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ABSTRACT

Coastal marine eutrophication is recognised as a worldwide problem. On a global scale, it is

now estimated that the input of nutrients especially various forms of nitrogen and

phosphorus, to marine ecosystems from human sources via rivers are equal to or greater than,

the natural input.

The proposed study aims at assessing the eutrophication status of creeks to determine effects

of nutrient loading on these ecosystems. This aim will be achieved by assessing the forms,

concentrations and ratios of nitrogen and phosphorous as principal nutrients and how they

affect rates of production and both phytoplankton and zooplankton compositions.

The creeks have been chosen due to differences in nutrient loading. Port Reitz and Mtwapa

creeks will be compared to Funzi bay, a relative pristine ecosystem.

Sampling in these areas will be done taking into consideration, both point and non-point

sources of anthropogenic nutrient loading. Physico-chemical parameters that will be

analysed at each site include temperature, conductivity, dissolved oxygen and salinity. The

various forms and concentrations of Nitrogen and Phosphorous will be analysed using

various methods described for the analysis of nutrients in tropical seawater. Various

phytoplankton and zooplankton compositions will be counted and analysed statistically using

the Shannon-weaver method. The effects of nutrients on primary production, phytoplankton

and zooplankton abundance will be determined in a bid to assess eutrophication and nutrient

loading effects to productivity of these ecosystems.

The information obtained during this study shall contribute significantly to the formulation of

pollution/eutrophication control procedures as well as a basis for future research.
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INTRODUCTION

The study of ecological dynamics in oceans and coastal waters requires knowledge on

environmental factors and effects on organisms and physiological mechanisms involved in

synthesis and transformation of organic material. Ecological dynamics comprises the

processes of production, transformation and decomposition of organic matter; as well as the

forces, which control the integration of different species into a system.

Human activities in rivers and watersheds have altered enormously the timing, magnitude and

nature of inputs of nutrients in marine ecosystems. Coastal marine eutrophication results

from the supply of excessive plant nutrient compounds especially various compounds of

nitrogen and phosphorous. On a global scale, it is now estimated that the input of nutrients to

the oceans from human sources via rivers is equal to, or greater than, the natural input

(Windom I 992). The ratio and concentrations of various nutrients especially nitrogen and

phosphorous affect the rates of production and compositions of plankton assemblages.

Shallow coastal waters are highly dynamic ecosystems. Rates of primary production and

mineralization are high and pelagic and sediment processes are tightly coupled. Shallow

coastal waters are also naturally eutrophic ecosystems, and in addition receive high nutrient

input from land. Coastal waters function as filters by retaining a substantial proportion of the

nutrients transported from land to the open sea. Coastal eutrophication increases the

importance of pelagic processes relative to benthic processes in primary production and

mineralization of organic matter, and the temporal and spatial separation of oxygen evolution

and consumption resulting in larger fluctuations in oxygen concentrations.

Changes in nutrient loading can result in ecosystem changes such as a shift in the dominant

primary producer. Further understanding of the most prevalent sources of nutrients to these

systems is vital. In most marine systems, phytoplankton growth is limited by the amount of

nitrogen available, therefore affecting zooplankton compositions. Moreover, increased

nitrogen loading is detrimental as it can lead to toxic algal blooms and fish kills.

It has been demonstrated that coastal waters receiving industrial, agricultural and domestic

effluents, which frequently are high in plant nutrients, do in fact experience a general increase

in algal growth. These nutrients can stimulate or enhance the impact of toxic or harmful
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species In several ways. The nutrient ratio hypothesis (Smayda, 1990) argues that

environmental selection of phytoplankton species is associated with the relative availability

of specific nutrients in coastal waters. Human activities have altered these nutrient supply

ratios in ways that favour harmful forms.

Research into coastal and estuarine eutrophication has focused overwhelmingly on the

addition and fate of inorganic forms of nitrogen, ammonium and nitrate. The principal

nutrients involved in eutrophication in coastal waters, Nand P may exist in a range of forms

or species. Inputs of N and P into the marine environment normally occur as a mixture of a

number of chemical forms, which vary considerably in many important properties relevant to

eutrophication including bioavailability, mobility and stability. The principle forms of

nitrogen include the dissolved inorganic forms, nitrate and nitrite and ammonium/ammonia;

dissolved organic N include simple, identifiable compounds such as amino acids and urea as

well as complex, high molecular weight, poorly characterised material; and particulate N.

