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ABSTRACTS

The aim of the study was to determine the effeetadte water discharge on the fresh
water quality for Msimbazi river in Dar es SalaamnZania. This river has heavily
polluted due to effluents from domestic usage, sties and other human activities.
The problems associated with discharging waste rwate the river include
eutrophication, disease eruption due to increaseanbus pathogens, environmental
pollution and death of animals due to chemicalsnébin the river. Samples were
collected between the periods of October to Noveribé4 to determine the different
parameters. Laboratory analyses were performedimbo Maji. Statistical analysis
show that several parameters are significantly dnglp<0.01) that is permissible
levels: colour (478.25, p=0.0004), DO (p=0.004jbidity (79.25NTU, p=0.007), EC
(13975ms/cm, p= 0.0009), nitrate (23mg/l, p=0.01BQPD (103.17mg/l. p=0.015),
TDS (7895.13,mg/l, p=0.0012) COD (203.34mg/l, p204) and Sulphate
(583.68mg/l p=0.042). However pH (98.8, p=0.898mperature (24.48, p=0.84),
phosphate (0.627mg/l, p=0.505) were within the megudischarge limit. Salender
Bridge showed higher value of waste water pollutioan Vingunguti. Higher value
of pollution could be attributed with effluents dmarge from domestic and industrial
activities. From this study it can be concludedttheaste water treatment
mismanagement of industrial wastes and lack ofrenmental education are the
main factors contribute to the effluent pollutionthe study area. Further research is
recommended on the determination of other parasiatkich were not covered in the
study in different parts of Msimbazi river partiady heavy metals and

environmental interaction.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background Information

Sewage may be regarded as wastewater and is codnplbseman body waste which
is faecal matters and urine, and the sullage fremsgmnal washing, laundry, food
preparation and the cleaning of kitchen utensilsk(idga, 2001). It may also contain
industrial and agricultural waste. Sewage is omeeble in appearance and
hazardous content. Wastewater may contain diffetgpes of disease causing
microorganisms. Various report from studies coneldicin USA and Europe
(Waldichuck, 1986; Ward and Singh, 1987) reportiepiiological effects of sewage
pollution in the marine environment a potentiakred contracting a mild disease or
an infection such as stomachache, vomiting, diarrligphoid fever, bacterial of
amoebic dysentery, guardiasis, infective hepatipsjiomyelitis by pathogenic

organisms from bathing in sewage polluted wateeh{D Turner and Jago, 2001).

Reports on outbreaks of food poisoning from condionpof fecal contaminated sea
food are also common. Salmonella, vibrioscholerad anteroviruse have been
isolated from coastal waters worldwide, this implibe potential health problem of
considerable significance (Ward and Singh, 1988)lteng from strengthening of
pathogens occurrence due to increased of sewadantioation. Nutrients are also
pollution problem (Enger and Smith, 2002). Addiamutrients in the form of

nitrogen and phosphorus compounds increase thefgi®wth of aquatic plants and
algae. However, phosphate and nitrogen are gewepadisent in a very limited

amount in a polluted freshwater and therefore aimiéing factor on the growth of



aquatic plants and algae (Enger and Smith, 2002)m&ing factor is necessary
material that is in short because of the lack it,ohn organism can reach its full
potential growth. Thus when phosphate or nitratesaalded to the surface of water,
they can act as the fertilizer and promote the gnavi undesirable algae population.
The excessive growth of algae and aquatic planéstduadded nutrients is called
eutrophication. Algae and larger aquatic plants mmégrfere with the use of water
and cause the building up of organic matter byifguboat propellers, clogging water
intake pipes, changing the taste and the odoreoiditer, matter decays, oxygen level
decrease, and the fishes and other aquatic spex@gsdie due to lack of oxygen

(Enger and Smith, 2002).

Pollutants also enter the coastal waters from siffsources, often concentrated in
storm water drains, to enter the marine systenstwreams and rivers. When it rains,
runoff from farms, farmland, city streets, constio sites, and suburbs lawns, roofs
and drive ways enters waterways (Reopanichkul .e2809). There are four major
source of diffuse source of pollution, sedimentenir erosion, nutrients, toxic
substances and pathogens. (Virginia Department arfs€vation and Recreation,
2006; PCD, 2007). As with point source, pollutaaxdis differ in receiving coastal
waters depending on the land development of infregire and receiving rate. The
highest levels of pollutants tend to be focuseder mouth where carrying water
flow slows and suspended particle precipitate obDissolved materials and
microorganisms remain to be transported by oceprnicess (Reopanihkul et al.,
2009). Water quality is a term used to describectiemical, physical and biological
characteristics of water, usually in respect tositgability for a particular purpose.

(ElI-Sadek, Radwan and Abdel-Gawad, 2005). A nundfevariable are used to



measure health of the water: nutrients, bactea#is,smetal and pesticides. With
increase in water consumption to satisfy differdamands, quantities of disposed
water are rapidly increased (El —Sadek, 2005). ixetting water quality can have
many ecological, social, and economic effects. €heslude the loss of marine plant,
animal, and fish species, deteriorating shellfighldy, and restriction of recreational
use. Areas of our coast are prone to coastal veptality problems, particularly in
estuaries, bays, and waters next to densely pa&uutatas. The coastline is long and

many activities both land and marine based, ta&egptlose to the shore.

1.2  Statement of the Problem

Wastewater discharge into the Msimbazi River almagtout any adequate treatment
result in nutrient enrichment accumulation the c¢towl known as eutrophication,

accumulation of toxic compound in biomass and sedis) loss of dissolved oxygen
in water and other nuisance. The wastewater ishhigblored, turbid and the

vegetation along the stream appears scorched deas@tfact that water from this
stream is the major resources in the area. It &d usr building, irrigation of

vegetables, and drink by animals and birds andidmnl use it for recreation.

Eutrophication can have some severe impact on maggosystem, for example
dissolved oxygen levels may be reduced below tmesessary for the successfully
growth and reproduction of aerobically respiringgamisms. The main effects of
eutrophication are the general decrease of spdniessity, high turbidity, increase in
sedimentation and creation of anoxic condition. Maslustries, hotels, homes are
found along Msimbazi River. The people living arduthe River discharge the

wastewater without any treatment into the Riveredgh hotels contain wastewater



from the kitchen, bathing, washing machine, toilet&l other organic matter from
garbage, food preparation, cleaning of clothes disdes. Wastewater from cleaning
dishes and clothing contained some organic maseaking with soap or detergent
which are used to separate the contaminant frorhedisor clothes. Soap and
detergents are useful because one end of the neldissolves in dirty or grease and
the other end dissolve in water (Enger and Smiile22 When the soap or detergent
molecules are rinsed away the water or grease gabsthem. Many detergents
contain phosphate used as a part of their chenmieddeup which contributed to

eutrophication.

According to literature, another effect of wastesvabn water quality is related to
health problems to the people living along the tadasreas due to the potential
increase in wastewater discharge along the coastals which can lead to many
infectious diseases especially gastrointestinablpros such as vomiting, diarhoea,
typhoid fever, bacteria or amoebic dysentery, itifechepatitis and poliomyelitis.

Also problems of outbreak of food poisoning fromnsomption of faecally

contaminated sea food due to salmonella speciebriovicholerae and their
enteroviruses. This research was conducted tordeterthe levels of pollution such
as nitrate, phosphate dissolved oxygen, biologieghen demands and turbidity on
coastal water and the special variation of physitemical characteristics in coastal
water in Indian Ocean. The previous studies comlion water quality research in
Tanzania by Mohammed (1990), showed high levethef assessment of water
quality and pollution in Tanzania and the otherdsds carried out by Van Bruggen
(1990), who measured water, temperature dissolveghem, conductivity, pH,

Biologicl oxygen demand, Chemical oxygen demandyviianetals, faecal and total



coliforms. However, due to increase in populatioengity and various human
activities in Dar es Salaam information on the eatievel of pollution caused by the
discharge of wastewater is highly needed for themagament purpose. It is also
important to assess whether the discharge of wastewn aquatic environment

comply with the national and international standard

1.3  Significance of the Study

The significance of this study is to assess theeatirstatus of water quality in
Msimbazi River in Dar es Salaam and it is hoped tha result of this study will
assist the relevant polluters such as normal iddads and authorities in designing
appropriate preventive measure to ensure that therwguality in the stream is

improved.

The other one is to investigate the effects of ewmater discharge on fresh water
quality in Dar es salaam and to investigate thetrgasestinal problem due to
increase of the usage of polluted water dischagjexg the ocean without any kind
of treatment. To provide public awareness on thecef associated with toxic
material found in the waste water; that toxc matsrifound in wastewater
accelerated the health problems such as the effécti¢rate, the condition known as
baby syndrome or methemoglobinemia, gastrointdstiiséurbances associated with
the microbial infection along the coastal areassoAleutrophication problems to
coastal plants and animals as well as the algathareffects of toxic material found
in wastewater. Not only that but also the signffioa of this study is to understand the

health hazarded to the people who eat fish frommiazi river.



1.4  General Objective
The objective of this study was to assess the tsffeicwaste water discharge on the
fresh water quality in Dar es Salaam especiallfh@ Msimbazi River and water

guality at the coast.

1.4.1 Specific Objectives

® To determine the levels of pollution such as pHrate, phosphate, dissolved
oxygen and biological oxygen demands, and turbidityre study sites.

(i) To determine the spatial variation of physico-cheahcharacteristics of waste

water in Msimbazi River.

1.5 Hypothesis

The levels of nitrate, phosphates, dissolved oxy@eological oxygen demand, pH
and turbidity in the study site exceed the conediain levels acceptable for fresh
water quality. The concentration of the selected/spio-chemical parameters

decreases with the increasing distance from trehdige point in the study area.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Meaning of Wastewater

Wastewater is composed of human body which is taegal urine, sullage from
laundry, washing kitchen waste and industrial w@Rigkunga, 2001). Sewage can be
domestic such as homes, municipal and industrisater pollution occurs when
something enter water that changes the naturalystess and interfere with water use
by segments of society. In an industrialized sgcietaintaining completely
unpolluted water in all drains, streams, rivers] lkes is probably impossible (Enger
and Smith, 2002). Water is polluted by acids, ddlmand disease causing organisms,
elevated temperature, heavy metals, nutrient emecit organic molecules and
sediment and toxic chemicals.In general water patiis can be divided into several

broad categories:

Toxic chemicals or acids may Kkill all organismsgmet and make the water unfit for
human use. If these chemical are persistent, they Inbaccumulate in individual
organisms and biomagnifies in food chains (Engedt &mith, 2002). Dissolved
organic matter is significant water pollution preinl because it decays in the water.
As the decomposer microorganisms are naturallyeptes1 water breakdown the
organic matter, they use up available dissolvedgeryfrom the water. If too much
dissolved oxygen is removed, aquatic organismgkhger and Smith, 2002). Disease
causing organisms are very important pollution fEwbin most of the world.
Untreated or inadequately treated human or donagésticanimals waste is most often
the source of these organisms. In developing weeldage treatment and drinking

water treatment plants greatly reduce this pulditih problem.



2.2 Water Quality

Water quality describes the condition of the watetuding chemical, physical and
biological characteristics usually with respecitsosuitability for a particular purpose
such as drinking and swimming (NOAA, 2011). Watealiy is measured by several
factors such as concentration of dissolved oxydgacteria levels, the amount of

salts, the amount of the material suspended im#ter called turbidity.

The Following are the Parameters used to Measure ¢hQuality of water:

Biological parameter includes the bacteria andal@dnysical parameters are such as
temperatures; turbidity salinity suspended solitsl @issolved solids. Chemical
parameters include the pH, dissolved oxygen, bicddgoxygen demand, nutrients
such as nitrogen and phosphorus and organic anganic compounds such as

toxicants.

