining was carried out and confirmed by lémaical tests such as such as
TSI, Motility test, Citrate utilization test, uremgest and cytochrome oxidase test

among others (Mariita and Okemo, 2009).

3.3.5 Detection ofEscherichia coli

In suspected case Bf coli, samples were inoculatéoto enrichment glucose peptone
broth and incubated at 3T for 24 hours before being sub-cultured onto Sorbi
MacConkey agar (Boppt al, 1999). After 24 hours of incubatioBscherichia coli
were identified based on morphological and biocleairtests such as motility-indole-
urease test, methyl-red-voges-proskauer (MRVP)aedtSimmons citratetilization

(Alam et al., 2010).
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3.3.6 Detection ofPseudomonas

i) Isolation procedure and maintenance

Isolates were prepared from the samples collectedhé use of membrane filter
method together with a selective growth medil®seudomonaspp. was isolated
using a qualitative method, after concentrating d0@f pond water through 0.48n
membranes which were then pre-enriched in NKS Qéle plates (Sartorius AG,
Germany) at 30 °C for 24 hours. Enrichment waWlid byPseudomonaselective
medium (Oxoid, CFC-SR103) at 30 °C for 24 hourssifR@ cultures were sub
cultured on Nutrient Agar (NA) (Difco) for the isdlon of a pure single colony for

identification (Hossaiet al, 2006).

if) Morphological and biochemical characterization

Colony characteristics, including green pigmentdpiciion were determined on
Acumedia and NA (Difco). All isolates were charaized by the following classical
tests according to Bergey's Manual of Systematict®&#ology (Palleroni, 1984):
Gram staining, cytochrome oxidase production, eatlproduction and growth on

MacConkey agar at 42 °C.

iii) Biochemical tests

a) Oxidase test

On a strip of paper 2-3 drops of oxidase reageme ywtaced. With the use of a glass
spreader a moderate amount of the organism was take streaked on the moist
surface of the paper. A nichrome wire which couidedfalse positive results was
avoided. The presence Bseudomonawas confirmed by the appearance of intense

purple colouration (Hossagt al, 2006).
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b) Nitrate reduction

On nitrate broth, an NBA plate (Nitrate blood agags dried at 37 C for one hour
after which the plate was seeded by stab inoculatith the sample under test and
then it was incubated overnight at°&€Z Formation of large greenish zone which was
as a result of the reduction of nitrate to nitrikdhich subsequently caused the
alteration of the haemoglobin to methaemoglobin wubacterial growth confirmed
the presence d?seudomonagOn the use of nitrate broth, the reduction ofatérwas
based on the presence of the bacteria which caeskedtion of nitrates into nitrite,
ammonia, nitrous oxide and nitrogen gas. The mittabth was made by combining
nutrients broth, 5 g/litre KN&@or NANO;. One tube of nitrate broth having a Durham
tube was inoculated. One millilitre of naphthylameoand 1 ml of sulphanilamide
reagent were added to the tube cultures. Reduofioitrates was confirmed by the

appearance of red colour within 80 seconds (Hossaah, 2006).

3.4 Heavy metals quantification

The determination of heavy metal presence and cdrat®n in the water samples
was carried out by the use of Flame Atomic AbsorptSpectrometer (FAAS no
VAA 350) Contamination levels of manganese, leadn,i zinc and copper were

analysed.

3.4.1 Metal standard solutions
These were prepared by accurately weighing 1.00 theometal powder in a clean
beaker and carefully adding 20 ml concentratedcratcid. The resulting solution was

then transferred into a 1 litre flask and madeauthe mark with distilled water. The
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solution contained 1000 pg/ml of the specific mefhiis was stored in labelled
plastic containers as stock solution. Dilutions averade to obtain working solutions
of varying concentrations for different metals whiwere later used with FAAS

(APHA, 1992).

3.5 Physico-chemical parameters

Physical and chemical parameters that is water ¢eatyre, pH, salinity, DO, total
alkalinity, transparency, sulphates, phosphatesatas, ammonia and electrical
conductivity were measured in situ using a portdbeversal multiline P4 WTW
(Wilheim Germany) meter. The meter was calibrated aperated as per the
manufacturer’'s instructions. At the sampling poittie measuring probes were
lowered into the water and then allowed to setilelf2 minutes before the readings

were taken (APHA, 1992).

3.6 Data analysis

The data was analysed by the use of StatisticalyAisaSystem (SAS) computer
software Version 9.3. Two way ANOVA was used towshbe interactions between
the sites and the seasons while One way ANOVA wsed uo determine the
significant differences at P value 0.05. P value of <0.05 was considered as
significant. For significance difference, Tukey srést Significant Difference (HSD)
test was used to separate the means. Correlatedficoent test was used to determine

whether there was a relationship between faeagtsicocci and faecal coliforms.
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CHAPTER FOUR

RESULTS

4.1 Enumeration of faecal bacteria indicators and etection of pathogens
Faecal bacteria were quantified while pathogenatédva were detected and

confirmed using biochemical procedures.

4.1.1 Enumeration of faecal bacteria indicators

There was significant interaction (p=0.0001) betwseason and site in determining
the FS CFU/100ml populations (Table 4.1). The FSJCEOOmI during the dry
season were not significantly different (P=0.6048)n the FS CFU/100ml during the
wet season, however their population was higheénduhe wet season (Table 1). The
FS CFU/100ml differed significantly (p=0.0001) ihet various sites. Streptococcal
species showed white colonies on streptococcal ¢df alates (Plate 4.1a), cream
colonies on nutrient agar plates (Plate 4.1b) andiened by Gram stain (Plate 4.2

a).

There was no significant (0.9367) interaction be&msite and season in determining
the MPN of faecal coliform in the fish pond wat€éhe FC MPN /100 miduring the
dry season did not differ significantly (p=0.0680pm the MPN during the wet
season (Table 4.1). The MPN varied significantlyQy®001) in the various sites
(Table 4.1). The wet season indicated a high pojpnlaf FC as compared to the dry
season. The FC MPN /100 differed significantly (36@1) in the various sites when
compared with the seasons. In addition the precalaf FS from all sites showed a

significant positive correlation with that of FCX10.832 at P < 0.01 level).
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Table 4.1: Populations of Faecal streptococci an@décal coliform

TREATMENT POP FS CFU/100mL POP FC MPN/100mL

Season
Wet season  575466.67 + 90950.51a 150.533 +17.1043a
Dry season  546833.33 + 61069.36a 115.600 + 22.0154a

gli;t?]?)ngo 768166.67 + 84811.09 k 189.750 + 40.2319ab
Kithirune 423333.33 +28954.86 ¢ 139.917 + 7.8889bc
Mbwinjeru 1079166.67 £109533.8¢ 248.583 +19.6740a
Muri 396750.00 + 100441.31« 70.417 +9.3909cd

Kianthumbi 138333.33 £ 18701.54d 16.667+ 2.6949d

P values

Season 0.6043 0.0680
Site 0.0001 0.0001
Season*site 0.0001 0.9367

Values (MeanstSE) followed by dissimilar letter(g8long the columns are
significantly different at R0.05 (Tukey’s HSD test)

Key

Pop- Population (Each column represents the separaf means and the standard

deviation)

FC-faecal coliform density expressed in MPN/100 (nmost probable number) and
FS-faecal streptococci density expressed in CFUMD@colony forming unit).