Additionally, dissolved nitrogenous gas may playa role in marine nitrogen cycles. Nitrogen

gas is available in unlimited quantities from the atmosphere, and can be used by N fixing

organisms.

Phosphorous on the other hand may occur as dissolved inorganic P (primarily orthophosphate

but also as polymeric forms), dissolved organic P, particulate organic P and particulate

inorganic P. The latter may include, especially in river run-off, P mineral substances that are

not available for uptake by marine organisms. Anthropogenic or anthropogenically enhanced

sources of nutrients to the marine environment are soil erosion, fertiliser run-off, sewage

discharge, rainfall, intensive animal production including aquaculture, and industrial

discharges. The major anthropogenic inputs of P to the marine environment are agricultural

run-off (diffuse inputs) and sewage discharges (point sources inputs). The principal

agricultural inputs derive primarily from the use of fertilizers and secondly from increased

mobilisation of natural P from increased soil erosion. Sewage P sources are primarily human

wastes and P- containing detergents.

Eutrophication will often progress through a sequence of stages, characterised in the global

state of the marine environmental report as an idealised progression. This involves a)
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enhanced primary productivity, b) changes in plant species composition c) very dense

blooms, often toxic d) anoxic conditions e) adverse effects on fish and invertebrates, f)

impact on amenity g) changes in structure of benthic communities (GESAMP, 1990). Not all

these stages are present or evident always.

This study will therefore give a comparative insight in nutrient and plankton dynamics of

creeks, assessing impacts of polluted versus "pristine" creek ecosystems. The main theme of

this study will be the sources and effects of coastal eutrophication.

STUDY AREA
Geographic Setting

Mombasa, Kenya's second largest city, is sited on an island overlooking the equatorial Indian

Ocean at about latitude 04" 05 S and longitude 39" 65" E. To the southwest and west of

Mombasa Island, the Port Kilindini and Port Reitz creek complexes extend inland for some

15 km. To the Northwest and north, Mombasa Harbour and the Tudor Creek complex bound

the island. Fluvial inputs to these systems are provided by the Mwache, Shimba, Kombeni

and Tsafu rivers, the annual discharges from which range between 10-50x 106 m3. A

multiple reef (typically 1-1.5 km offshore) north and south of Mombasa fringes the open

coastline, which extends virtually unbroken for a distance of 60km between Mtwapa and

Gazi.

Port Reitz, Mtwapa creek and Funzi bay are selected creek ecosystems for this study. The

selection of these sites is based on the different nutrient loading levels that exist in these

systems. Port Reitz consists of various point sources of nutrient loading. These include, the,

ferry services, sewage disposal areas that are used by the municipal sewage works, ship

berths and coals berths. In addition, rich nutrient inflows from rivers, carrying urban

wastewater from both industrial and domestic activities from upstream flow into these marine

system. Mtwapa creek system receives raw sewage from nearby beach hotels, residential

quarters and a government prison, which directly discharges waste into the creek, and

underground seepage from septic tanks. Poor drainage systems within the neighbouring

Mtwapa municipality leads to storm run-off waters flowing into the creek. It is also strongly
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influenced by seasonal river discharge (Mwangi et al 1998).

On the other hand, Funzi bay, which comprises of Shirazi creek and Ramisi estuary, IS

relatively unpolluted. Although tourism activities and urbanisation is slowly on the increase,

there are not much human settlements around this area.

This study will compare the two polluted and pristine creek ecosystems in a bid to assess

impacts of nutrient loading to primary production rates and changes in plartkton

compositions.

Physiography and Climate

Two seasonal wind regimes, the Southeast Monsoon from April-October and the Northeast

Monsoon from November-March influence the rainfall regime of the Kenya coast. An

average annual precipitation of 1100 mm is substantially concentrated into two periods

referred to as the "short" (October-November) and "long" (March-May) rains. Average daily

temperatures range from 23"C in June- July to 31" C in December-January, with a mean

relative humidity of 67%.