2.2.1 Total Dissolved Oxygen

Total dissolved oxygen is an important factors uledwater quality control. The
effect of waste discharge on the surface of waberce is largely determined by
oxygen balance of the system and its balance engakin maintaining biological life
system (DFID, 1999). Total dissolved gas conceioimatin water should not exceed
110 percent. Concentrations above this level cahaeful to aquatic life and the
fish in waters containing excessive dissolved gamay suffer from "gas bubble
disease"; however, this is a very rare occurre@nticky, 2011). The bubbles or
emboli block the flow of blood through blood vessehusing death. External bubbles
can also occur and be seen on fins, on skin amatleer tissue. Aquatic invertebrates

are also affected by gas bubble disease but afsléngher than those lethal to fish.



Adequate dissolved oxygen is necessary for gooderwgtiality. Oxygen is a
necessary element to all forms of life. Naturaéatn purification processes require
adequate oxygen levels in order to provide for laierdife forms. As dissolved
oxygen levels in water drop below 5.0 mg/l, aquétecis put under stress, the lower
the concentration, the greater the stress. Oxygezid that remain below 1-2 mg/I for

a few hours can result in large fish kills.

2.2.2  Turbidity

Turbidity is the measure of the degree to whichvitager loses its transparency due to
the presence of particles (Denby at al., 1987)biblity results from the scattering of
light in water by organic and inorganic particlparticularly sediment. The more total
suspended solids in the water the murker it seendas the higher the turbidity.
Turbidity is measured in NTU (nephelometric turbydinits) the instrument used to
measuring it is called nephelometer or turbidimetich measure the intensity of
light at 90 centigrade as a beam of light passesitih water sample. Causes of water
turbidity are various parameters influencing classl of the water. Some of these are
phytoplankton; sediments from the bottom (frequestlr up by bottom feeders like
carp) suspended sediments from waste dischargae ajgowth and urban runoff.
Maximum turbidity in drinking water by WHO shouleinhbe more than 5 NTU.The

consequence of high turbidity is as the follows:

The suspended patrticle absorbs heat from the $unhwpking turbid waters become
warmer, and so reducing the concentration of oxygewvater. The suspended particle
helps the attachment of heavy metal such as me@aagynium, arsenics chromium

and lead, also many toxic materials such as pdssciThe suspended particle scatter
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the light, thus decreasing the photosynthetic agtiof plants and algae, this
contributes to the lowering the oxygen concentrat{benntech, 1998). As the
consequences of the particle settling to the battsimallow lakes fill in faster, fish
eggs and insect larvae are covered and suffocatetgill structures get clogged or

damaged (Lenntech, 1998).

2.2.3 Dissolved Oxygen

Dissolved oxygen is that is dissolved in water ffudion from the surrounding air,
aeration of water that has tumbled over falls ampids, and as a waste product of
photosynthesis (Lenntech, 1998). Fish and aquaiimals cannot split oxygen from
containing compounds. Only green plants and sonoéeba can do that through
photosynthesis and similar which virtually all oeygwe breathe is manufactured by
green plants.Environmental impact of total dissdlgas concentration in,® should
not exceed 110 percent (Lenntech, 1998). The caoratemn above this level can be
harmful to aquatic life. Fish in waters containgxgessive dissolved gases may suffer
from gas bubble disease; however this is very oaceirrence (Lenntech, 1998). The
bubbles block the flow of blood through vesselssaoay death (Lenntech, 1998).
External bubble can also occur and be seen orofirskin and on the other tissues.
Aquatic invertebrates are also affected by gas leubisease but at levels than that

level to fish (Lenntech, 1998).

2.2.4 Salinity
Salinity refers to the movement and concentratibrsait in landscapes, and the
sources of salt are retreating seas, rain rockd, sait which are released by

weathering process (Lenntech, 1998). The problesssciated with salinity are broad



11

such as reduction in the productive capacity oea#d land, degradation of the
environment and wild habitats, loss of water gydiitr stock and domestic supplies
damage roads and to water using household equiprDeotight can cause coastal
water resources to become more saline. Water infiiare in coastal cities,
including sewer system and wastewater treatmeilities face risks from rising sea

levels and the damaging impacts of storm surgeé (26809).

2.2.5 Temperature

Temperature is the measure of the warmth or cotdoésn object of a substance
with reference to some standards value. CoastakrwhBs warmed due to
environment changes. Bleaching brought on risingtewdemperatures cause
substantial die off of coral reefs (USC, 2011)n@te change threatens the future of
corals which provide habitat for fish and fascioatfor snorkelers and scuba divers in
Florida (UCS, 2011). Warmer ocean put coastal comtms at risk, increase
infrastructure costs, endanger polar creaturestlaredtens coral reefs and fisheries

(UNS, 2011).

Rising in temperature affect reproduction of somenals such as turtles in various
ways such as sea level rise in temperature widcaféignificant nesting beach areas,
increase the chance that sand temperatures wikeelx¢he upper limit for egg

incubation which is 34 centigrade and raise in terafure bias the sex ratio toward
females because temperature during the incubaterrdines the sex of the egg
(UNS, 2011). Commercial fish and shellfish incluglitod and lobster have thresholds

of water temperatures that limit the condition unddich they reproduce and grow
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whereby temperature influences the location andngnof the spawning, which

affects the growth and survival of the young getiena

2.2.6 pH

pH is a measure of acidity and basic of water, Wwhiange from 0-14, with 7 being
neutral. pH is really a measure of the relative am@f free hydrogen and hydroxyl
ions in water (USGS, 2013). Water that has more fgdrogen ions is acidic,
whereas water that logs more hydroxyl ions is baSince pH can be affected by
chemical in water, pH is an important indicatomaiter that is changing chemically.
The pH of water determine the solubility which lee tamount that can dissolve in
water and biologically availability (amount thatnche utilized by aquatic life) or
chemical constituents such as nitrogen, phosphandscarbon. Heavy metal when
added to two affecting phosphorus determine whedlenatic life can use it. In the
heavy metal the degree to which their soluble dater their toxicity. Encrusted with
deposits and it depresses the effectiveness ofigiafection of chlorine thereby
causing the need for additional chlorine when pHhigh and low, pH water will

corrode or dissolve metal and other substances 8)&@ter Science School, 2013).

2.2.7 Biological Oxygen Demand

Biological oxygen demand is a measure of the qtyaraf oxygen used by
microorganism (e.g. aerobic bacteria) in the additof organic matter (APCC).
Natural sources of organic matter include plantagieand leaf fall. However plant
growth and decay may be unnaturally acceleratednwharients and sunlight are
overly abundant due to human influence. Consuniar fish and other aquatic

animals eat some of the producers and the nutrieotgee up the food chain. When
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these organisms die, bacteria decompose the orgampounds and release into the
water inorganic nutrients such as nitrate, phosplaatd calcium. Some of these
nutrients end up downstream in the aquatic watkmwo, are aerobic. That means
that they cause oxygen to perform their metabdalivily and decomposition. Natural
levels of oxygen in the aquatic system are alwaysesvhat depleted by normal
levels of aerobic bacteria. In most cases dissolweghen concentration exists in
every low concentration, if it drops below 5 pavtdlions (PPM) fish will live in very
long. All clean water species such as trout or ealmill die well above this level and

even low oxygen fish such as catfish and carphwlht risk below 5PPM.

There are two commonly recognized methods for teasurements of BOD.Dilution
standard method is recognized by EPA labeled me®24@13 in standard method for
the examination of water and wastewater. Manometrethod is limited to the
measurement consumption due only to carbonacedwessdmple is kept in a sealed
container filled with a pressure sensor which isssance that absorbs@is added in

a container above sample level. The sample is&tiareonditions identical to dilution
method.Unit of measurements is mg/c of oxygen cmesliin 5 days a constant

temperature of 2.

2.3 Nitrate

Nitrate is a chemical that dissolve water in a Eimmanner as a table salt. It is
colorless, odorless and tasteless when dissolvediter. (Esser et al, 2002). Nitrate is
an inorganic compound that occurs under a variétyoadition in the environment
both naturally and synthetically. Nitrate is a caupd that contains nitrogen and

water. Nitrogen comes from decomposing organicenes like manure, plants, and
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human wastes often the nitrogen which comes frommanm or ammonium.
Basically, plants need nitrogen to make amino aart$ proteins, which are essential
for plant growth. Plants cannot use organic nitrodgectly. "Microorganisms in the
soil convert the nitrogen locked up in crop resgueuman and animal wastes or
compost to ammonium. A specific group of microolgars convert ammonium to
nitrate. Since nitrate is water-soluble, excessatat not used by plants can leach

through the soil and into the groundwater.

Nitrate is also found wherever biotic things arediing down or decomposing like
animal waste, and septic system absorption fieldsn@unds. The main sources of
nitrogen in groundwater are highly fertilized crogsd lawns, and large amounts of
human and animal waste (septic systems, sewagemandre).Studies have shown

that nitrate in Wisconsin's and Portage Countysigdwater comes from:

Agriculture 90%,
Septic systems 9%, and

Lawns and other 1%
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The following (Figure 2.1) is the figure which iedtes the sources of nitrate into the

atmosphere.

Nitrate Sources

&= : Groundwater Flow

Figure 2.1: The Sources of Nitrate into the Atmospére

The widths of the red arrows show relative amouotsnitrate leaching into
groundwater. The wider the arrow the more nitrifirate is present in high levels in
wastewater due in part to the high nitrates presefuman sewage but also from
some types of industrial effluent entering the noipal sewer system. Nitrate is also a
very common contaminant in both surface water amdirgd water. Nitrate occurs
naturally in source water as a result of decayilants. However, there are other

manmade sources of nitrate that can increase #seipce of nitrate in source waters
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to dangerous levels. Agricultural sources of négsaihclude livestock excrement and
chemical fertilizers. Nitrate in Ground Water andrfdce Water: Because nitrate is
highly soluble in water it tends not to get filtdreut like some other contaminants as
the water seeps through the soil layers to thergtomater level. How much nitrate
will reach the groundwater zone from agricultureléermined by varying levels of
crop watering and irrigation as well as changingele of rainfall. Another source of
nitrates in ground water is from human sewage digpgystems such as unmaintained
septic tanks. It is therefore important to monitotrates as often as possible in

groundwater since nitrate levels can be difficalptedict.

The same sources of nitrates can lead to elevatads| of nitrates in surface water
due to runoff from agricultural land into lakes anders whether the source is
livestock or fertilizer for crops. Surface water asso particularly susceptible to
natural nitrate sources such as decaying leaveshwiairies both seasonally and with
weather events. Again the levels of nitrate tendany and are fairly unpredictable
and so frequent monitoring is essential. Wastewadarbe a source of methane when
treated or disposed anaerobically. It can be aceoof nitrous oxide emission.
Wastewater originated from a variety of domestimowercial areas such as in the
hotel and accommodation premises and industriaicesunay be treated on the site
(uncollected), sewered to a centralized plant ¢otdid) or disposed untreated nearby
or via an outfall. Treatment and discharge systears sharply differ between one
country and another. Also treatment and dischaygees can differ from rural and

urban users and for urban high income and urbanrioame users.
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2.4 Phosphates

Is another kind of atom common in the structuréwarfg things. It is present in many
important biological molecules such as DNA andhe thembrane structure of the
cell.In addition the bones and teeth of animalstaionsignificant quantities of

phosphorus. The source of phosphorus is atomspeks in nature, new phosphorus
compounds are released by erosion of rocks. Plasés dissolved phosphorus
compounds to construct the molecule they need. Alsimonsume plants or other
animals and obtain needed phosphorus. When an isngaties or excretes waste
products, decomposer organisms recycle the phosphmompounds back into the

soil.