According to one way ANOVA, there was significapt=0.0001) difference in FS
CFU/100mL in all the sites during the dry and weason (Table 4.2). Higher FS
CFU/100mL populations were observed during the sesison (W) in all sites as
compared to the dry season (D) (Table 4.2). The sestson indicated a high
population of FS as compared to the dry season. HBeCFU/100ml differed

significantly (p=0.0001) in the various sites withe highest population being
observed in Mbwinjeru and the lowest in Kianthurfitkble 4.2) in both dry and wet

seasons. There was significant (p=0.0001) diffezeimc FC MPN in all the sites
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during the wet and dry season (Table 4.2). ThedsgRC MPN populations were
during the wet season as compared to the dry seasahsites (Table 4.2). The FC
MPN /100 differed significantly (p=0.0001) in theanious sites with the highest
population being observed in Mbwinjeru and the Isina Kianthumbi (Table 4.2) in

both dry and wet seasons.

Table 4.2 Comparison of FS and FC populations durig the wet and dry seasons

Site Pop FS CFU /100mL POP FC MPN/100mL

Githongo (D)  640833.33+142575.46L 170.833+81.497abc
Githongo (W)  895500.00+69538.36at 208.667+18.3588ab
Kithirune D 393333.33+34896.67cd 126.833%3.590bcde
Kithirune W 453333.33+45946.83cd 153.000+13.873abcd
Mbwinjeru D 890000.00+74565.41ab 223.333+34.988ab
Mbwinjeru W 1268333.33+181427.98 273.833+14.963a
Muri D 701666.67+84829.90bc 44.000+9.295cde
Muri W 918333.33+91851.43ak 96.833+4.743bcde
Kianthumbi D 108333.33+23863.04d 13.000+1.789%
Kianthumbi W 168333.33+24686.93d 20.333+4.835ed

P. value 0.0001 0.0001

Values (Means =SE) followed by dissimilar lettelsng the columns are significantly

different at R0.05. (W): wet season, (D): dry season.
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Plate 4.1.
KEY: a). Typical colonies of FS on KF agar.
b). Typical colonies of FS on nutriagar.

Plate 4.2

KEY: a). Streptococcal strains showing the charatien$ short to long chains
following gram stain reaction.
b). Typical colonies of faecal colifts on EMB media.

4.1.2 Detection of pathogens
Over the study period, presence of the potentipiyhogenic bacteria in water

samples from various sources varied within the dmmpsites. The pathogenic
bacteria were detected with the use of the follgwbiochemical tests: Simmons

citrate agar test, Indole testidase test, urease test, motility on SIM medaction
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on TSI, urease test and Gram stain. Several baktpathogens mainlyibrio,
Salmonella Escherichia coliand Pseudomonasrere isolated from most of the sites

though their presence was significantly different.

4.1.2.1Salmonella species

Salmonellasppwere the most prevalent with (40 %), followedHycolifound in (34
%), Pseudomonas aerugino$a6 %) and Vibrio spp. (10 %) as the least (Appendix
VIl), (Plate 4.3a-c). The TSI agar slants inocudateith typical colonies showed
yellow butts, red slants with some blackening ames with or without gas formation
(Plate 4.3d-f). There was bacterial growth and eolkchange from green to blue on
the Simmons citrate agar slant. The cytochromeasadest was positive as shown by
the formation of a blue-purple colour. Biochemidakts were used to confirm
whether the isolates were indeSdlmonellaspp. (Appendix I). These included the
utilization of citrate in Simmons citrate agar (o), indole and motility test in SIM
(both positive); reaction on TSI (positive) andase test (negative) and oxidase test

(negative).

Plate 4.3
KEY: a): BlackSalmonellacolonies on SS agar.
b): Creansalmonellacolonies on nutrient agar plate.



50

Plate 4.3
KEY: c): Salmonellacolonies on MacConkey agar plate.
d): Yellow butt and red slant and soofeckening on TSI slant showing the
presence o$almonellaspp.

Plate 4.3

KEY: e): Gas production in peptone water as indicatedoblgble formation in
Durham inserted in tube.
F): Reaction in urea agar slants. Cotthange shows absenceSs#Imonella

Spp.

4.1.2.2Vibrio species
Vibrio spp showed characteristic golden yellow colonies orBSGPlate 4.4a) and

constituted 10 % of the pathogens detected.
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Plate 4.4
KEY: a):Vibrio spp on TCBS.
b)Vibrio colonies showing motility on SIM media.

4.1.2.2.1 Biochemical analysis afibrio spp. isolated from the water samples
collected from the various sampling sites.

The identity of the isolates a&brio spp. was confirmed btypical golden yellow

colonies on TCBS and positive test for Oxidase (@&ppendix Il).

4.1.2.3Escherichia coli
In total pathogens detected, 34 % weEe coli. These were confirmed by

EnteropathogeniEscherichia col{Appendix III).
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Plate 4.5: Colourless colonies®f colion MacConkey

4.1.2.4Pseudomonas species
Of the total pathogenic bacteria detected (16%)tltgm were Pseudomonas

aeruginosaPlate 4.5, Appendix IV and VII).

Plate 4.6: Green colonies BEeudomonas aeruginosa Nutrient agar.
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4.2 Physico-chemical parameters

The season and site did not have significant intemas (p=0.1322) in determining
the pond water temperature (Table 4.3). The tenyperaanged between 18-29 °C.
There was significant (p=0.0001) difference in wagenperature between the dry and
wet season (Table 4.3). The temperature in the pweatér varied significantly
(p=0.0001) in all sites (Table 4.3). There was mmificant (p=0.6043) interaction
between site and season in determining the ponédrwatd. The water pH varied
significantly (p=0.0058) between the dry and wedssm (Table 4.3) in comparison
with the sites. There was significant differenceQ®01) in water pH in all the sites

sampled (Table 4.3).