The following are maps of the selected study sites:
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LITERATURE REVIEW

. Tudor creek, which is approximately 20km long, forms the northeastern boundary of

Mombasa Island. The characteristics of this creek are such that during the rainy season, a

salinity gradient develops due to river drainage system upstream. Nutrient distribution pattern

studies have been undertaken in this Creek. The linear drop of phosphate and nitrate

concentrations in the month of May in this study indicates that conservative mixing of these

two elements during the rainfall peak of the month. Towards the end of June, after the heavy

rains, non-conservative mixing was clearly noticed. This non-conservative mixing is mostly

because of reduced freshwater nutrient input compounded by a localised nutrient- loading

source identified as the Coast General Hospital sewage system. (Kazungu, et aI., 1989). Such

point sources of additional nutrients may often result into eutrophication.

Nutrient dynamics investigations have also being carried out in Gazi bay. This bay is situated

SO km South of Mombasa. The bay is a shallow semi-enclosed coastal water system whose

total area excluding the swamp is about lOkm2. In order to investigate nutrient dynamics in

Gazi bay, a number of strategic stations had to be established. One station was selected to

represent the oceanic environment. Another one was selected to monitor dissolved nutrient

and Particulate Organic Matter (POM) flow in and out of the mangrove vegetation. In this

station, time series observations were made. Nutrient distribution patterns were eventually

correlated to primary and secondary productivity of the bay.

From this study, the following observations were made; ammonium concentrations were

found to increase with ebb flow to a maximum of about 1.3uM. However, it hardly exceeded

0.2uM at high tide, during the rainy season. However, during the dry season, ammonium

concentrations were found low (0.1 uM) at high tide and slightly increased to about 0.3uM at

low tide. In the absence of riverine contribution during dry season, this slight increase of

ammonium concentration was initially attributed to mangrove contribution. In addition, a

localised source (oyster farm at Gazi). These variations were in nutrient levels were not

noticed for nitrate and nitrite (Kazungu et al 1989).

An assessment study of contamination by metals and selected organic compounds in coastal

sediments and waters of Mombasa was undertaken by Kenya Marine and Fisheries Research
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Institute (KMFRI). Water quality assessments were undertaken within the inshore waters of

Port Tudor, Port Kilindini and Port Reitz and at four stations along the northern Mombasa

coastline between Nyali and Mtwapa Creek. Sampling of each individual creek was carried

out under a range of flood and ebb tide conditions. The results of the physico-chemical

parameters indicated that dissolved oxygen, pH and salinity varied significantly between the

principal inshore water systems reflecting differences of residence time and/or freshwater

seawater mixing. It has been shown that, disproportionately low DO values in the Makupa

creek waters reflect the eutrophicating effect of solid waste that leach from the Kibarani

disposal site.

The above study concentrated mainly on the hydrodynamic differences that exist in these

creek systems, and how these differences can be used as indicators of nutrient loading.

Mwangi et aI., (1998) did some work on the status of marine pollution in Mombasa Marine

Park Reserve and Mtwapa Creek. They found that due to the hydrodynamic regime (flushing

time of 30 hrs and of 60% of the lagoon water), spatial and temporal concentration of

nutrients, chlorophyll a and BOD in the lagoon (Marine Park) do not reach eutrophic levels.

However, during the rainy season, the concentrations of nutrients, biologically oxidizable

material, faecal contamination and phytoplankton were high in Nyali and Shanzu surrounding

areas due to hydrodynamic influence from adjacent creeks. Mtwapa creek was found

eutrophied because of point sources of raw sewage discharge, underground seepage and

surface water runoff. Bacterial levels occasionally, reached 1800/1 OOml and l600/l00ml for

faecal coliforms and Escherichia coli respectively. The EEC guide limit for recreational

water is 100/1 OOmi. This is a clear indication of anthropogenic discharge of raw sewage.