The major impact of widespread use of phosphoruagmiculture is the impact of
ecosystem, especially on aquatic ecosystem whistarved of these nutrients. The
presence of large amounts of these nutrients lreeftesh water or salt water results
in increased rates of bacteria, algae and aqukits Increases in these organisms
can have many different effects. Many algae blo@amestoxic, resulting in killings
and human poisoning. Large amounts of plants agaeain aquatic ecosystem will
deplete the water of oxygen when they die. Eachnseina major dead zone develops
in México off the mouth of Mississippi river. Thieead zone contains few fish and
bottom dwelling organisms. It is caused by low aydevels brought about by the
rapid growth of algae and bacteria in the nutriemth waters (Enger and Smith,
2000).

2.5 Pathogens

Pathogen is any disease causing microorganismsraseg (Nester at al., 1998).

Pathogens are group of harmful microorganisms dhate disease and infections on
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their hosts such as plants and animals (Presco#l,at990). They comprise of

microscopic organisms such as viruses bacterigwamglis. Pathogens are organisms
frequently microorganisms or components of theggamsms that cause disease.
Microbial pathogens include various species of éxét viruses, and protozoa. Many
diseases are caused by microbial pathogens, wharkase the frequency of these
diseases. Contamination of water by pathogen causgs of diseases spread. The
water cause the pathogen to reproduce illness asdood borne pathogens cause
hundreds of death. The microbes such as bacteneseg, or protozoa usually reside
in the intestinal tract of humans or other creatuexamples of such microorganisms
include Escherichia coli. Bacteria cause many desgauch as cholera, pneumonia,
whooping cough tetanus and diphtheria. Many bactiseases are dispersed primary
on food or in water, including typhoid fever, b&miy dysentery, and paratyphoid

fever (Raven and Johnson, 1996).

Typhoid fever is caused by bacterium known as Saétt@ typhi to human. The
disease spreads through contaminated water or Tdwpathogens harm the body by
causing direct physical, damage of tissues, byasaig toxic chemicals or by taking
over cells genetic machinery to use for their owndse(Levine and Miller, 1991).
Viruses are tiny infectious particle composed a@bee of nucleic acid either DNA or
RNA surrounded by protein coat. Viruses enter fivoells and grow within them,
usually control of the cells biochemical machinarysuch extent they cause infected
cells to die. Viruses almost always damage the belt because viruses cannot
reproduce on their own; they rely on replicationchenism of the host cell to make
copies of themselves. Pathogens are capable oingadsease after infecting host

damage cells cause toxic compound antiviral genome.
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2.6 Heavy Metal

Heavy metal is a member of loosely defined as dulifselement that exhibit mental
metallic properties, example of heavy metal merang/lead molybdenum and zinc.
Most of the heavy metal either alone or in compauexkerts detrimental effect upon

organisms. Examples of heavy metals and their itspse the following:

Mercury exposure can harm the brain, heart, kidnkysggs and immune system of
people of all ages. New babies’ and younger childréhe nervous system can be
affected making a child less able to think andrdedercury accumulation in fish

may harm the fish and animals that consume therh siscbirds and mammals.
Effects on aquatic animals include reduced feytiitamaged of internal organ of the
body, slower growth and development, abnormal behaand even death. Lead
causes neurons developmental effects in childreneaen at low level of exposure.
Other effects include cardiovascular, renal, gastestinal and reproductive effects

(UNEP, 2002).

Cadmium is a toxic to humans and exposure can qawiggonary irritation, kidney

disease, bone weakness and possibly lung, prastdt&idney cancer (UNEP, 2002).
Food and cigarette are largest potential sourcadfium. People with high intake of
shellfish and organs meat from marine animals naaela higher intake of cadmium
accumulate mainly in the kidney and liver of vertdbs and in aquatic invertebrates
and algae (UNEP, 2002). Heavy metal toxicity camaged or reduce mental and
central nervous system function, can lower enempels and damage to blood
composition of lungs kidney, liver, and other vitabans. Long-term exposure may

results in slowly progressing physical, musculad aaurological.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1  Study Area Descriptions

MSIMBAZI

Indian Ocean

Vingunguti
Machinjioni

£

Salender Bridge

)

-

Figure 3.1: A Sketch Map of Msimbazi River
SourcelNgana and Mahanya

The Msimbazi River has the total length of aboutr85wvithin a catchment area of
about 289 square kilometers (Ngana and Mahaya,)20b@ river flows from Pugu

forest reserves with tributaries of Sinza, Ubungd bBuhanga and flows to the eastern
side toward Indian Ocean (Ngana and Mahaya, 20ti8)an important water source

for the residents of Dar es Salaam and its neididmat for drinking, bathing, support
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for agriculture, industries, an environmental byffeuilding, discharge of industrial

effluents and illegal sewage system. The MsimbazeRdrains the urbanized areas
of llala and Kinondoni Municipalities. Most peopgle Msimbazi River area are not
connected to a sewage system. Septic tanks ardtqies are used instead. Most
people lack any sanitations facilities which cassdations of wastewater into black
and gray water. The latter will flow through ditsh@pen channels and little strain to

a receiving water body which is Msimbazi River @&mdl up into the Indian Ocean.

This study concentrates on Msimbazi River in DS\, tity is traversed by the river,
while originates 35km off coast in Pugu forest (Helen, 2001) its catchment area is
approximately 260 kf It covers one third of the total population atmbat 50% of
the industrial production of the town (ibid.). Mdawi River is the essential need to
the DSM people because it has the fertile groundssapplies irrigation works. Most
of the vegetable and fruits are cultivated arouredMsimbazi River. Msimbazi River
also acts as an open sewer and in additional ag \geder runoff, it collects
(untreated) wastewater from industries, drains\aaste stabilization ponds (Hebron,

2001).

3.2  Sampling and Sample Size

Sampling was conducted at different points of MaaitRiver in Dar es salaam, the
sampling area were Vingunguti Machinjioni in Kinamd district at the bridge

premises which make the boundary between Vingurigathinjioni and Barakuda

Tabata, and the ending premises of Msimbazi riieicivis Selander Bridge in llala
district (Figure 3.1). Sampling was done on a wedkasis from September to

November, making a total of 192 samples during mmgrrsessions. During each
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sampling occasion six samples were collected, thi@a Vingunguti Machinjioni

and three from Selander Bridge the entire sampére wollected using stelire bottles.
The bottles were kept in a cooled box and transgottd the laboratory of Ubungo
Maji for analysis of fecal indicator bacteria, bi@mical oxygen demand and

nutrients.

3.3 Laboratory Analysis of Samples

Wastewater samples from two stations which weregWirguti Machinjioni and
Selander Bridge were collected once a week for manths from September to
November, 2014. The analytical work was carried iouUbungo Maji laboratory.
The collected waste water samples were analysedy ube Standard Methods of
Examination of Water and Wastewater"2&dition (1998) and APHA (1995) were
used throughout water quality analysis of samplége following parameters were

assessed as part of standard water quality assatsgraetice.

3.31 pH

The samples for pH measurements were taken in gagripbttles and analyses were
done onsite. The basic principle of electrometitmeasurement was determination
of the activity of the hydrogen ions by potentiorieetmeasurement using a standard
hydrogen electrode and a reference electrode. Tdeogen electrode consists of
platinum electrode across which hydrogen gas wablbd at a pressure of 101kPA.
Because of difficulty in its use and the potential poisoning the hydrogen electrode
the glass electrode commonly was used. The eleotreenforce produced in the
glass electrode system varies linearly with pH. Tiitnear relationship is described by

plotting the measure against the pH of differerftdsu Samples pH ware determined
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by extrapolation (Standard methods for the Exanonabf Water and Wastewater,

APHA).

3.3.2 Chemical Oxygen Demand

The samples were taken into the glass amber bodites then fixed by using
Manganese Sulphate and concentrated sulphuric Ble&h the samples were stored
in a cool box before reached the laboratory folyaia In the laboratory, the portion
of the sample were treated and heated in the C@Dtae followed by titration to
obtain the chemical oxygen demand in the wastewsaenples. The quantity of
oxidant consumed was express in terms of its oxygmgunvalence. Because of its
unique chemical properties, the dichromate irothes specified oxidant in various
methods used for chemical oxygen demand analyssyreduced to the chromic ion
in these tests. Both organic and inorganic compisnehthe sample are subject to
oxidation but in most cases the organic componesd@ninates and was the greater

interest.

Methods of closed open reflux were reduced to tiveroic ion in these tests. Both
organic and inorganic components of a sample argsuto oxidation, but in most
the components predominates and are of the griemtemterest. COD is defined the
extent of sample oxidation can be affected by digesime, reagent strength, and
sample COD concentration. COD often was used agasunmement of pollutants in
wastewater and natural waters. The open reflux ogetias suitable for a wide range
of wastes where a large sample size was prefavtest types of organic matter were
oxidized by boiling mixture of chromic and sulfuacids. A sample was a refluxed in

strongly acid solution with a known excess of psitas dichromate was titrated with
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ferrous ammonium sulfate to determine the amounKs3r,O; consumed and the
oxidized matter was calculated in terms of oxygemivwalent. Ratios of reagent
weights were kept, volumes and strength constaetvgample volumes other than 50
were used. The standard 2-h reflux time may becaediuit has been shown that a
shorter period yield the same results. Some sampits very low COD or with
highly heterogeneous solids content may need tanbéy/zed in replicate to yield the
most reliable data. Results are further enhancedebgt a maximum quantity of

dichromate provided that some residual dochroneatains.

Apparatus: Reflex apparatus consisting of 500 d 28 Erlenmeyer flasks with
ground glass 24/40 neck and 300 mm jacket lie begt @ equivalent condenser with
24/40 ground. Apparatus used were reflux appardtesder, pipettes, class A and
wide bore reagents standard potassium dichroméaigmsy sulfuric acid reagents and
ferrous indicator solution. Treatment of samplesv@OD of >50. Blend if necessary
and pipette 50.00ml into 500ml refluxing flasks &ample with a COD of >900mg
02 /I, use a smaller portion diluted to 50ml, addHgSQ several glass beads and
very slowly add 50.00ml sulfuric acid reagent mix dissolve HgS® cool while
mixing to avoid possible loss of volatile materiadgld 25.00ml, 0.04167, Cr,0O;,
solution and mix. Attach flask to condenser and taooling water. The remained
sulfuric acid reagent (70ml) was added through ogah of condenser. Open end of
condenser was covered with smaller beaker to ptdeesign material from entering
refloating mixture and reflux for 2 hours. The cender was cooled and washed with
distilled water. Reflux condenser was disconneeted the mixture diluted to about
twice of its distilled water cooled to room tempdditrate excess ¥Cr,O; with FAS

using 0.10 to 0.15mL (2 to 3drops) ferron indicatithough the quantity of ferron
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indicator is not critical, use the same volumedibtitrations. Take as the end point of
the titration the first sharp color change fromestyreen to reddish brown that persists
for 1 min or longer. Duplicated determinations ddoagree within 5% of their
average. Samples with suspended solids or compotiegit are slow to oxidize may
require additional determinations. The blue-greery meappear. In the same manner,
reflux and titrate a blank containing the reagemts a volume of distilled water equal

to that of sample.

3.3.3 Nitrogen

The Kjeldahl method was used to determine nitrageviingunguti Machinjioni and
Selander Bridge. Kjeldahl method was consistedhi@fe steps which were digested in
strong sulfuric acid in the presence of the catalykich helped in the conversion of
the amine nitrogen to ammonium ions. The ammonians iwere converted into
ammonia gas into a trapping solution where it wiasalved and became ammonium
ions once again. Finally the amount of ammonia thatl been trapped was

determined by titration with a standard solutiod arcalculation made.