Water conductivity in the various sites varied #igantly (p=0.0001), however there
was no significant (p=0.4628) interaction betweeassn and site determining the
water conductivity (Table 4.3). There was significdifference (p=0.0004) in water
conductivity between the dry and wet season (T4l8¢ The site and season did not
have significant (p= 0.8138) interaction in detarimg the water turbidity (Table4.3).
Pond water turbidity varied significantly (p=0.034¥tween the dry and wet season.
There was significant (p=0.0001) difference in watarbidity in the various sites

(Table 4.3).

Site and season did not interact significantly $9%) in determining the phosphates
concentration in the pond water. Phosphates coratemt in the water did not vary

significantly (p=0.7278) between the dry and weisem (Table 4.3). The phospates
concentration did not vary significantly (p=0.0588ulphates concentration in the

pond water did not differ significantly (0.0565) the wet and dry season, however
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the sulphates concentrations varied significaniky0(0001) among the studied sites.
No significant (p=0.6737) interaction was obserdsetween site and season in

determining the sulphates concentration in poné&n@table 4.3).

The nitrates concentrations were significantly efiéint (p=0.0001) among the sites,
however there was no significant interaction (p30@8) between site and season in
determining the nitrates concentration in pond waf@able 4.3). Nitrates
concentrations differed significantly (p=0.0031)tveeen the wet and dry season
(Table 4.3). Based on two way ANOVA there was ngn#icant (p= 0.9356)
interaction between site and season in determiamgnonia concentration in fish
pond water (Table 4.3). Ammonia concentration déte significantly (p=0.0464)
between the wet and dry season. Ammonia conceorirati the various sites was
significantly (p=0.0137) different. Based on theotway ANOVA there was no
significant interaction between site and seasodeitermining the amount of DO in
pond water. The amount of dissolved oxygen diddiffér significantly (p=0.0665)
based on season (Table 4.3). High DO was recordedgdthe dry season. The DO in

pond water from the various sites did not diffgngicantly (P=0.2903) (Table 4.3).
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Table 4. 3: Interaction of Physico-chemical parametrs between sites and seasons

Treatment Temp °C pH E. C (US/Cm) Turbidity PO, MgL™ SO, MgL™  NOz MgL™  NHz MgL’ DO_MgL
Season

Wet season 21.13+0.355b 5.953+0.1303b 95.96+ 11.2b 94.72+10.16a 0.324+0.09a 16.57+2.65a 21.57+3.06a 0.26+0.049a 3.997+0 .08a
Dry season 24.25+0.4003a 6.343+0.101a 128.11+13.88a 71.0+9.184b 0.28+0.104a 12.38+2.53a 14.68+2.90b 0.148+ 0.028b 4.23+ 0.092a
Sites

Githongo 23.58+0.542b 6.19+0.11ab 146.58+13.47b 95.93+11.2ab 0.445+0.15a 19.08+2.58b 26.7+3.81b  0.293+ 0.07ab 4.075+ 0.096a
Kithirune 21.79+0.66c  6.408+0.15ab 114.3+ 13.47b 118.58+12.6a 0.128+0.03a 8.93+1.003c 17.18+2.61b 0.20+ 0.078ab 4.192+0.11a
Mbwinjeru 25.8+ 0.534a 5.942+0.156bc 203.23+12.55a 111.4+11.94ab 0.605+0.25a 35.1+ 4.51a 39.22+3.55a 0.13+ 0.032ab 3.858+0.155a
Muri 20.33+0.482d 5.53+0.210c 35.30+ 3.56c 72.35+ 15.63b 0.28+0.108a 5.66+ 1.05c 6.64 +1.47¢  0.33+0.075a 4.18+ 0.123a
Kianthumbi 21.92+0.378c 6.67+0.157a 60.78+3.68c  16.09+ 2.977c 0.046+0.01a 3.63+0.51c 0.93+0.187c 0.059+ 0.008b 4.25+ 0.177a
P value

Season 0.0001 0.0058 0.0004 0.0247 0.7278 0.0565 0.0031 0.0464 0.0665

Site 0.0001 0.0001 0.0001 0.0001 0.0582 0.0001 0.0001 0.0137 0.2903
SeasonxSite 0.1322 0.6043 0.4628 0.8138 0.9995 0.6537 0.3048 0.9356 0.9772

Values (Means =SE) followed by dissimilar letteleng the columns are significantly different a0R05 (Tukey’s HSD test)

Key:

E.C- Electrical conductivity; P9 phosphates; S©Osulphates; N@ Nitrates; NH- Ammonia; DO- Dissolved oxygen.
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According to one away ANOVA, The pond water tempae was significantly
(p<0.0001) different in all the sites during the @nd wet season. Significantly (p<
0.0001) higher temperatures were recorded durieglti seasons as compared to the
wet seasons (Table 2). The highest temperaturere@sded in Mbwinjeru while
Muri had the lowest (Table 4.4) in both dry and weason.There was no significant
(p=0.5742) difference in pH in all sites during tirg and wet season (Table 4.4). The
pH of the water in all the ponds was more acidiériduthe dry season as compared to
the wet season (Table 4.4). The highest pH valoerded wasn Kithirune while the
lowest value recoded was in Muri during the drysssawhile Kianthumbi had the
highest value with Muri having the lowest duringethvet season. There was
significant (p= 0.0001) difference in conductivity all sites during the dry and wet
season (Table 4.4). Significantly (p= 0.0001) heginductivity of the pond water was
observed during the dry season in all ponds (Tab#). The highest electrical
conductivity was recorded in Mbwinjeru while Muradh the lowest (Table 4.4) in

both dry and the wet season.

Turbidity of the pond water was significantly (p6001) different in all the sites
during the dry and wet season (Table 4.4). Tunpidif the pond water was
significantly (p=0.0001) higher during the wet smasis compared to the dry season
in all sites (Table 4.4). The pond water was sigaiitly (p=0.0001) least turbid
during the dry and wet season in site Thu (Tab4g. 4 he turbidity of the sampling
sites varied between 16 and 118.0 NTU during thdysperiod.The highest value of
turbidity recorded was in Mbwinjeru while the lowesgalue recorded was in

Kianthumbi in both seasons.
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There was no significant (p=0.3740) difference m$phatesoncentration in all the
sites during the dry and wet season. Mbwinjeru néed the highest levels of
phosphates while Kianthumbi recorded the lowestbaith seasons (Table 4.4).
Sulphates concentrations were significantly (p=01)Qdifferent in all the sites with
the highest concentrations being recorded duriegatt seasons as compared to the
dry seasons (Table 4.4). The highest concentrat@s recorded in Mbwinjeru and

the lowest in Kianthumbi in both seasons.