Various studies done in Mtwapa and Shirazi creeks show that the two can be differentiated by

their nutrient levels, dominant phytoplankton groups and phytoplankton carbon. However,

Mtwapa shows higher levels than Shirazi. These differences can be associated with

anthropogenic impacts (sewage discharge) that are evident in Mtwapa. However, more

detailed studies are needed to be able to fully understand the effect sewage discharge has on

the functioning of Mtwapa creek system.

This study is mainly influenced by the existing limiting literature on marine pollution effects
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on 'Kenyan coastal waters. From the above studies, what are lacking are correlation studies in

the selected study sites, on the effects of various forms and concentration ratios of Nitrogen

and Phosphorous as principal nutrients of eutrophication. This study will add on to the

existing information on the effects of eutrophication by looking at how it affects plankton in

creek ecosystems. The phytoplankton are the main autotrophs, while the zooplankton are

important links between the primary producers and the higher trophic levels in marine and

fresh water ecosystems (Billiones, 1998)

In studying the eutrophication mechanisms in the coastal zone of the Gulf of Thailand in

1988-1989, the inputs of the Chao Phraya river was selected as one of the studied areas. The

changing of the phytoplankton populations in the estuarine region of the Chao Phraya: river

was observed. The other environmental parameters such as water temperature, salinity,

dissolved oxygen; ammonia, nitrite, nitrate, phosphate and silicate were also studied. The

samples were taken at nine fixed stations within one day sampling, and at one or two stations

for twenty-four hours of every two hours interval. The results clearly indicate that

phytoplankton populations were varied with the sampling times and water quality. The

numbers of the species compositions in the wet season showed less abundant than in the dry

season. The differences were greater at the two-river stations, with low salinity and high

turbidity, than the seaward ones. Among the blue-green algae, i.e. Oscilatoria sp. was

found in almost all stations during the wet season. Some certain species of diatom such as

Bacillaria varians, Rhizosolenia alata were found in all sampling stations in the dry season.

The most common red-tide species in the coastal waters of the Gulf of Thailand, Noctiluca

scintillans were found more frequent in the wet season samples than in the dry season ones.

The daily tidal periods showed strong influences on the phytoplankton abundance and

distribution of the Chao Phraya river estuary. Chaetoceros pseudocurvisetum were found

more than 90% of the total phytoplankton species compositions in the samples taken during

the high tide in August 1989 sampling. In contrary, Rhizosolenia setigera were

absent during the low tide of the same period. The differences in phytoplankton compositions

should have also affected the zooplankton compositions in the various areas and seasons;

however this was not undertaken in the study.
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It· is expected that the three creeks will exhibit different levels in nutrients, chlorophyll

phytoplankton and zooplankton compositions as they are all impacted differently by human

activities.

JUSTIFICATION AND SIGNIFICANCE OF THE RESEARCH

Estuarine creek fronts concentrate organic material and represent interfaces between intertidal

marsh areas and estuaries in most cases. Estuarine creek fronts are regions of enhanced

biological activity and are potentially important zones for trophic linkages between intertidal

producers (e.g. mangroves) and macro-consumers (e.g. larval fish and shrimp).

This study will enable impacts of eutrophication on various trophic levels, especially on

primary and secondary production to be evaluated.

In addition, it will be of interest to both scientists and coastal resource managers in terms of

management of nutrient loading to creeks.

HYPOTHESIS

Increased concentrations and ratios of both nitrogen and phosphorous affect rates of primary

production, phytoplankton and zooplankton compositions.

AIMS AND OBJECTIVES

The aims of this study would be to assess the eutrophication status of these systems and to

determine the effects of nutrient loading on the productivity of these ecosystems.

To achieve these aims the following objectives will be undertaken;

1) To determine the forms and sources of nutrients that enters these systems.

2) To determine the concentrations and ratios of Nitrogen and Phosphorous.

3) To determine the effect of nutrients on primary production, phytoplankton and

zooplankton abundance.