Nitrogen is the sum of the organic nitrogen and amian nitrogen, the major factors
that influences the selection of micro or semi Hgl method to determine the
organic nitrogen in its concentration. The micreldphl method was applicable for
the samples containing either low or high conceisinaof organic nitrogen but
require a relative large sample of volume for loan@entrations. In semi micro
Kjeldahl method which is applicable to sample comite high concentrations of
organic nitrogen, the sample volume should be ahdse contain organic plus

ammonia nitrogen in the range of 0.2 to 2mg. Thekdigestion method is the micro
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method with an automated analysis step capablesabaring organic nitrogen as low
as 0.1mg per L when blanks are carefully controMadtro kjeldahl method in the
presence of 80, potassium sulfate @€0O,) and cupric sulfate (CUSpcatalyst,
amino nitrogen of many organic materials is coragtbo ammonium; free ammonia
is also converted to ammonium. After addition oféoghe ammonia is distilled from
an alkaline medium and absorbed in boric or suifadid, also the ammonia may be
determined calorimetrically by ammonia selectiveceibde or titration with standard

mineral acid.

3.3.4 Ammonia

The trimetric method was used only on samples b@te been carried through
preliminary distillation. The sample was buffereidp#d of 9.5 with borate buffer to
decrease hydrolysis of cyanate and organic nitramgenpounds. It was distilled into
the solution of boric acid when titration was uséde ammonia in the distillated was
determined by colorimetric method. Dissolved amradiNH;agq) and NH plus aq).
By raising pH to above 11 with the stronger baseddHdiffuse through membrane
and change the internal solution of pH that is usg@ pH electrode. If a sample is
visibly turbid, it must be centrifuged or filter¢larough a well-rinsed

0.4 pm Nuclepore membrane filter. Samples contgimmore than 150 pmo of

sulphideare treated as follows:

To 50ml of sample are added to 0.1mL of sulphudicl freagent 1) and bromine
water (reagent 8) drop by drop until the solutiemains pale yellow for about 5 min.
The excess bromine is removed by a fast streanir dfaan a capillary positioned

above the surface of the solution. For precisiorasaeements, correct the dilution
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caused by the added sulphuric acid and brominerwatsout 0.4 %), (1 mL of
sulphuric acid, reagent 1, per 100mL) or surfacéewrom the same station. The
silicate in the diluted water does not react beeaxslic acid is present in the sample.
Measure the absorbance in a cell of suitable leagtB10nm (or 660nm for high
concentrations) after a reduction time of 30-60against a cell of equal length filled
with. To calculate the concentration of the dilusaimple, multiply the absorbance
(sample absorbance- blank absorbance) by theatil@gictor of 1.91 (105/55) and the
calibration factor. To 50 mL of sample in a plas@action flask add 2 mL of the
molybdate reagent (reagent 2), swirl and allowtémd for 10-20 min for freshwater

and 5-10 min for seawater samples.

Next, add 2 mL of oxalic acid (reagent 4) followiedmediately by 1 mL of ascorbic
acid(Reagent 6). Mix gently between additions. Wathnounts of up to about 30
pmoVL, the colour reaches its maximum after cam2® and is then stable for several
hours. If the colour is dark blue, indicating aicsite content of more than about

SOpmoVL, the reduced sample is diluted with 50mbatiified.

3.3.5 Dissolved Oxygen

Dissolved oxygen (DO) levels in natural and wasétens depend on the physical and
bluchemmeal activities in the water body. The asialjor DO is a key test in water
pollution and waste treatment control. The iodometnethods was a micrometric
procedure based on oxidizing property of DO whitee tmembrane electrode
procedure was based on the rate of diffusion ofdar oxygen across a membrane.
The iodometric test was the most precise and feliitsimetric procedure for DO

analysis. It was based on the additional of divialeanganese solution, followed by
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strong alkali, to the sample in a glass stopperetlleb DO rapidly oxidize an
equivalent amount of the dispersed divalent mangsnoydrozide precipitate to
hydroxides of higher valance states. In the presemndodide ions in an acid solution,
the oxidized manganese reverted to the divaleme,stath the liberation of iodine
equivalent to the original DO content. The iodinesviitrated with a standard solution
of hyposulfite. The titration end point can be d&td visually with a starch indication
or electrometrically, with potentiometer or deadpstechnique! Experienced analysts
can maintain a precision of =50 kg/l with visuatiggoint detection and a precision of
=5 g/l with electrometric end point detection 1, The liberated iodine also was
determined directly by simple absorption spectrépimeters. This method can be
used on a routine basis to provide very accurdimated for DO in the microgram
per liter range provided that interfere particularatter color and chemical

interferences are absent.

3.3.6 Phosphate

Phosphorus compounds are plant nutrients and adgak growth in surface water
which depending on the phosphate concentratiorhénwater eutrophication may
occur (Putz, 2008). The phosphate compounds thatdescharged directly into
surface waters comes from fertilizer washed outth&f soil, human and animal
excretions and detergents and cleaning agents (P2@98). Phosphate analysis in
water: Detergents are among the greatest conwibiwiti phosphate content in rivers
and lakes because phosphate-containing compouadsad in detergent formulation
as water softeners. Phosphate is nontoxic to ammplant (Jeschofnig, 1998). The
principle of this method involves the formation rmmblybdophosphoric acid, which

was reduced to the intensely colored complex, nu@ylom blue. This analytical
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method was extremely sensitive and was reliablendtwthe concentration below
0.1ppm (mg) phosphorus per liter.Apparatus usedctspnic 20 spectrophotometer
was employed in the measurement of color intensitythe blue solution. A

wavelength of 650nm was used in these analyseseRtsagre ammonium molybdate

reagent, stannous reagent and stock 20.0 pm phesgdlation.

After measuring the absorbance of this solutionplet of absorbance versus
concentration was made. Color development in sawgke used for the measuring
three standard solutions and for any river, lakesesvage water samples, which were
analyzed for phosphate. Placed in an Erlenmeysk,f26 ml of the water sample was
analyzed. 1.00ml (using a pipette) of ammonium iinddtes solution was put into the
flask and swirl mixed. To the flask were added Zw@nnous chloride solution and
mixed by swirling. If the phosphate was presentl@e bcolor will develop to a

maximum intensity in 5 minutes. While waiting a dlwcolor to develop, the

wavelength to 650nm was set on the spectrophotoniéte blank solution was used
to set it to read zero absorbance. We used 650nkelaregth to measure the

absorbance of the solution (y-axis) versus the eotnation of the standard (x-axis).

3.3.7 Total Suspended Solids

A sample was well-mixed sample, filtered througdtandard glass fiber filter, and the
filtrate was evaporated to the dryness in weighet dnd dried to constant weight at
197-181centgrade. The increase in dish weight sepits the total dissolved solids. A
well-mixed sample was filtered through a weighezhdard glass fiber filter and the
residue retained in the filter was dried to a canstveight at 103-105C. Increased in

weight of the filter represents the total suspenselitls. If the suspended material
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clogs the filter and prolongs filtration, the difé®mce between the total solids and total
dissolved solids may provided an estimate of thal teuspended solids. Apparatus
required were evaporating dish, water bath, andn.o@thers were desiccators,
analytical balance, graduated cylinder, dish torgggch crucibles, filter, vacuum

pumps, crucible tongs, forceps and smooth tippedcddlure used in testing total

dissolved solids was: a porcelain dish has bed¢haroven at 180C. Then we mixed
sample well and poured it into a funnel with filtpaper. A pipette was used to
transfer 75ml of unfiltered sample in the porceldish. The oven was switched on

and allowed to reach 105°C, and cooled the containgdesiccators.

3.3.8 Biological Oxygen Demand

The BOD samples were taken into the BOD ambetdso#ind kept into the cool box
for storage before laboratory analyses. After redcat the laboratory the samples
were incubated in the BOD incubator using the batttubation for 5 days at 20°C
method. The value of BOD can be obtained afterraabing the titration results of the
sample of BODR and BODB. The biochemical demands (BOD) determination is an
empirical test in which test in standardized labmmaprocedure are used to determine
the relative oxygen requirement of wastewater, uefits, and polluted waters

(Standards methods of wastewater).

The test has its widest application in measuringt&vao loadings to treatment
systems plants and in evaluating the BOD removiatieficy of such treatment
systems. The test measure the molecular oxygemnadtiluring a specified incubation
period for the biochemical degradation of the orgamaterial (carbonaceous

demand). And the oxygen used to oxidize inorganatemal such as sulphides and
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ferrous iron. It also measure the amount of oxygeed to oxidize reduced forms of
nitrogen (nitrogen demand) unless their oxidati®mpievented by an inhibitor. The
seeding and dilution procedures provide an estonaif the BOD at pH of 6.5 to 7.5.
Measurement of oxygen consumed in 5 day test pdBddBOD or BOR): Oxygen
consumed after 60 to 90d of incubation (ultimatelBG@ UBOD) and continuous
oxygen uptake is measured using respirometric ndgRespirometric methods
provide direct measurement of oxygen consumed ltyamiganisms from the air or
oxygen-enriched environment in a closed vessel wrabnditions of constant
temperature and agitation. Respirometry methodse weseful for assessing
biogedration of specific chemicals, and treatapitit organic industries wastes. The
effects of known amounts of toxic compounds ondkggen-uptake reaction of test
wastewater or organic chemical the concentratiomhéth a pollutant or a wastewater
measurably inhibits biolologically oxidizable mattéhe need for using adapted seed
in other biochemical oxygen uptake measurementh sscdilution BOD test and

stability of the sludge.

3.3.9 Turbidity

Sample for turbidity: No pre treatment of the sanplas done after sampling. The
bottle was kept in a cool box for temporary storaggting laboratory analysis. The
optical method was used to measure turbidity bypgusirbidimeter. The amount of
turbidity measured in a sample depends on suchhlas as size, shape and refractive
index of the particles. Turbidity in water is cadd®y suspended and colloidal matter
such as clay, silt, finely divided organic and gmic matter and plankton and other
microscopic organisms. Turbidity is an expressibmhe optical property that cause

light to be scattered and absorbed rather thasrrated with no change in direction
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or flux level through the sample. Most turbidimstetesigned for measuring low
turbidities give comparatively good indicationstbé intensity light scattered in one
particular direction predominantly at right angtesthe incident light. Turbidimeters
with scattered light detectors located at 90° tadent beam are called nephelometers.
Nephelometers were relatively unaffected by smdieince in design parameters
and therefore were specified as standard instmunfier measuring of low
turbidities. Turbidity must be determined as soomp@ssible after the sample is taken.
Gently agitate all samples before examination tosus: a representative
measurement. Refrigerate or cool to 4 centragradamze microbial decomposition
of solids, if storage is required for the best hssumeasure turbidity immediately

without altering the original sample conditionslsas temperature or pH

3.3.10 Conductivity

Conductivity is the measure of the ability of aruagus solution to carry an electric
current. This ability depends on the presence os,i@n their total concentration,
mobility and valence; and on the temperature measent. Solutions of most
inorganic compounds were relative good conduct@snversely, molecules of
organic compounds that do not dissociate in agusolugion conduct a current very
poorly. Conductance of a solution was measured dmwspatially fixed and

chemically inert electrodes.

To avoid polarization at the electrode surfaces dbeductance measurement was
made with an alternating current. Conductivity wasasured with a probe and a
meter. Voltage was applied between two electrodesgrobe immersed in the sample

water. The drop in voltage caused by the resistafdbe water is used to calculate
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the conductivity per centimeter. The meter convehs probe measurement to
micromhos per centimeter and displays the resulttie user. Some conductivity
meters can also be used to test for total dissobals and salinity. The total
dissolved solids concentration in milligrams pé&erlimg/L) can also be calculated by
multiplying the conductivity result by a factor beten 0.55 and 0.9, which was
empirically determined (see Standard Methods #2BHKA 1992). All laboratory

analysis was carried out in accordance with thendstal Methods for the

Examination of Water and Wastewater (APHA, 1998)e Tcalibration of possible

meters was according to the manufacturer instracfyecision and accuracy of the
spectrophotometer and the procedures of sample/sssialere counter-checked by

determining the concentration of known standards.