There was significant (p=0.0001) difference inati®s concentrations in all the sites
during the dry and wet season (Table 4.4). Sigaifily (p=0.0001) higher
concentrations of nitrates were observed duringwbieseason as compared to the dry
season (Table 4.4). Mbwinjeru had the highest ewdlile Kianthumbi recorded the
lowest concentration in both seasons. Ammonia aan&gons were not significantly
(P=0.0466) different in all the sites during theg dnd wet season (Table 4.4). The
highest levels were recorded in Muri while the Iswén Kianthumbi. Dissolved
oxygen (DO) concentration in the pond water was alst significantly (p= 0.4445)
different in all the sites during the dry and weason (Table 4.4). The highest value

of DO was obtained in Muri while the lowest in Mimjéru in both seasons.
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Table 4.4: Comparison of Physicochemical parametetsetween the wet and dry season

SITE Temp °C PH E. C (us/cm) TURBIDITY PO, Mg_L* SO, Mg_L™ NOs Mg L NH; Mg L' DO Mg L™
Git D 25.17+0.48b 6.33+0.163a 165.20+ 19.55b  84.47+18.00abcc 0.398+ 0.21a 16.17+ 4.36bcd 20.73 + 6.34bc 0.225+ 0.07a  4.167 +0.17a
GitW  22.83+0.31b 6.16+0.166a 127.95+16.65bcd 107.39+13.17ab 0.4917+0.24a 22.00+ 2.62bc  32.62+3.09ab 0.362+ 0.13a 3.98+ 0.098a
Kit D 24.58+0.201b 6.60 +0.126a  135.7+18.39bc 100.50+21.71ab 0.115+ 0.039a 7.37+0.63cd  12.07 +4.42cd 0.12+0.028a 4.317+0.191a
KitWw  22.67+0.21cd 6.22+0.259a 92.9+16.65cde 136.67+9.795a 0.142+0.06a 10.50+ 1.75cd 22.28+ 0.24bc 0.277+0.155a 4.067+0.112a
MbuD 27.33+0.42a 6.34+0.307a 230.0+16.03a 105.50+1.432ab 0.568+ 0.455a 30.13+ 8.162ab 33.93+ 6.47ab 0.087+0.044a 3.917+0.229a
MbuW  24.00£0.00bc 6.10+0.25a  176.46+12.22ab  117.21+24.73ab 0.642+ 0.248a 40.00 +3.64a  44.50+1.53a  0.173+0.043a 3.80+ 0.228a
MurD  21.83+0.17ed 6.33+0.29a  41.67+3.073ef 52.32+20.94bcd 0.270+0.163a 4.82+0.764d  5.93+2.19dc  0.257+0.093a 4.37+0.2155a
MurW  19.17+0.31f 5.932+0.36a  28.93+5.482f 92.38+ 21.80abc 0.297+0.16a 6.50+1.996cd  7.35+2.13dc  0.403+0.119a 4.00+ 0.082a
ThuD  23.00+0.37cd 6.617+0.24a 68.00+ 4.00def 12.22+0.95d  0.042+0.0la 3.42+0.712d 0.75+0.28d  0.047+0.0la 4.367+0.23a
ThuW  20.58+0.20e 6.610+ 0.267a 53.55+4.721ef 19.97+¢5.66cd  0.050+ 0.010a 3.83+0.79d 1.10£0.256d  0.072+0.012a 4.13+0.279a
Pvalue <.0001 0.5742 <.0001 <.0001 0.3740 <.0001 <.0001 0.0466 0.4445

Values (Means =SE) followed by dissimilar letteleng the columns are significantly different at0R05. (W): wet season, (D): dry season.

Key:

E.C- Electrical conductivity; P9 phosphates; SOsulphates; N@ Nitrates; NH- Ammonia; DO- Dissolved oxygen.

Localities: Mbu- Mbwinjeru location, Git- Githongo locatioKjt- Kithirune location, Mur- Muri location, Thu- ithumbi location.
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4.5 Heavy metals

The data has shown that, the order of occurrenbe@afy metals in water is: Fe > Mn
> Zn > Cu > Pb. Data on heavy metals was analysetyuwo way ANOVA. There
was no significant (p=0.3619) difference in the @amiration of lead in the ponds
between wet and dry season (Table 4.5). There wasgnificant difference (0.1929)
between the lead concentrations in all the sitebl@4.5). No significant (P= 0.9035)
interaction was observed between the season amdirsitinfluencing the lead
concentration in the ponds (Table 4.5). Githongmréed the highest concentration
of lead while Kianthumbi recorded the lowest. Datacopper concentration showed
significant difference (P=0.0341) in Copper concatitn between the dry and wet
season (Table 4.5). No significant difference (1738) in Copper concentration was
observed among the sites. Two way ANOVA showed igoifccant (p=0.7814)
interaction between site and season in influen€iogper concentration in the ponds.

Mbwinjeru had the highest concentration of coppkilevKianthumbi had the lowest.

The study showed significant (p=0.0290) differemc&inc concentration in the water
between the dry and wet season (Table 4.5). Thasene significant (p=0.1752) in
Zinc concentration in pond water among the siteso Tvay ANOVA showed no
significant (p=0.8056) interaction between site asghson in determining Zinc
concentration in the pond water. The highest vadfieZinc obtained from the

sampling sites was in Mbwinjeru while the loweslueawas in Muri.