4) To compare the status and extent of eutrophication of the various marine creeks and

propose various environmental management strategies for these ecosystems.
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METHODOLOGY AND MATERIALS.
Sampling strategy

Sampling of both nutrients and plankton (phyto and zooplankton) will be done both during

the low and high spring tides. This is because it has been established that the best time to

assess full riverine effect or anthropogenic effects is at low tide (especially spring low tide).

At high tide (especially spring high tide), the maximum effect of seawater is felt in shallow

coastal systems hence it is the best time to investigate seawater dilution effect on

anthropogenic inputs in coastal lagoons and estuaries.

Hydrographic measurements.

Surface samples will be taken using a bucket, while a niskin bottle will be used to sample at

predetermined depths. A mercury thermometer will be used to measure temperature, while

salinity will be determined using a refractometer. This instrument allows determination of

salinity (Spercentage) on a 0.02 ml sample. An adjustment for temperature is also provided.

Sampling of oxygen will be done using a niskin bottle. Oxygen concentrations will be

determined on small samples (50ml) taken in situ. The winkler method will be used to

determine oxygen concentrations.

The transparency will be determined using a secchi disk, while a pH meter will be used to

determine the pH.

NUTRIENT AND PLANKTON STUDIES

Chemical analysis for nutrient concentrations will be performed using spectrophotometric

techniques. Various forms and concentrations of Nitrogen and Phosphorous will be analysed

as described below;
PHOSPHROUS

Phosphorous exists in many different forms in natural water. In seawater, phosphorous

occurs in solution as orthophosphates. Soluble reactive phosphorous will be determined,

using the method adapted from Murphy and Riley (1962), Menzel and Corwin (1965), and

Strickland and Parsons(1968). The procedure is as follows;
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To a lOOml of a sample, lOml of a mixed reagent (consisting of 100ml ammonium

molybdate, 250ml sulphuric acid solution, IOOml ascorbic acid and 50ml of potassium

antimonly-tartrate) is added while mixing by swirling. The sample is then allowed to stand

for about an hour, then its absorbance is read at 885nm.

NITROGEN

The biological active states of nitrogen in manne systems are nitrate, nitrite and

ammonium. It has been shown that phytoplankton assimilate nitrogenous compounds

preferentially ammonium to other forms of nitrogen.

The method of determining nitrate in marine ecosystems involves the reduction of nitrate

to nitrite by exposing the sample to copper coated cadmium. The method given here is

that of Parsons et aI., (1984), however, with some modifications. Nitrate like ammonium

is rapidly taken up by phytoplankton and therefore samples will be filtered in areas with

abundant phytoplankton compositions. The procedure is as follows;

To a 100mI sample, 2.0ml of ammonium chloride solution is added. The solution is then

mixed gently by swirling and then 5 ml of it is dispensed onto the top of the cadmium

coated glass column. The cadmium coated glass column is prepared by stirring 100g of

cleaned cadmium granules in 500ml solution of 2% copper sulphate until the blue colour

of the solution disappears. A small plug of fine wire is then placed in the bottom of the

glass column and the slurry of the prepared granules is then gently poured into the glass

column. The remainder to the sample is then added onto the column. The first 40-ml of

the sample is collected and discarded, while the next 50ml is collected for further

analysis. All samples undergo the same procedure and their absorbances are read after an

hour at 543nm.

The method for determining nitrite involves the formation of a diazo compound by nitrite

and sulfanilamide in acidic solution and the production of a diazo dye in the presence of

N- (l-naphthyl)-ethylenediamine. The procedure is as follows; to a 50-ml sample, add

1.0ml of sulfanilamide reagent and after mixing by swirling, allow the mixture to stand
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for between 2 and 10 minutes. Add 1.0ml of the naphthyl-ethylenediamine, and gently

swirl. Allow it to stand for about one hour. The absorbances can then be read at 543nm.

Ammonium will be determined using the indophenol method. This method depends on

the measurement of an indophenol colour formed by ammonium in the presence of

sodium nitroprusside after oxidation with hypochlorite and phenol in an alkaline citrate

solution. The procedure is as follows;

50ml of the sample is dispensed into an Erlenmeyer flask and 2 ml of the phenol solution

is then added and mixed by swirling. 2ml of nitroprusside solution is then added,

followed by 5ml of oxidising agent (100ml alkaline solution+25ml hypochlorite solution).