3.3.11 Colour

Colour is determined by visual comparison of thea@a with known concentration
of the coloured solutions. Comparison also may kmlenwith special, properly
calibrated glass colour disks, called the platintobalt method (SMWW, 2000). The
platinum-cobalt method of measuring colour is ttendard method and the unit of
colour being that produced by 1mg/l in the formcbforoplatinade ion (SMWW,
2000). This method is applicable for industrial teasater.The best method applicable
to portable and surface water both domestic andsimicl is spectromephotometric
method whereby the colour of filtered sample isregped in terms that describe the
sensation realized when viewing the sample whichred, and green which is
designated by the term “dominant wavelength”, thegrde of Dbrightness by

“luminance” and the saturation (pale, pastel amei®) by purity (SMWW, 2000).
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3.3.12 Sulphate

Turbid metric method of measuring sulphate is bagpdn the fact that barium
sulphate tends to precipitate form of uniform sarel this tendency is enhanced in
presence is based upon the fact that Barium Swpkats to precipitate the form of
uniform size and this tendency is enhanced in paseof sodium chloride,
hydrochloric acid and glycerol (SMWW, 2000). &€Bacl —BaSQ different from

each other.

3.3.13 Infectious Diseases

The infectious disease agents associated with mpahizvastewater and sludge are
those found in the domestic sanitary waste of thgufation and from industries that
process meats, fish, and other food products (Nakidcademy Press, 1996). These
microbial pathogens include a large number of bagteviruses, and parasites.
Important examples are members of the bacteriadrg&almonella andShigella; the
infectious hepatitis, Rota and Norwalk viruses; dhd parasites associated with
giardiasis, cryptosporidiosis, taeniasis, and assigt (National Academy Press,
1996) Bacteria , viruses and parasites includingnvgoand protozoan are types of
pathogens that are hazardous to humans. Sewageasiel water is the source of the
infectious disease for example bacteria are resiplenfor several wastewater related
disease such as typhoid, paratyphoid, bacillaryewkgsy and cholera. (Taylor and
Yahner, 1996). Diseases caused by viruses whielstipeople through wastewater
include Hepatitis A, polio and viral gastroentexitParasites in wastewater caused the
outbreak of disease through drinking water. Theesypf parasites found in waste
water include protozoans and helminthes (parasitich cause severe diarrhea) and

Entameoba hystolytica cause amebiosis which caconérolled by boiling water
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(Taylor and Yahner, 1996). Humans "catch" dise&s#s wastewater in a variety of
ways. Pathogens in wastewater may be transmittedirbgt contact with sewage, by
eating food or drinking water contaminated with age, or through contact with
human, animal, or insect carriers. (Taylor and ¥hi996). For example, direct
contact might accidentally occur as a result ofkimg in fields fertilized with
untreated wastes, playing or walking in a yard vathailed septic system, touching
raw sewage disposed of in open areas, swimmingtbirig in contaminated water, or
working with or coming into contact with animals wastewater and not following
proper hygiene. (Taylor and Yahner, 1996). Houseftan be used to illustrate the

dangers posed by disease carriers.

Flies, which have tastebuds on their feet, alwaws directly on the food they eat-and
on any given day, that could mean raw sewage (daflgrite) followed by picnic
food. The hairs on a housefly's body can carryiomdi of pathogens, which then
brush off on anything the fly touches. By makingesthat wastewater is treated and
disposed of properly, communities can control {hread of disease by flies and other
disease carriers, such as rats, lice, cockroaamesmosquitoes. By controlling the
population of these animals and insects, commundlso help to control the other,
non-wastewater related diseases they may carrybBdar the most common way
that people contract diseases from wastewaterraigih the fecal-oral route, or in
other words, by eating food or drinking water comtzated by sewage or by not

washing hands after contact with sewage. (Tayldréahner, 1996).
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3.4 Data Analysis
A t-test was used to analyze the data obtaineddsgtwhe two sampling sites. Such as
to determine the means of two groups of sampleey tare statistically different from

each other.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1  Physicochemical Parameters

Most of waste water parameters indicated theupoti were higher in Salender Bridge as
compared to Vingunguti Machinjioni due to the fHwit the activities that add the pollutants
are taking place along the river and there is np that these pollutants are taken away from
the river. Therefore there is magnification as aegdown the river from Vingunguti to

Salender Bridge.

4.1.1 Temperature

The temperature values of wastewater determingtientwo sampling points were
significantly differing by 0.42, using t-test onailéd assumed unequal variances of
two samples. The standard temperature of waterréshf water is Z-35C
according to standard of discharge of effluentsvastewater in the world (Kajura,
1995). Therefore the temperature of Selander anduriguti Machinjioni was within

the acceptable standard of temperature.

The lowest temperature and the highest temperatere observed in the sixth weeks
of observation at Salender Bridge. There were eads of sampling values, the
values increased or decreased for each sampling flemperature influences the
solubility of oxygen in water, vapour and pressimr¢he measured sample of oxygen
permeability (Matsche and Kreuzinger 2001). Temjpees were represented in
degree centigrade. The following (Figure 4.1) is ¢inaph of temperature variation in

two sampling points.



38

30
25 / \
(]
-]
L ; ;
o 20
= "4
)
@ 15 —— SALENDER BRIDGE
2
o
]
2 10 ——VINGUNGUTI
o MACHINJIONI
5
0 T T T T 1
0 2 4 6 8 10

Sampling time (week)

Figure 4.1: Temperature Variation

4.1.2 The pH

The pH is the negative decade logarithms of th® Eoncentration in water sample
and is the value of water and the index of acidityalkalinity. A number of mineral
and organic matters interact with one another @ ghe resultant pH value of the
sample (Shah et al., 2006). The pH of SelandergBrignd Vingunguti Machinjioni
was not significantly different. The pfl) two tailed was 0.898. It showed that the

water was slightly an alkaline in nature.

The pH of the two sampling points, which were asat}; indicated in Figure 4.2.
According to literature, the standard pH of theeriis 6.8 - 8.0 according to standard
of discharge of effluents or wastewater in the @diajura, 1995). The pH of the
two sites was within the permitted limit accordittgTanzania bureau of standards.
The most important effect of pH in water bodieduahce on the carbonate balance,

the dissociation of ammonium and solubility of thetal ions (Wenner and Sanger,
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1996). At low temperature pH raises the solubibtyon of copper, Zink, nickel, lead
and cadmium, whereas the solubility of vanadium aretcury decline. At pH 10
occurs a shift from the non toxic ammonia, whichdi to critical condition to fish.
The pH of most healthy estuarine is 6.0 - 8.5 nagdrom slightly acidic to slightly
basic. Most organisms are adapted to level witmaraow range of pH, can affect the
population and distribution of estuarine inhabisarithe pH influences the availability
of toxicity of contaminants marked, dissolve timancindicate the pressure of
effluents and atmospheric deposition of substanocelshowever, die variation in pH
also occurs and can be caused by photosynthesiseapitation cycles of algae in

eutrophic water (Wenner and Sanger, 1996).
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Figure 4.2: pH Value in Sampling Points
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4.1.3 Electronic Conductivity

Conductivity is used to determine salinity and esually a measure of the water to
conduct an electrical current (Wenner and San@6)L Conductivity is proportional
to the concentrations of total dissolved solids argjor ions, and its measurement is
influenced by amount of electric charge each iorbititg and temperature of the
water (Chapman, 1992). Conductivity is proven taubeful in determining the extent
of influence of runoff and effluents discharge e taquatic (Wenner and Sanger,

1996).

Electronic conductivity showed highest significgndifference between Selander
bridge as compared to Vingunguti Machinjioni. Thghest electronic conductivity

might be explained by the following possibility:

Discharge to streams can change the conductivpemtting on their make-up and a
failing sewage system would raise the conductibgcause of the presence of
chloride, phosphate, and nitrate, an oil spill vdoldwer the conductivity (APHA,
1992). Most of sewage system in Dar es Salaamiaretslto Msimbazi river and the
treatment are not well done, or partially done.llRahts from urban, agricultural,
industrial and industrial sources usually incretse electrical conductivity of water
and make it unsuitable for usage (Coast learn, ROM®st of the wastewater
produced in the city is deposited to the nearestitrer especially the people around
the river Msimbazi. All the deposition increasedadtical conductivity. Wastewater
from septic systems and drain field on-site wastem@eatment and disposal system,
increase the amounts of electronic conductivitywimstewater (Coast learn, 2012).

Waste from urban roads agriculture areas such edegs situated around stream
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increased the amount of electronic conductivityeesglly in Salender Bridge because
the entire river wastes deposition at this sampéirep. The conductivity of Selander
Bridge was higher than of Vingunguti Machinjioni eslicated in Figure 4.3 and
appendix. The mean concentration of conductivitysefander Bridge was above the
permissible limits of the world and Tanzania staddaof discharge. Higher
conductivity is the indicator that polluting disebas have entered the water. High
conductivity will result from the presence of varsions including nitrate, phosphate
and sodium (Behari, 1997). Aquatic animals andtglane adapted for a certain range
of salinity. Outside of this will be negative affed and may die (Fondriest

Environmental, 2015).

Effects of the conductivity: Conductivity in strearand rivers is affected primarily by
the geology of the area through which the watexndloStreams that run through areas
with granite bedrock tend to have lower condugtiiecause granite is composed of
more inert materials that do not ionize (dissol® iionic components) when washed
into the water (EPA, 2012). On the other hand,astiee that run through areas with
clay soils tend to have higher conductivity becaofsthe presence of materials that
ionize when washed into the water and the grounmaflows can have the same
effects depending on the bedrock they flow throgFA, 2012). Discharges to
streams can change the conductivity depending eim thake-up. A failing sewage
system would raise the conductivity because ofpitesence of chloride, phosphate,
and nitrate; an oil spill would lower the condudiv(EPA, 2012). Salts and other
substances affect the quality of water used fagation or drinking. They also have a
critical influence on aquatic biota, and every kwfdorganism has a typical salinity

range that it can tolerate. Moreover, the ionic position of the water can be critical.
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For example, cladocerans (water fleas) are far mersitive to potassium chloride
than sodium chloride at the same concentration ptH water quality. Excessively
high and low pHs can be detrimental for the usevater such high pH causes a bitter
taste, water pipes and water-using appliances be@morusted with deposits, and it
depresses the effectiveness of the disinfectioohtdrine, thereby causing the need
for additional chlorine when pH is high, and low-p¥ater will corrode or dissolve

metals and other substances.