Iron concentrations in the ponds did not diffemgigantly (P=0.7892) between the
wet and dry season (Table 4.5). It was also obdeihvat the Fe concentrations in the

various sites did not differ significantly (p=0.8)8 There was no significant



60

(p=0.9998) interaction between season and sitetarchining the iron concentration
in the pond water (Table 4.5). Kianthumbi had thghest concentration of iron while
Muri had the lowest. Manganese concentration in waer varied significantly
(p=0.0384) between the dry and wet season, howsmraparison of the sites showed
no significant (p=0.2800) difference in Manganesaaentration in the ponds (Table
4.5). There was no significant (p=0.8435) intex@attbetween site and season in
determining Manganese concentration in the pon@r&ianthumbi had the highest

concentration of manganese while Muri had the lewes
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Table 4.5: Comparison of Heavy metals between seasoand the sites

TREATMENT  Lead MgL* Copper MgL™ Zinc_ MgL ™ Iron MgL ™ Manganese Mgl
Season

Dry 0.035 +0.02007a 0.0691+ 0.01661b 0.0768+0.01478b 0.3174+0.09277a 0.1900+0.02851b
Wet 0.068% 0.031a 0.1272+ 0.02101a 0.1397+0.02378a 0.3537+0.08965a 0.29667+0.04054a
Site

Githongo 0.145% 0.0609a 0.10917+ 0.0293a 0.1167+0.02401a 0.33417+0.04226a 0.19167+0.062107a
Kithirune 0.0993+ 0.0614a 0.0967+ 0.03192a 0.1025+0.01871a 0.3150+0.04384a 0.2083+0.064501a
Mbwinjeru 0.0101+ 0.0032a 0.155+ 0.0438a 0.1658+0.04498a 0.397+0.07995a 0.300+0.06963a
Muri 0.002+ 0.00039a 0.0517+0.017a 0.0533+0.00873a 0.1354+0.03053a 0.1917+0.03786a
Kianthumbi 0.0018+ 0.0004a 0.07817+ 0.022a 0.1029+0.04476a 0.4965+0.30404a 0.3250+0.04106a
P values

Season 0.3619 0.0341 0.0290 0.7892 0.0384

Site 0.1929 0.1738 0.1752 0.5488 0.2800
SeasonxSite 0.9035 0.7814 0.8056 0.9998 0.8435

Values (Means

+SE) followed by dissimilar letterbong the columns are significantly different akOR05 (Tukey's HSD test).
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CHAPTER FIVE

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
5.1 Discussion

5.1.1 Microbial quality of fish pond water

Faecal bacteria (faecal streptococcal and faed#bicn) were detected in all the
samples. This confirmed that the water used in fish ponds was faecally
contaminated (Ashbokt al, 2001; Hunteet al, 2002; Emikpeet al, 2011). High
faecal contamination detected in the present studynilar to the findings reported in
Pakistan (Nahiduzzamaet al, 2000) and Italy (Maugeréet al, (2000). On the
population of the faecal bacteria, there was sicgnift variation in their populations
across all the sites at p=0.0001. These levelsllirtha sites exceeded 1.0X10
CFU/100 ml recommended by FAO (1979) hence all wlager samples collected
showed high levels of contamination. On the popaabf the two faecal bacteria,
Pearson correlation analysis indicated that prexaleof FS from all sites showed a
significant positive correlation with that of FC #r0.732 at P < 0.01 level). These
results are consistent with the findings of (Egbeteal, 2008) in Nigeria and

(Fafioye, 2011) in Ghana.

A previous study has shown that the lack of animaste management as well as
wastewater could directly affect water quality aesult of surface run off (Ampofo
and Clerk, 2010). Surface run off could be a plalesisource of pond water
contamination especially during the wet season (@im@and Clerk, 2010) in Ghana.

Free roaming animals and pets especially dogscalstrsibute to faecal contamination
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of surface water. In addition, there are also eatthred by farmers that too roam the
region for green pastures. Along the rivers in tl@gion, there is possible run-off
from roads, parking lots and yards that could beyoay animal wastes into natural
water course and ponds (Emikgieal, 2011). In the studied region of Meru, like any
parts of Meru is densely populated, a factor thatuld contribute to pond
contamination due to closeness of latrines to wpténts, washing and bathing in
rivers which serves as the source of fish pond m@eyle, 2007; Adebayo-Tayet

al., (2012a).

Mbwinjeru had the highest population of both faesta¢éptococci and faecal coliform
in both the dry and the wet season. This could thebated to the agricultural

activities that take place around the site. Marand fertilizer used by the farmers
may have found their way into the ponds. The highgeratures found in this area
could be providing a conducive environment for grewth of the bacteria. The
source of water used in this area is mainly fronver and therefore it might be the
source of contamination. The farmers mainly usersvas the source of their fish
pond water which may harbour some bacteria. Thewbnfjs are consistent with

those of Ghana (Emikpet al, 2011).

Kianthumbi had the lowest population of faecal ineocci and faecal coliform in
both the dry and the wet season which could becadsd with its source of water
which is mainly from a swamp and the zone is atdatively cold. These findings are
consistent with those reported in Nigeria (Eghbetral, 2008). Faecal coliform in fish
demonstrates the level of pollution of their enmiteent because coliforns are not the

normal flora of bacteria in fish. Birds can be gndiicant source of faecal coliform
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bacteria. Swans, geese and other waterfowl caglalhate bacterial counts in ponds
(Doyle and Ericson, 2006). The presence of faeskfiocms in all the sampling sites

was an indication that water sources in the fagssivere contaminated.

5.1.2 Pathogenic Organisms

From water analysed in these fish ponds, pathogkaateria were also detected
(Appendix VII). Salmonellaspp. were the most prevalent with 40 %, followgdeh
coli, with 34 %, Pseudomonas aeruginod® % andVibrio spp. 10 % (Appendix
VIl). These findings are consistent with previousidees conducted in Kisumu
County, Kenya by Onyanget al (2009); in Nigeria Egberet al (2008); in India
(Nabonitaet al, 2011) and Cameroon (Kuitcled al, 2010). These bacterial isolates
are common intestinal bacteria of both animals &odnans gut however this
contamination may also have come from public utéekavater or water taken by
animals or cycling between the livestock and teawironment or even contamination

in feedgDoyle, 2007; Adebayo-Tayet al, (2012a).

Potential sources of these pathogens in waterdeclmastewater effluents, combined
sewer overflows, run-off from urban land, animalstea and municipal waste sludges
disposed off on land or in water (Rahal. 2008). Previous research has shown that,
different kinds of livestock manure are contamidatéth pathogenic bacteria such as
Salmonella, Shigella, Pseudomonas, Vibrigtreptococcus and E. coli species
(Abdelhamidet al.,2006). This therefore shows that sources of comtatoin in the
sites could have been as a result of human andstdigle activities
(Emikpeet al, 2011). The bacteria from fish only become pa#msgwhen fish are

physiologically unbalanced, nutritionally deficienbr there are other stressors
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namely: poor water quality, overstocking, whicho®ll opportunistic bacterial

infections to prevail (Austin, 2011). In additioRhysico-chemical characteristics
influence the growth and diversity of microbial pdgations. The study has indicated
that the fish ponds were significantly contaminatgth both faecal and pathogenic

bacteria.