The absorbance is then read after an hour, at 640nm.

Measurements o(primary production

Photosynthesis leads to an increase in the oxygen concentration in the medium and to an

incorporation of inorganic carbon into the cells and a formation of organic carbon in the

cells. The oxygen method will therefore be used to measure the rate of primary

production. Water samples from the surface will be collected from all the stations in the

creeks. From each station, three bottles (50ml) will be filled with seawater and fixed

immediately with manganous sulphate and alkaline potassium iodide to determine the 02

concentration at time zero (t 0). The samples will then be incubated for different periods

(e.g., 30, 60, 120 minutes) in the light incubator (light bottles, LB) and in the dark (DB),

at constant water temperature. Using the winkler method, 02 concentrations are then

measured in all the bottles. The changes in Oxygen concentrations in the light bottles are

due to photosynthesis and respiration, while the changes in oxygen concentrations in the

dark bottles are due to respiration.

From the different oxygen concentration measured, the following will the calculated.

Respiration (R) = to - DB

Net Production (NP) LB-to

Gross Production(BP) = NP+ R= LB-DB
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Spectrophotometric quantification of Chlorophyll will be determined to estimate living

plant matter in the particulate organic matter of seawater. One litre of seawater will be

filtered on a GF/C filter under low suction. The filters will then be put into 10mi of 90%

acetone in a centrifuge tube and placed in a fridge as chlorophyll is unstable in light.

Chlorophyll pigments are then extracted out of phytoplankton cells by the acetone within

an hour period. The basis of quantification is the difference in extinction of light between

the pigments and a blank at 665,645 and 630nm.

Chlorophyll a values will then be estimated following the Parsons-Strickland formulas;

C (ChI a) = 11.6E665 -1.31 E645-0.14 E630

The results obtained from this formula will then be multiplied by a factor f, in order to

obtain the chlorophyll concentrations in mg/m3.

F = all *v where I= length of cuvette (in cm)

a = ml of acetone used for extraction

v= volume of sea water filtered (in a litre)
Phytoplankton standing stocks

Sampling of phytoplankton standing stocks will be taken using a Niskin bottle. Samples

will be taken only from the surface. Division of the samples to sub-samples will then be

done fractionally. The samples will then be preserved with lugol's solution for

microscopical counting and analysis. To obtain high counts, the samples will then be

concentrated. This is done by sedimentation followed by the removal of the supernatant

by suction. The sedimented sample will then be adjusted to 100mi then to 10 ml using

filtered seawater or tap water. A sedgewick rafter slide will then be used for the

microscopic counting. The phytoplankton cells will then be calculated as follows;

N= p * 1000/Nv * cf where N = Concentration of phytoplankton cells in the original

sample (particles/ml)

p= number of particles counted in Nv squares.

Nv = number of squares counted.

Cf = concentration factor
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Zooplankton standing stocks

For the Microzooplankton, a known volume of water (50-2001) will be filtered through a

500r 65 urn net. The concentrate will then be rinsed into a small container, and preserved

in 4 % formaline. Larger volumes of water will be filtered when sampling for

Mesozooplankton organisms, which have a lower in situ abundance. This will be done

with a high- speed sampler, pulled behind a speedboat(e.g., towing a 335 urn Bongo net

in subsurface water at constant speed). The volume of water sampled is then measured by

means of a flow meter, attached in the mouth of the net. The readout of the meter will be

noted before and after the tow. Samples of mesozooplankton organisms will then be

placed in 4 % formalin.

The opening area of the plankton net will then be calculated, to determine the water

volume that passed through the net. The water volume will be calculated as follows:

Indicated number ofrevolutions* O.3*net opening area (m2)*1000 = water volume (1).

For laboratory analysis purposes, the samples will be divided for manageabIlity and for

countslbiomass determination. Their wet weight will be determined by displacement

volume in a graduated cylinder. The entire sample will then be identified and counted by

sorting qualitatively, then by sub-sampling. This is done by bringing the entire sample to

a known volume (e.g., 250ml), then subsampling 10% (i.e. 25ml) and quantifying the

categories.