Pollution can change water’s pH, which in turn éanm animals and plants living in
the water. For instance, water coming out of amdbaed coal mine can have a pH
of 2, which is very acidic and would definitely @ft any fish crazy enough to try to
live in it. By using the logarithm scale, this mideinage water would be 100,000

times more acidic than neutral water so stay oatbaihdoned mines.
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Figure 4.3: Electronic Conductivity

4.1.4 Total Dissolved Oxygen
Total dissolved solids is the total amount of meldharged ions, including mineral,

salts or metals dissolved in a given volume of watkich are expressed in units of
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milligram per volume of water (mg/L), (H.M. digitaR012). Total dissolved solids
were significantly higher for Selander Bridge asmpared to Vingunguti
Machinjioni. High data for Salender Bridge could delained by possibility of the

following:

Total dissolved solids in water supply originateahi natural sources such as sewage
urban, agricultural runoff, industrial wastes, cheats used in the water treatment
process and the nature piping or hardware usedmnweey the water such as plumbing
(Oram, 2014). In the United States elevated toissalved solids has been due to
natural environmental features such as minerahgpricarbonate deposits, and sea
water intrusion, but other source may include sa$tsd for road deicing, anti-skid
materials, drinking water treatment chemicalsfmsteater, and agriculture runoff of

point and non point wastewater discharge (Oram4201

Therefore, the accumulation of total dissolved mla8der Bridge associated with
various activities take place in Dar es Salaam wlike stream passed and ended
here. Total dissolved solid of Vingunguti was lowlean that of Salender Bridge as
indicated in Figure 4.4. According to the standagermissible limits of wastewater
discharge effluents the total dissolved solids ofgdnguti Machinjioni is within the

limits, this indicated that there is no pollutiohveater quality.
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The highest mean analysed in Salender Bridge, whitie indicators of wastewater.
The highest turbidity indicates the following cogsences undesirable taste which
could be salty, bitter or metallic and indicate presence of toxic minerals (Water
quality, 1998). High total dissolved solids becatifer performance have a high
rejection rate and know when to change your fittartilages. Also total dissolved
solids lead to hardness of water, which causesd¢hi buildup in pipes and valves

inhibiting the performance (Water quality, 1998).
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Figure 4.4: Total Dissolved Solids

4.1.5 Colour

Colour is an optical parameter consisting in ahisgrbf a part of spectrum of visible
radiation by substances and suspended particlesrmiran water of sewage. Colour in
water may appear as the result of different soacteity which is natural sources and
anthropogenic source. Natural source include typevemetation, decay of plant
matter, humid substances, algae growth, planktamenals, such as iron, manganese,
and copper and the anthropogenic sources invosggage from paper mills, textile

mills and food processing.
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There are two types of water colour considered iegpaolour and true colour, which
is distinguished from apparent colour by filteritige sample. True color is mostly
found in surface water and apparent color by isedlby coloured suspensions and
dissolved matter. Colour measurement is carriethbyuse of optical principle, light
absorbency and place detector in direction of inogmight source. Water colour
may be indicator of toxicity and may stain tex@ed fixtures. It may be a result of
the presence of coloured organic substances, m&dals as iron, magnesium and
copper or industrial wastes. Colour is the vitalnasst water users, be it domestic,

industrial, usually preferred is colourless water.

The colour was significantly higher @ 0.01) for Salender bridge as compared to
Vingunguti Machinjioni. The difference could be ¢éxiped by the following reasons:
Water whose colour is due to suspended matteidst@dave apparent colour which
faded out when suspended solids settle. After contéth debris such as leaves,
weeds and woods, water picks up tannins, humicawmidhumates to take a yellowish
brown hue. Iron oxide causes reddish water and areowgs oxide gives brown or
black is water (APHA, 1992).Industrial wastes froextiles and dyeing operation,
pulp and paper wastewaters food processing wagial$, mining, and refining and

slaughter house operations add colour and recestiegms.

Colour in water may result from the presence ofirtmetallic ions, humas and peat
materials planktons, weeds and industrial wasteHAP1992).The highest colour
was observed in Salender Bridge and the lowestucolwas in Vingunguti

Machinjioni as indicated in Figure 4.5. The mearerage of the Vingunguti



46

Machinjioni was within permissible limit but the are concentration Salender Bridge

was higher which indicates the availability of iy in water.
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Figure 4.5: Colour Values in Sampling Sites

4.1.6 Turbidity

The turbidity was significantly higher for Salendgdge as compared to Vingunguti
Machinjioni. However the data for Salender Bridgdicated high value of turbidity
at the sampling periods. High turbidity could be do the following:

Factors contributing to water turbidity include Iseiosion, elevated nutrients inputs
that stimulate algal blooms, waste discharge, anabaindance of bottom feeders that
stir up sediments (Kreger 2004). Msimbazi Riversgasthrough different places
where agriculture took place and increase soilienos/hich increades amount of
turbidity in the Salender areas. In Vingunguti Miagibni turbidity is lower than that
of Salender Bridge as indicated in Figure 4.6. @earin turbidity can have direct and
indirect effects on fish. At extremely high levetsybidity can directly affect fish

growth and survival, for example, by interferingthwiill function or the quality of
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substrata for egg laying (Bash et al., 2001). Byiting the photic zone turbidity can
also reduce habitat quality, for example, by redgcmacrophyte cover from

predators (Goldsborough and Kemp 1998; Bergei.etl399).

Turbidity also limits fish vision, which can intere with social behavior, foraging
and predator avoidance (Miner and Stein 1996; Meagal., 2006). This can have
varying effects on fish growth and survival, degegdon range factors such as
ambient light levels and depth; relative visualsstwvities of predators and prey, and

non-visual sensory abilities.

Although the effects of turbidity on freshwaterhies are well known, little is known
of the effects on marine fishes. Turbidity levelamarine systems are generally not as
extreme as fresh water hence; behavioral effeets@nsidered to be more important

than physiological effects (Utne-Palm, 1999).

The impact of changes in turbidity on fishes in imaisystems is likely to depend on
background turbidity levels. In the systems witghievels of algal productivity, high
flow and terrestrial inputs such as estuaries,iditsblevels are naturally high. In such
areas, turbidity can have a positive effect in oeoly predation from visual predators
(Johnson and Hines, 1999; Meager, 2003). Turbizhty also have a positive effect in
areas with low background turbidity where smallr@ases can enhance feeding of
planktivores and larval fish by increasing prey tcast (Boehlert and Morgan 1985;
Utne 1997). A similar visual effect is evident whea view a nearby object in thick
fog. However, with larger and more conspicuous aligargets, for example, fish
prey, for specifics predators, even small incremseurbidity rapidly limit visual

range.
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4.1.7 BOD and BODR

Biological oxygen demand is the measure of the tityaof oxygen consumed by
microorganisms during decomposition of organic eraftvater quality). Biological
oxygen demand is the most used parameter for deli@grthe oxygen demand on the
receiving water of the municipal or industrial diacge and it is used for evaluation of
efficiency of treatment processed and is an intlineeasure of biodegradable organic
compound in water. BOdds the biochemical oxygen demand for a period\ad tlays
which is equal to the amount of dissolved oxygejquined by the organism for the
aerobic decomposition of the organic matter presemwater. This is measured at
20°C for a period of five days the parameter yieldinfation on the degree of water

pollution with organic matter (Delzer and McKenZ©03).

BODs was significantly higher for Salender Bridge asnpared to Vingunguti
Machinjioni. The increase of biochemical oxygen deohin Salender Bridge could

be explained by the possibility of the following:
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Urban runoff carries pet wastes from street andcveidks, nutrients from lawn
fertilizers, leaves, grass clippings and paper fr@sidential areas which increase
oxygen demand (APEC, 2000). Some of the areas drdn@ Msimbazi River
cultivate green vegetable such as spinach, amaaGthinese cabbage, and others
using fertilizers from industries. Running waterrgad different wastes down to the
river. Therefore the amount of runoff increased aad to the accumulation of

biological oxygen demand in Salender Bridge.

Nitrate and phosphates in a body of water can e to high level of biological
chemical demand. By referring to the data obsenmvethis research the data in
Salender Bridge the amount of nitrate and phosphagehigh.Decreased of dissolved
oxygen in Salender Bridge lead to the increaseiabgical oxygen demand in this
sampling place because of oxygen available in tla¢emwis being consumed by
bacteria. The amount of dissolved oxygen in SalerBtelge was zero in all the
sampling periods. Biological oxygen demand leadsutophication in the water in
the water body. The BQof Salender Bridge is the higher than that of imguti
Machinjioni as indicated in Figure 4.7. The standBOD is 5-50mg/L according to
standard of discharge of effluents or wastewatethen world (Kajura, 1995). The
highest BOD is a best indicator of poor water gyadiccompanied by low dissolved

oxygen obtained at Salender area where there waslzsolved oxygen.

The problems associated with the higher BOD aréolews: the BOD affects the
amount of dissolved oxygen in rivers and streanie greater water the BOD, the
more rapidly the oxygen is depleted in the streBinis means less oxygen is available

to higher forms of aquatic life. The consequendesigher BOD are the same as the



low dissolved oxygen aquatic organism become sitessuffocate, and die (APHA,

1992).
250
: A
S~
[oT]
€ 200
-]
[
©
: / \
S 150
S
g —o— SALENDER BRIDGE
S 100
S
't / \ —8—VINGUNGUTI
v MACHINJIONI
g " \
2
0 T T T 1

4

6 8 10

sampling time (week)

Figure 4.7: Biochemical Oxygen Demand Values

4.1.8 Chemical Oxygen Demand

Chemical oxygen demand is a measure of the cap@actgnsume oxygen during the
decomposition of organic matter and the oxidatibrinorganic chemicals such as
ammonia and nitrite. COD measurement is commonigema samples of wastewater
or natural waters contaminated by domestic or itvcdlsvastes.The sampling value
of chemical oxygen demand for Salender Bridge wigbedn than the Vingunguti

Machinjioni.

The trends of chemical oxygen demand in SalendegBrincreased for the first three
weeks and dropped down then increased for two waeH#then decrease slowly.The
trends of Vingunguti Machinjioni started high inetffirst week then decreased, then
dropped down. Therefore the trend was not consigt€memical oxygen demand

was significantly higher for Salender Bridge as paned to Vingunguti Machinjioni.
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The high chemical oxygen demand of Salender Bricg@#d be explained by the

following possibility:

High chemical oxygen demand decreased the amoudissblved oxygen available
for aquatic organism. Using the results which wanalyzed in this research, it is
observed that the dissolved oxygen of SalendergBridas approximately zero in all
the sampling periods. Highest chemical oxygen demanwaste or natural waters
caused of contaminated by domestic or industriadt@sga According to the nature of
Msimbazi River the indigenous of Dar es Salaamthseriver for dumping wastes
from homes, markets, and other business activilié¢® most effluents are from
toilets, industries, and other sewage, directs evastters into the river without any
kind of the treatment. All the above activities tduted to the increase of chemical
oxygen demands in Salander Bridge.Chemical oxygemamd of Salender Bridge
was higher than the COD of Vingunguti Machinjiors andicated in Figure 4.8.

According to the standard to discharge water inzaara, the permissible limit is

60ml per litre (Kajura, 1995). The mean of the teites indicates that the obtained
data was above the permissible limit, the diffeeeveas slightly in Vingunguti

Machinjioni. In Salender Bridge the amount of CORalgzed was too higher which

indicate the following:

Adverse human impacts: higher levels of COD in wafeen correlate with treats to
human including toxic algae blooms bacteria frongamic wastes and seafood
contamination (NOAA, 2003).Adverse impacts to theienment: higher COD level

decrease the amount of dissolved oxygen availaisl@dquatic organisms, dissolved

oxygen or hypoxia caused reduced cell functioniisgughts, circulatory fluid balance
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in aquatic species and can result in death of iddatl organisms (ESA, 2000). As
wall the larger dead zone. Hypoxic water can alslease pollutants stored in

sediment.
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Figure 4.8: Chemical Oxygen Demand

4.1.9 Nitrate

Nitrate was significantly higher for the SalenderdBe as compared to Vingunguti
Machinjioni. The higher nitrate in Salender Bridgeuld be explained by the

possibility of the following:

Nitrates caused by the discharges of agricultunal iadustrial sources and caused
eutrophication of water bodies with high concemratof these pollutants make the
water unsuitable for drinking and industrial us@igesgar, 1997). Common source of
excessive nitrogen include sewage and agriculwmeff (Kregar, 1997). Most of the

sewage system are directed into the river espgdiddimbazi River this increased

highest amount of sampling points. The excessivieiemis can lead to decreased
levels of dissolved oxygen as the results of eticgiion (Kregar, 1997). Sewage

carried excessive nutrients such as nitrogen anosgftorus to stream water.
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Therefore the amounts of dissolved in Salenderd@ricthcreased amount of nitrate
and made the highest accumulation of nitrate. Theme variations of nitrate
concentration at different sampling locations aswshin Figure 4.9 and appendix 1.
The presence of nitrate in water indicates theyfolidized organic matter. The
highest concentration of NQvas recorded in Salender Bridge. The increasétraite
indicates that the wastewater from the abattoiicis in nitrate. The standard of NO
is 10mg/L according to Standard of discharge olugfits or wastewater in the world

(Kajura, 1995). The high amounts of nitrate leathesfollowing problems:

Excessive concentrations of nitrate in lakes anebsts can cause excessive growth
of algae and other plants, leading to acceleraté@ghication or 'aging' of lakes, and
occasional loss of dissolved oxygen whereby aninald humans cannot use
inorganic forms of nitrogen, so nitrate is not arimt for us. If nitrate-nitrogen

exceeds 10 milligrams per liter in drinking watédrcan cause a condition called

methemoglobinemia or "blue baby syndrome" in irdagmdd some recent studies has
indicated a possible connection between elevatgdtaiconcentrations and cancer

(EPA, 2014).