5.1.3 Physico-chemical parameters

The variations observed in the physico-chemicaperties of the fish ponds carried
out in the present study could be attributed toittiliences of the micro-climatic,
topographic and edaphic conditions of fish pondth@area. In addition, human and
animal or livestock activities could also be a daciThe findings were similar to those
reported in Nigeria by Kumar (2004) and in Samb@aunty, Kenya by Mwaura
(2005). The highest recorded temperature and tesb(Table 4.2) were within the
recommended limits of 20 °C to 30 °C Kumar (2004 World Health Organization
has recommended 27 °C as the permissible limiffigbr growth and productivity
(WHO, 2006) while the Environmental Management Auitly of Zimbabwe has set a
limit of 35 °C (EMA, 1997). The low temperature walcould be attributed to the site
of some of the ponds for example Muri and Kithirumigich were in a region of high
altitude bordering a forest. During the wet seasiom temperatures were low as
compared to the dry season. These findings ardasitoi those reported in Samburu

County, Kenya (Mwaura, 2005).

Water from Mbwinjeru and Githongo was found to tighgly warmer due to their
geographical location being on a lower altitudee Thiarm temperature provides

better growth and food conversion than low tempegea{Chaudhari, 2003; Mwaura,
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2005). These findings are in congruence with previstudies conducted in Kenya
(Mwaura, 2005). The lowest value observed fall nedxceptable range of between
24 °C and 34 °C for the tropics according to a ey study in Nigeria by Udo
(2007). Ideally, increased temperature causes @ease in the metabolic activity of
the fish while reducing the DO content in the systéAfzal et al., 2007). WHO
recommends a temperature range of between 25 °Gaf@ for good performance
of fish (WHO, 2006). High water temperature enhartte growth of thermo-tolerant
microorganism. At temperatures below 15 °C, themgnoof fish ceases and they may
end up dying while at very high temperatures, thetess solubility of oxygen, stress
and fish may eventually die. Aquatic organisms d¢alerate a wider range of
temperatures, provided that fluctuations are neee sudden and of long duration

(Priyadarshinet al, 2011).

The pH values obtained are consistent with theirdiggl by Mwaura (2005) in
Samburu County, Kenya; in Nigeria Ayanwae al. (2012) in the USA (Sipauba-
Tavareset al, 2007) and in BraziBilapajarnet al. (2004) The desirable range for
pond pH is 6.5 - 9.0 according to WHO (Appendix \@0d the acceptable range
which is in between 5.5 to 10.0 (Stone and Thondgp&D03). The mean value of the
pH falls below the recommended pH range of 6.50-WHO (2006) for good fish
performance which shows that all the fish pondsevaidic. It is only Kithirune (dry
season) and Kianthumbi (wet season) which had alpé¥e 6.5. During the wet
season, the pH was alkaline. The low pH could lmeen caused by acid sulphate run
off (Silapajarnet al, 2004).Low pH might also be attributed to high rates afboam
dioxide release by zooplanktons during respirafidns is a common phenomenon in

aquaculture ponds (Silapajagnhal.,2004)
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Higher acidic levels observed in the present stodyld be due to the chemical
additives applied to the aquaculture pond with lbjedive of better production, high
stocking density or lack of buffering activitiestime farms as indicated by pH values
on. This observation was consistent with the figdirin Nigeria by Thilza and
Muhammad (2010)The values of electrical conductivity were withiretpermissible
limit set by WHO of 1000 uS/cm (WHO, 2006). Theg aiso consistent with the
findings in Brazil (Sipauba-Tavarest al., 2007). The high values of electrical
conductivity experienced in Mbwinjeru may be duehigh temperatures where as
those in Muri may be due to low temperatures aasediwith the altitudes. Electrical
conductivity is the measure of the ability of watieiconduct an electric current. Since
the electric current is conducted through the mau@nof ions in solution, it also
gives an indication of the concentration of ionsaial dissolved salts in the water.
The low levels during the wet season may be ateibwo the rainy season in which
the samples were collected. Previous studies Hawersthat dilution of water during
the rainy seasons lowers the levels of electrioadactivity (Sipatuba-Tavarest al.,
2007). The electrical conductivity was high durthg dry season which corresponds

to a study in Samburu County, Kenya (Mwaura, 2005).

The values of turbidity varied significantly. Thalues were within the permissible
limit set by WHO of 1000 mg/l (WHO, 2006). The résun the present study are
consistent with the findings in Nigeria (Ehiagbaand Ogunrinde, 2010) and Ghana
(Takyi et al., 2012). Turbidity affects the appearance of waWater with high
turbidity is normally associated with high microlmigical contamination which is in

congruence with the bacterial population in Mbwinjevhich had high values of
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turbidity. This High turbidity may be as a resultrains which cause flooding which
may result to soil erosion and surface run off leedepositing nutrients, silt, and
domestic wastes into the water. Kianthumbi hadldiaest values of turbidity due to

the source of water which was a swamp.

The values of phosphates varied significantly. €héigures were consistent with
those obtained by in Nigeria (Ehiagbonare and Ggdar 2010). The values obtained
from Mbwinjeru exceeded the permissible limit sgt WHO of 0.5 mg/l (WHO,

2006). The High values are suggestive of possibleigion of the fish ponds under
study which is supported by a previous study in UBAidtisn and Boyd, 2005). The
source of water for Mbwinjeru was a river and itsvam agricultural zone. The higher
phosphorus concentration may be associated with ilceease in phosphorus
produced during the decomposition of organic fiedil and also from the feed
through fish excreta. Both soluble organic phospbioand orthophosphate are
released during the process of organic fertilizecamposition under aerobic
conditions (Wudtisn and Boyd, 2005). Kianthumbi Haa/ levels of phosphates in
both seasons which may be associated with the s@mirwater and less agricultural

activities.

The values of sulphates varied significantly whégk consistent with the findings in
the USA Gilapajarnet al.,2004). The World Health Organisation has recommended
100 mg/l (WHO, 2006) and therefore they are witthe limits. The values obtained
are higher than those reported in Nigeria (0.661109 mg/l) (Ehiagbonare and
Ogunrinde, 2010). The high values found in Mbwinjepuld be associated with the

high usage of detergent and soaps by people imeighborhood or high usage of
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fertilizers in farming (Ehiagbonare and Ogunrin@®10). The values of nitrates
obtained from this study varied significantly (Tabt.3). The values obtained were
within the recommendations of WHO of 50.0 mg/l (WHZDO06). These values are
consistent with the findings reported in Nigeria Bjpiagbonare and Ogunrinde
(2010). However, the values were lower than thegonted in Brazil by Sipauba-

Tavareset al. (2007). The high value of nitrates in Mbwinjeru lroth seasons

suggested that there is the presence of pollulixetbacteria and pesticides (Nzunga,
2011). This can be remedied by water change anetadse in plant density. The
higher levels can be attributed to agricultural dodhestic activities and surface run

offs during the rainy season (Nzunga, 2011).