Methemoglobinemia is the most significant healtbbpem associated with nitrate in
drinking water. Blood contains an iron-based conmgboalled hemoglobin, which
carries oxygen. When nitrite is present, hemoglolwan be converted to
methemoglobin, which cannot carry oxygen. In theobll of adults, enzymes
continually convert methemoglobin back to hemogioland methemoglobin levels
normally do not exceed 1 percent. Newborn infaresehlower levels of these

enzymes, and their methemoglobin level is usualtp 2 percent. Anything above
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that level is considered methemoglobinemia (McGuaklat al., 2012). The other

problems associated with the increase of nitragaraticated below:

Ammonia and ammonia solution are irritant and cgist® and may be harmful by all
exposure routes which results in pain, excessilkaisan, and burns to the mouth,
throat and oesophagus (Prichard, 2007). Acute atibal may cause upper respiratory
tract irritation and substation exposure can cabsens in the oral cavity,
nasopharynx, laynx, and trachea together with airelastruction, respiratory distress,
and bronchiolar and alveolar oedema and ammoraaononia solution are corrosive
in contact with tissue, and splashes to the eye mswlts in serious injury (Prichard,
2007). Effects of chronic oral exposure have nenba@efined in humans experiments,
in animals suggests osteoporosis occurring secgridachronic metabolic aciclosis.
Chronic inhalation has been associated with ineréas<augh, phlegin, wheeze, and

asthma. Ammonia is considered not a human reprivéuat development toxicant.
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4.1.10 Sulphate

Sulphate is naturally occurring substance thataiostsulphur and oxygen present in
various mineral salts that are found in soil (S&dk@van, 2003). Source of sulphate
in water are soil. Decaying plant and animal mattemerous chemical products such
as ammonium sulphate fertilizer contain sulphatevarious sulphates and the
treatment of water with sulphate or copper sulpras® introduces sulphate into
water supply. The other source of sulphate areamuactivities such as combustion
of fossil fuels and sour gases processing releag oxides to the atmosphere
some of which are converted to sulphate (Saskathe 2003).Sulphate was
significantly higher at Salender Bridge as compace®ingunguti Machinjioni. The
data for Salender Bridge indicated highest valusuljphate at all sampling periods

which could be explained by the following reasons:

Many industrial processes, including the food aexnintation industries, generate
wastewater containing high levels of organic madted sulphate (Zub at al., 2008).
Therefore the high production in food and fermenidustries such as Tanzania
brewers, bakery and beverage production in Dar Sakam whereby all the

wastewater are directed into Msimbazi river cauiesl increased of sulphate at
Salender Bridge. Sulphate came from dissolved raisgacid rain and other sources
such as discharged wastewater from industriesuggtulphate and sulphuric acid as
the mining and smelting operations, kraft pulp gager, textile mills and tanneries.
All these activities lead to the increase of sutplat the end point of the river. Most
of industries are available along Msimbazi Riverevdby the wastewater from the
industries are discharged without treatment. THphstie of Msimbazi River was

observed in two sampling points. It was observedt thulphate at Vingunguti
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Machinjioni was lower than that of Salender Bridgel it was within the permissible
limits of 500mg/l according to TZS 860:2005 limfts municipal and wastewaters as
indicated above in Figure 4.10. The mean conceotratf Salender Bridge is higher

than the permissible limits.

High amount of sulphate in drinking water lead ke tfollowing problems: high
concentration amount of magnesium or sodium sudplmafy result in intestinal
discomfort, diarrhea and consequently dehydratitigh concentration of sulphate
may also interfere in efficiency of chlorination some water supplies and may
increase the corrosive properties of water (Sabkatan, 2003). Natural sources of
sulphur include volcanoes, decomposition and cotidousf organic matter and from
sea salt over the oceans. Particles of sea saftefbiby the breaking of myriads of
bubbles are an important source of atmospherichatdp The atmosphere is the main

vehicle for transport of sulphur from various sas.c
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Figure 4.10: Sulphate Values
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4.1.11 Phosphate

The lowest concentration of phosphate in Vingunitdichinjioni and the highest is
in Salender Bridge as indicated in Figure 4.11. Staedard PQis 10mg/L according
to standard of discharge of effluents or wastewatethe world (Kajura, 1995).
Health effects of phosphates to human beings: Ploogp can be found in
environment commonly as phosphates. Phosphatampogtant salt in human body
because are part of DNA materials and they takeipamnergy distribution also they
found in plants. Too much phosphate can cause hh@atiblems such as kidney
damage and esteoporosis (Lenntech, 2014). Phosphattage can also occur and
lead to the extensive use of medicine. White phogpghoccurs in nature and causes
serious danger to our health, it is extremely puiss and in many cases exposure to
it can be fatal (Lenntech, 1998). White phospharasses death, before the people
exposed do often experience nausea, stomach cramapdrowsiness. Not only that
but also the white phosphorus can cause skin matrdamage to the liver, heart the

kidney (Lenntech, 1998).

Effects of phosphate to the environment. Phosghai@e many effects upon
organisms. The effects are mainly consequencemisseon of the large quantities of
phosphates into the environment due to moving amidivating. During water
purification phosphates are often not removed pig@® that they can spread over a
large distance when found in surface waters (Levumet 1998). The increasing
phosphates concentrations in surface water rasgrbwth of phosphates dependent
organism such as algae and duck weed (LenntecB).1BBese organisms use great a
deal of oxygen and prevent sunlight from enteriregex which makes fairly unlivable

for other organisms. The major effects of phosplaaid nitrate in the environmental
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are the eutrophication. Algae differ from microsicolfe in our water bodies in their
mode of respiration; they release oxygen duringdag than they use and absorb
more carbon dioxide than they release while animatsl non-photosynthesis
organism release carbon dioxide and absorb oxygéeheir environment (Lenntech,

1998).

Algae remove oxygen supplied from the body of wadering photosynthesis
beneficial to most forms of life in streams, thhe temoval would often be detriment
rather than benefit. Species diversity decreasedantinant biota changes, plant and
animals biomass increase, turbidity increase,ohsedimentation increase shortening
the life span of the lake, anoxic condition mayelep (Lenntech, 1998).The changes
in nutrient level and biology can directly affeetirhan activities. The main occurring
problems can be as follows: the water can be mjisrito health, the amenity value of
water may decline, increased vegetation may impedeer flow and navigation,
commercially important species of fish may disappead treatment of drinking

water may be difficult and can have an unacceptasie of odors.

Algae and cyanobacterial blooms, cultural eutropton causes excessive algae
blooms in water bodies with consequent algae avaddd under certain conditional
of darkness and warm temperature these blooms meaydedcompose and produce
offensive sewage like odor. They have a negativyeach on water quality creating
taste and odors problems and interfering with aesaater treatment process. When
certain bacteria populations reach very high prijgporthey can also produce toxics
that can render water unsafe for consumption. EBkeesquatic macrophyte growth:

Increased nutrient levels can stimulate other foomgrimary production in addiction
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to algae and cynobacteria. The liftoral zones ofiynautrient eroded water bodies are
often chocked with excessive growth of aquatic mplyte which influence
recreational and industrial activity and alter steucture of food web. Excessive
growth of phytoplankton and macroscopic plants mtew~ create aesthetic problem
and reduce the value of the body water as a resneggsources and cause the water
to appear turbid and aesthetically unappealing.rddwopic plants can completely
cover the entire surface of eutrophication lake&intathe water almost totally unfit

for swimming and boating.

Deep water oxygen depletion: Oxygen is requiredalbforms on the planet, with
exemption of some bacteria. For this reason oxydgpletion is considered to be
serious lake management problem often associatidewtrophication, which causes
an increase organic matter production, so more mahtedimenting down into the
profoundly waters, consuming oxygen. Other effemtseutrophication are anoxia
which kills fish and invertebrates and also leanlseiease unpleasant and injurious

gases, alga blooms and uncontrolled growth of aijeatic plants.

Production of toxic substances by some species loé lgreen algae: High
concentrations of organic matter which if treatedthwchlorine can create
carcinogenic compounds. Detection of recreatioafles of a lake or reservoir due to
decreased water transparency. Restricted accesstiorg angling and recreational
activities due to plant accumulation. Decreased bramof species and diversity of
plants and animals (UNEP). By using the data obthin two study sites the results
indicated the low amount of phosphate than the @sibie limits. If the phosphate is

low it means that, the pollution is in small amoamid the water is safe for living
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organism found in Msimbazi River. It is our respibrigy to maintain the quality of
water so that we can avoid the problems identifieithe above paragraphs, shown the

problems of excess phosphate to the ecosystemter arad wastewater.
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Figure 4.11: Phosphate Values

4.1.12 Dissolved Oxygen (mg/L)

Results of dissolved oxygen are presented in Figut2 and Appendix 1. Dissolved
oxygen was significantly higher (p<0.01) for Vingui Machinjioni as compared to
Salender Bridge, however data of Salender Bridgeated no dissolved oxygen at
all sampling periods. Lack of dissolved oxygen aleSder Bridge could be explained
by the possibility of oxygen depletion due to inha$ effluents discharge into the

study areas. Such results agreed with the followepgprts:

Direct discharge of pollutants from point sourcel aron point source into a river
segment add to its carbonaceous biochemical oxyfgnand that may depress

dissolved oxygen below acceptable concentratioghb@tg, 2009).



61

Low dissolved oxygen primary results from excessigae growth caused by high
levels of phosphorus (Risberg, 2009). Nitrogennistlaer nutrient that can contribute
to algae growth. Die off and decomposition of sulged plants also contribute to
low dissolved oxygen (ibid.). Field observation $lander area showed intense
accumulation of algae. In addition results forogen and phosphorus were also high
in this sampling area. Therefore low level of diged oxygen could be explained by
high levels of phosphorus and nitrogen accumulasib®alender Bridge. Dissolved
oxygen is highest at Vingunguti Machinjioni. Theseno dissolved oxygen obtained
at Salender Bridge, it appears 0.0 (or the totaleabe of dissolved oxygen was
observed at Salender Bridge as indicated in Figui2. The results indicated the
lowest dissolved oxygen at Salender Bridge whiamidesirable condition for aquatic
animals. The necessary implementation should bes daonorder to rectify the

conditions which are undesirable.