The values of ammonia were within the recommend&des of less than 1 mg/l
(Kumar, 2004). The mean value was within the pesibis limit set by WHO of 0.5
mg/l (WHO, 2006). The high values obtained in Marboth seasons could be due to
low temperature and the high rate of feeding amd $bocking density densities;
hence the excess feed decomposes and pollutes adhe water (Thilza and
Muhammad, 2010). Ammonia is introduced into the dothrough dead
phytoplankton, uneaten feeds, dead and decayiranmrgnatter. It can be attributed
to addition of manure to fertilize the pond or tigh the process of nitrogen fixation

by algae and water plants (Edwards, 2008).

Ammonia in the range >0.1 mg'Ltends to cause gill damage, destroy mucous
producing membranes, effects like reduced growtly leed conversion and reduced
disease resistanc&mmonia affect fish in different ways for exampldewn they are

poisoned by ammonia, fish congregates close tavéiter surface, gasp for air and are
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restless (Edwards, 2008). Their skin becomes lagitbred and covered with thick
layer of mucus. In some cases hemorrhages occurdynad the base of the pectoral

fins (Thilza and Muhammad, 2010).

The DO values varied significantly across the sitésvever, these levels were below
the WHO recommended values of 5.0 mg/l and abovel@Q\2006). The low DO
obtained may be attributed to the small size ofgbeds and eutrophication due to
over fertilization with manure or fertilizer (Thézand Muhammad, 2010). This may
be due to the presence of microbes and plantshsafe not the only consumer of
oxygen in aquaculture system. Low concentratiodisgolved oxygen in water causes
suffocation in fish while its super saturation magult into the gas bubble disease
leading to the mass mortality of fish in both thases. Low dissolved oxygen
concentration increases the toxicity of ammonia cidture organisms.Oxygen
depletion in water leads to poor feeding of fisargtion, reduced growth and more
fish mortality, either directly or indirectly Bacta, phytoplankton and zooplankton
consume high quantities of oxygen (Thilza and Muimam, 2010). The solubility of
oxygen in water decreases as the water tempergtcmreases.The study has shown

that the physico-chemical parameters varied sicgnifily in all the study sites.

5.1.4 Heavy metals

Heavy metals are chemical elements with a spegifwity that is at least four to five
times the specific gravity of water at the sameperature and pressure (Duruiee

al., 2007). Fish and other aquatic organisms are constantly eirsed in water
containing pollutants. They absorb the pollutaht®ugh skin, gut (from food) and

respiratory surfaces (Wegu and Akanimor, 2008)e heavy metals: copper, iron,



71

zinc, lead and manganese concentrations in pontis waall the sampling sites were
compared with international standards. The obtairestilts showed that, with the
exception of Fe, the heavy metal concentratiorsater did not exceed WHO (World
Health Organization, 1993), EC (Europian Communit998), EPA (Environment
Protection Agency, 2002), CIW (Criterions of theidation Water, 1997) and TSE-
266 (Turkish Standards, 2005) guidelines (AppeMJixHigh concentration of metals
in the fish ponds may be attributed to the incrdasever of the aquatic and higher
plants which absorb metals from water and sediméwtas with high metal content
had high bacteria counts which are consistent pgvious study in Kenya (Mutuku,

2010) and ltaly (Ozurtukt al.,2010).

The data has indicated that, the order of occuer@ideavy metals in the fish pond
water is: iron > manganese > zinc > copper > |@heése findings are consistent with
those reported in Egypt (Al-Afifyet al., 2010). The WHO has recommended a
permissible limit of 0.01 mg/l (WHO, 1993). A prewus study carried out in England
shows that high level of lead in some pond water loa attributed to industrial and
agricultural discharge (Mason, 2002). The pollutidraquatic environment by heavy
metals affects aquatic organisms and poses coabigeenvironmental risks and
concerns (Amisatet al, 2009).Heavy metals pollutants after entering into aquatic
environment accumulate in tissues and organs ddtaqarganismsThe high levels

in Githongo and Kithirune of lead in the presentsgtcould also be attributed to spill
of leaded petrol from the combustion of petrol incemobile cars and the closeness of

these ponds to the two markets.
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Lead is a cumulative toxin and its other sourcetunte automobile exhaust fumes,
used dry-cell batteries, from sewage affluent, ffi wastes and atmospheric
deposition (Mason, 2002). Acute intoxication ohfiwith lead can be recognised by
damaged gills epithelium, erythrocytes, leucocydesl nervous system. In human
beings, it binds with SH group of proteins, apadni that, lead damages blood
circulation, central nervous system, liver and kgl (Mason, 2002). In addition, lead
can Delay embryonic development, suppress repramhyctand inhibit growth,

increase mucus formation, neurological problem,yem inhalation and kidney

dysfunction(Kori-Siakpere and Ubogu, 2008).

The amount of copper found out by the present stlidyshow interaction between
the sites and the seasons which is consistent thetHindings reported in the USA
(Silapajarnet al., 2004) and Turkey Qzurtuk et al., 2010). The results are also
consistent with those in Egypt (Samir and Ibrah2®)8). The results are within the
permissible limits set by WHO of between 1 and 2/Infd/HO, 1993).Copper
toxicity in natural water arising from pollutantsagncause severe damage in gills and
necrotic changes in the liver and kidneys. Longitexposure to Copper, higher than
normal levels can cause nausea, vomiting, stomaamps, or diarrhoea when

ingested by humans from the fish (Javed and Usr2@ai3).

The amount of zinc recorded in this study variegghiicantly between the sites and
the seasons. These values are within the set valpe&HO of 3.0 mg/l (WHO,
1993). These values are consistent with the firglimg USA by Silapajarnet al.
(2004) and in EgyptSamir and Ibrahim, 2008). The main source of zinteeng

aquatic is dissolved zinc from zinc related apg@ssuch as galvanized pipes. Low
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levels can be attributed to less zinc load fromustdal, agricultural, domestic and
urban waste waters (Ozortuit al 2009). Zinc accumulation result in several
dysfunctions in fish. It exerts adverse effectsaogruing structural damage which
affects the growth, development and survival. Sethdl levels adversely affect
hatchability, survival and hematological parametefs fish (Kori-Siakpere and

Ubogu, 2008).

The amount of iron detected did not show any sigaift difference across the sites.
These results were consistent with previous stutieBgypt (Samir and Ibrahim,
2008) and Turkey (Ozurtugt al, 2010). The high amount of iron which exceeded th
limits (WHO, 1993) may be attributed to the higmsiéy of people with buildings
having iron sheets roofs. Due to corrosion, the ians find their way into the fish
ponds. The amount of manganese recorded in themngretudy revealed interaction
between the sites and the seasons. The WHO haswmemeded 0.1 to 0.5 mg/I for
optimal productivity of fish (WHO, 1993). These wak are consistent with those

reported in USA $ilapajarnet al., 2004) and those b8amir and Ibrahim (2008) in

Egypt.

The major sources for manganese in air and wageiran and steel manufacturing
and the burning of diesel fuel in the motor caranf® and Ibrahim, 2008High
levels of Manganese can cause lung, liver and Vasdisturbances, declines in blood
pressureprain damage in fish and failure in the developmei&nimal foetuses
(Javed and Usmani, 2013). Dissociation of heavyatsento ions in water is a very
slow process and they cannot be detoxicated byhuoktgrocesses. These metals are

generally very toxic to the lives of the fish. Theavy metals in general in the study
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have indicated a low level of contamination witle #xception of iron hence the fish

ponds are not significantly contaminated with hematals.

5.2 Conclusions

)

i)

ii)

v)

Vi)

The fish ponds were found to be significartyntaminated with faecal

streptococci and faecal coliforms.

The pathogenic bacteri&almonella, Vibricspp.E. coliandPseudomonas

aeruginosawere detected indicating high contamination aiiga risk of

infection.

Heavy metals with the exception of iron wewarfd to be within the WHO

standards.

All the physico-chemical parameters variedrfrone site to another and
the temperature, ammonia, sulphates, nitrates, pbladss, electrical
conductivity and turbidity were found to be withine values of WHO

(2006).

The pH and the dissolved oxygen were found ¢oblelow the limits

provided by WHO (2006).

The populations of both faecal and pathogdracteria, variability of
physico-chemical parameters and levels of heavyalmstntamination
were influenced by the source of water, geograpipatierns of the site,

human and livestock activities.
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5.3 Recommendations

Based on the findings from this study

)

ii)

Vi)

In order to evaluate the ecological condition adsfiwater fish, both
fish inner organs and water reservoirs must be tomd regularly for
water quality and fish.

The pond water should be routinely examined to kleecthe microbial
contamination shown.
Water treatment campaigns should be organized aldit the area to
enlighten the residents on the safety of fish.

The farmers should use treated tap water.

Molecular techniques should be used to characté@mteria from the
environment for accurate identification in order take care of the
limitations involved during use of biochemical gst

More studies should be carried out involving teh fsurface and body

organs to determine the microbial load and heaviahoentamination.
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APPENDICES

APPENDIX |

Biochemical reactions ofSalmonella spp. isolated from the water samples
collected from the various sampling sites

Results
Test/substrate Positive Negative Salmonella
spp. reaction
Glucose Yellow butt Red butt +
Hydrogen sulphide  Blackening No blackening +
Urease No color change Change to pink -
Simmon citrate Growth; Blue color No growth; No a@ol +
change
Motility Turbidity No turbidity +
Indole Color change No color change +
Oxidase Color change tdNo color change -

blue

KEY: + Positive
- Negative
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APPENDIX II

Biochemical reactions ofVibrio spp. isolated from the water samples collected
from the various sampling sites

Results
Test/substrate

Positive Negative Vibrio

Spp. reaction
Glucose Yellow butt Red butt -
Hydrogen sulphide  Blackening No blackening -
Urease No color change Change to pink -
Simmon citrate Growth; Blue color No growth; No @ol +
change

Motility Turbidity No turbidity +
Indole Color change No color change +
Oxidase Color change to  No color change -/+

blue

KEY: + Positive

- Negative
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APPENDIX Il

Biochemical reactions ofE. coli isolated from the water samples collected from
the various sampling sites

Results
Test/substrate

Positive Negative Escherichia

coli reaction
Glucose Yellow butt Red butt -
Hydrogen sulphide  Blackening No blackening -
Urease No color change Change to pink -
Simmon citrate Growth; Blue color No growth; No a@ol -
change

Motility Turbidity No turbidity +
Indole Color change No color change +
Oxidase Color change to  No color change +

blue

KEY: + Positive

- Negative
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APPENDIX IV

Biochemical reactions ofPseudomonas aeruginosa isolated from the water
samples collected from the various sampling sites

Results
Test/substrate
Positive Negative Pseudomonas
aeruginosa
reaction
Glucose Yellow butt Red butt -
Hydrogen sulphide  Blackening No blackening -
Urease No color change Change to pink +
Simmon citrate Growth; Blue color No growth; No +
color change
Motility Turbidity No turbidity +
Indole Color change No color change +
Oxidase Color change to blue  No color change +

KEY: + Positive

- Negative
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APPENDIX V

Guidelines for heavy metals concentration (n in fish pond water

Guidelines |Copper Iron Lead | Zinc Manganese
TSE-266

(2005 2 0.2 0.01 - -
WPCL

(2004) 0.02 0.3 0.01 - -
WHO
(1993) 2 0.3 0.05 3.0 0.1-0.5
EPA
(2002)

1.3 0.3 0.05 - -

EC
(1998) 2 0.2 10 - -
RUSSIA 0.01 0.2 0.1 - 0.01
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APPENDIX VI

Guidelines for physico-chemical parameters for fistpond water

Physico-chemical parameter, WHO (2006) EMA (1997)
Temp °C

27 °C 35°C
pH 6.5-9.0 6.0009.
Conductivity (us/cm) 1000 1000
Turbidity (NTU) 100( 100(
Dissolvedoxygen (mg/l’ 5.C 5.C
Nitrates (mg/l 50.C 10
Ammonia (mg/l) 0.t 0.t
Sulphates  (mgl/l 10C -
Phosghates (mg/l 0.5 0.5
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APPENDIX VII

Population of pathogenic bacteria percentage

Pathogenic bacteria Number of samplesPopulation in
(n=30) percentage

Salmonellaspp. 12 40 %

E. coli 10 34 %

Pseudomonas aeruginosa 5 16 %

Vibrio cholerae 3 10 %