Dissolved oxygen 4 milligrams per litre are consédeto be unhealthy for many
aguatic community inhabitants (Wenner and Sandg#96)L Fish and other estuarine
organisms also react as tidal creeks, undergo aegeélriods of low oxygen (2mg/l)
but these instances are usually short lived abéh8urs and are part of the natural
fluctuation in dissolved oxygen (Wenner and San$886). The oxygen content of
estuarine water varies with temperature, salititsgulence, atmospheric pressure and
the photosynthentic activity of algae and submergdahts (Chapman, 1992).
Temperature also controls the rate at which plan&torganisms use oxygen. The
decline and loss of fish population habitants bseaof low dissolved oxygen
concentration is one of the most problems assatiaith eutrophication in coastal

waters (Deegan and Buchsbaum, 2005).
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Figure 4.12: Dissolved Oxygen

4.2  The Effects of Wastewater

Untreated sewage is dangerous to public healthuseda contribute to environmental
water, land, and air pollution which facilitate thansmission of disease, depression
of land and degradation of the environmental (Rgier2001). Discharging highly
polluting waste into a body of water has negatiffeots on human, animal, and plant
life such as reduction of dissolved oxygen whichyratiect aquatic life, at the same
time, the absence of dissolved oxygen in the watdch leads to septic condition
(Rukunga, 2001). Health hazards to communities amereased and social amenities
such as swimming are decreased and too many pulutaduce the self purification
capacity of water, especially at the point of mgiand promote the excessive growth
of aquatic plants (Rukunga, 2001). Polluted wataes aesthetically objectionable
because they emit unpleasant odors. Furthermotetenileads to disease called
methaemoglobinemia (or blue baby disease) whi¢hasreduction of oxygen in the

bloods stream of babies (Rukunga, 2001).
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATION

5.1 Introduction

"The domestic waste water discharge and industisaharge of water system without
treatment considered as the main source of manic tamd injurious chemical
constituents which has the serious effects on pubéalth problems. The rapid
increasing population densities, domestic and im@diswaste waters in Dar es

Salaam, are the large sources of effluents thadiaoharged in Msimbazi River.

5.2  Conclusion

The amount of pollution in Msimbazi river was highe to the fact that most of
parameter analyzed determined in the study suchurmsdity, colour, dissolved

oxygen, total dissolved oxygen, electronic conduigti nitrate, biological oxygen

demand and chemical oxygen demand exceeded thespayi@ limit of wastewater

discharge in the river. All of these parametersicatd the highest amounts of
pollution in waste water. Although other parametavhich were within the

permissible limit such as pH, temperature, phosphat sulphate.

The sampling points indicated the highest variatiotwo sampling areas, such as the
all parameters taken in the study except dissobsadien were highest in Salender
Bridge. Only dissolved oxygen determined highevimgunguti. The Salender Bridge
contained more pollutants because it is endingtpadh the river.In the study the
possibility for waste water discharge on fresh wagteality in Dar es Salaam could be

end up if the attention has been given to the dgweent of knowledge to the people
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on the effects of wastewater discharge in watellityuim Tanzania. Treatment of
waste water before entering in the river which mgkthe water used for other
activities such as irrigation of the gardens andhway machines. For the reduction
of the environmental problems which occurs becafseaste water discharge in
fresh water, improving industrial management of t&agater discharges, improving
housekeeping practices and management on the effiteants. In order to solve the
situation, the reduction of water consumption withalecreasing the hygienic
standards, prevention of the production of wasteemand development of new clean

processing methods and treatment of waste water.

5.3 Recommendation

For the assurance of the effective waste wateritgual Tanzania the appropriate
wastewater treatment strategies are vital sucheesbi@ and anaerobic treatment of
waste water using the modern treatment methodsormmunities where wastewater
treatment is inadequate or nonexistent, the oppiies for people to become

infected seem endless. For example, people hawerteei! by doing the following:

« Drinking contaminated water, juices made with waterother beverages
made with contaminated water or ice

« Eating food improperly handled by infected peoplearriers (often workers
in restaurants or food processing facilities)

- Eating vegetables and fruits contaminated by itiogewith polluted water or
fertilized with untreated sewage or sewage sludge

« Eating meat or drinking milk from animals that ggdo0n contaminated

pasture or drank contaminated water
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« Eating fish or shellfish grown, caught, or harvdstecontaminated water

- Eating food exposed to flies or vermin that feedboroome into contact with

sewage.

To stop the unnecessary usage of rivers as th@idgrareas for rubbish produced in
the domestic usage and local industries. Standawlage network must be

constructed to collect the domestic and indusividte water.

Moreover the construction and maintenance of sewsg&ork must be with high
quality and controlling to prevent the leakage @fstewater. The county must have
the best rules and regulations so as to protecetivronmental from any kind of

destruction on water source such as the riversnsce@as and other water body area.
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APPENDICES

Appendix |: Laboratory Results
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Appendix II: Data Analysis by using t-test

DO
Salender Vingunguti
time (week) Bridge Machinjioni
1 0 13.8 t-Test: Two-Sample Assuming Unequal Vaésn
2 0 9.2
3 0 5.2 Variable 1 Variable 2
4 0 10.2 Mean 6.6875
5 0 5 Variance 0 20.25553571
6 0 8 Observations 8 8
Hypothesized Mean
7 0 0 Difference 0
8 21 df
t Stat 4.202782562
P(T<=t) one-tail 0.002010815
t Critical one-tail 1.894578604
P(T<=t) two-tail 0.004021631
t Critical two-tail 2.364624251
COLOUR t- test 3 type
Salender Vingunguti
TIME Bridge Machinjioni
1 440 112 t-Test: Two-Sample Assuming Unequal \Yeés
2 352 74
3 451 74 Variable 1 Variable 2
4 501 146 Mean 478.25 110
5 556 122 Variance 28843.07143 2442.285714
6 666 210 Observations 8 8
Hypothesized Mean
7 168 68 Difference 0
8 692 74 df 8

t Stat
P(T<=t) one-tail

5.888669637
0.000183199
1.859548033
0.000366398
2.306004133

t Critical one-tail
P(T<=t) two-tail

t Critical two-tail
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Salender Vingunguti
TIME Bridge Machinjioni
1 0.72 1.69 t-Test: Two-Sample Assuming Unequalarees
2 1.45 0.066
3 0.05 0.275 Variable 1 Variable 2
4 1.8 0.812 Mean 0.6272 0.410275
5 0.733 0.264 Variance 0.471008263 0.334648434
6 0.2 0.0042 Observations 8 8
Hypothesized Mean
7 0.0066 0.017 Difference 0
8 0.058 0.154 df 14
t Stat 0.68356464
P(T<=t) one-tail 0.252703458
t Critical one-tail 1.761310115
P(T<=t) two-tail 0.505406916
t Critical two-tail 2.144786681
COD t-test type 3
Salender Vingunguti
TIME Bridge Machinjioni
1 169.67 42.25 t-Test: Two-Sample Assuming Unelfaaiances
2 183.66 35
3 211.2 87.8 Variable 1 Variable 2
4 60.6 275 Mean 203.34 69
5 211.2 98.56 Variance 12245.59031 2155.314486
6 415.26 165.3 Observations 8 8
Hypothesized Mean
7 283.2 40.97 Difference 0
8 91.93 54.62 df 9
t Stat 3.166324692
P(T<=t) one-tail 0.005716668
t Critical one-tail 1.833112923
P(T<=t) two-tail 0.011433337

t Critical two-tail 2.262157158

Temperature In C

In Centigrade

Salender Vingunguti
Time Bridge Machinjioni
1 23.6 23.7
2 18.8 234

t-Test: Two-Sample Assuming Unequalarees
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3 22.6 224 Variable 1 Variable 2
4 27.8 28.5 Mean 24.425 24.75
5 28 28 Variance 12.87071429 7.025714286
6 20.7 20.9 Observations 8 8
Hypothesized Mean
7 28.3 25.5 Difference 0
8 25.6 25.6 df 13
t Stat 0.206082347
P(T<=t) one-tail 0.419959468
t Critical one-tail 1.770933383
P(T<=t) two-tail 0.839918936
t Critical two-tail 2.160368652
Total Dissolved
Solids t test type 3
Salender Vingunguti
Time Bridge Machinjioni
1 15060 752 t-Test: Two-Sample Assuming Unequalaviaes
2 11680 893
3 4980 848 Variable 1 Variable 2
4 4980 965 Mean 7895.125 923.5
5 5001 944 Variance 13983172.98 7899.142857
6 5460 1006 Observations 8 8
Hypothesized Mean
7 8670 963 Difference 0
8 7330 1017 df 7
t Stat 5.271734313
P(T<=t) one-tail 0.000579215
t Critical one-tail 1.894578604
P(T<=t) two-tail 0.001158431
31.4 t Critical two-tail 2.364624251
pH t-test type 3
Salender Vingunguti
Time Bridge Machinjioni
1 6.72 6.67 t-Test: Two-Sample Assuming Unequalaraes
2 6.69 8.77
3 9.63 8.99 Variable 1 Variable 2
4 9.16 9.19 Mean 8.79875 8.72625
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5 9.65 9.2 Variance 1.7312125 0.709855357
6 9.63 8.95 Observations 8 8
Hypothesized Mean
7 9.1 9.08 Difference 0
8 9.81 8.96 df 12
t Stat 0.131248115
P(T<=t) one-tail 0.448876896
t Critical one-tail 1.782287548
P(T<=t) two-tail 0.897753792
t Critical two-tail 2.178812827
Sulphate t- test
Type 3
Salender Vigunguti
Time Bridge Machinjioni
1 1483.5 156.03 t-Test: Two-Sample Assuming Unelfaalances
2 1052.09 172.2
3 386.56 118.89 Variable 1 Variable 2
4 262.52 67.29 Mean 583.67875 155.315
5 358.14 250.05 Variance 231282.4077 5671.795514
6 308.04 234.64 Observations 8 8
Hypothesized Mean
7 770 41.66 Difference 0
8 48.58 201.76 df 7
t Stat 2.48900344
P(T<=t) one-tail 0.020828651
t Critical one-tail 1.894578604
P(T<=t) two-tail 0.041657301
t Critical two-tail 2.364624251
BOD mg/L t- test type 3
Salender Vingunguti
Time Bridge Machinjioni
1 80.5 20.1 t-Test: Two-Sample Assuming Unequalaraes
2 93.42 18
3 100.5 40.9 Variable 1 Variable 2
4 31 12.33 Mean 103.1675 33.85375
5 107 48.2 Variance 3748.222621 573.3668268
6 227.92 85 Observations 8 8
7 140.5 21 Hypothesized Mean 0
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Difference
8 44.5 253 df 9
t Stat 2.982240308
P(T<=t) one-tail 0.007696756
t Critical one-tail 1.833112923
P(T<=t) two-tail 0.015393513
t Critical two-tail 2.262157158
Nitrate t-test type 3
Salender Vingunguti
Time Bridge Machinjioni
1 17.8 4.3 t-Test: Two-Sample Assuming Unequal &fares
2 27.2 13.8
3 3.2 1.3 Variable 1 Variable 2
4 3.8 9.6 Mean 23.95 8.75
5 35 15.7 Variance 194.9714286 21.53428571
6 35.1 7.8 Observations 8 8
Hypothesized Mean
7 35 8.7 Difference 0
8 345 8.8 df 9
t Stat 2.921822976
P(T<=t) one-tail 0.00849069
t Critical one-tail 1.833112923
P(T<=t) two-tail 0.016981381
t Critical two-tail 2.262157158
Electronic Conductivity
mg/l t-test type 3
Salender Vingunguti
Time Bridge Machinjioni
1 25700 1512 t-Test: Two-Sample Assuming Unequaiaviaes
2 20300 1789
3 9120 1698 Variable 1 Variable 2
4 8430 1918 Mean 13975 1843.375
5 9210 1884 Variance 38694971.43 29336.26786
6 10220 2010 Observations 8 8
Hypothesized Mean
7 15380 1916 Difference 0
8 13440 2020 df 7

t Stat

5.514068282
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P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail

t Critical two-tail

0.00044657
1.894578604
0.000893141
2.364624251

Turbidity t-test type 3
Salender
Parameter Ntu  Bridge Vingunguti Machinjioni
1 31.4 13.4 t-Test: Two-Sample Assuming Unequalaraes
2 79.9 29.3
3 51.6 62.6 Variable 1 Variable 2
4 63 14.3 Mean 79.25 31.2125
5 90.8 14.4 Variance 1359.508571 365.3983929
6 102 27 Observations 8 8
Hypothesized
7 63.3 57 Mean Difference 0
8 152 31.7 df 11
t Stat 3.27146707
P(T<=t) one-tail 0.003722876

t Critical one-tail
P(T<=t) two-tail

t Critical two-tail

1.795884814
0.007445753
2.200985159