The number of zooplankton counted in the subsample is then back calculated to numbers

in the whole sample, then in situ abundance calculated. The microzooplankton will be

determined as the total volume scooped and filtered into the net. While, the

mesozooplankton will be determined as the volume in cubic metres = Area of mouth of

net * 0.3 * number of flowmeter revolutions. The in situ abundance of zooplankton will

be quantified as the number of individuals per cubic metre of water.
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DATA ANALYSIS

Microsoft-Excel program will be useful in correlating relationships between nutrient and

plankton dynamics. The Shannon-weaver diversity indices will be used to analyse both

phytoplankton and zooplankton compositions. In addition, the Two Way Indicator Species

Analysis (TWINSPAN) will also be used to correlate concentrations of nutrients to both

phytoplankton and zooplankton species compositions.

WORK PLAN

MONTH

9/2000

10/2000

11/2000

12/2000

2/2001

2/2001-3/2001

4/2001

5/2001-6/2001-

ACTIVITIES

Literature search

Proposal writing/defence

Proposal defence

Field work

Data analysis

Write up

Circulation of thesis

Thesis binding & Submission.
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BUDGET:

-

5,500

9,100

22,000

I COST ( KSHS)

500 gms

25gms

10 gms

500 gms 3,90{)

-500gms 4,50{)

2.5 litres

Glacial acetic acid
Ascorbic acid 2 litres 2,500

Ammonium chloride

N-( 1- napthyl)

ethylenediamine

Sodium ~ochlorite

Su!E,huric acid

Sodium nitr~usside

Su!£.hanilamide
CHEMICALS (all anaqsi!l 100gms 4,000

~c~a:d~m~i:u:m~:r:anu:l~es~;=~~I~O~O~g~ms'--_=====j=::::::::::::::::::::=::::=4~'=o5~00~f-Ammoniwn molrbdate 500 gms 4,000

Sodiwn citrate 500 gms 2,500,

Potassiwn nitrate 100 gms 1,200I

I

I~EXP~E~N:D~A~BL~E:S~=~jl~Q~U~A~N~T~IT~Y~====t======~_~TEMS 3,500

I

!
i

~drochloride

Potassium antimonly
500gms 2,000

3,500

500 gms

Iodine

Man...8.anous chlonde

I ta!!:rt:a:rte=======~~5~00~g:mS --====j========~3~'1~0~5P!!eno! 2,000
,-

1,200

2,500
Potassium iodide

Ethano1/acetone
I

lSodium ~droxide

2.5 litres

1000 gms
1 1

3,000

2,360
-l
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Bongo net & Phytoplankton
one UONBI

net

Cooler boxes, sample
3@8000 24,000

containers (for nutrient,

phytoplankton and

zooplankton collections).

Rubber gloves
I pair 300

Lab coat
one 2,500

Plastic stoppered containers
150 bottles(50 ml bottles) 5,000

(for sample collection)

Glass stoppered BOD
20 bottles 2,500

bottles.

Erlenmeyer flasks
4flasks of250 ml@600 2,400

Glass burettes
3@500 1,500

Volumetric flasks
5OOml, 1000ml 2,000

Plastic pails
10 litres (4)@150 600

Mercury thermometer
2@150 300

Self adhesive labels
10 packetes@60 600

Beakers
100ml, 500ml,1 OOOml 1,500

Spatula
5 1,000

Niskin bottle
1 500

Pipettes
50ml, 100ml, 10ml@500shs 1,500

pH meter
KMFRI

D.O Meter
KMFRI

Spectrophotometer
UONBI

Microscope
UONBI

Safety glasses
One pair 500
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GEARS

ITEMS QUANTITY COST (KSHS)

Hiring of boats for sampling
@5000 per month 30,000

PUBLICAnON

Photocopying / printing
5,500

paper

Foolscap paper
7 reams 3,500

field notebooks
4 200

Diskettes ( 3.5")
4 packets 4,000

Reprints / CD - ROM
8,000

Typesetting
3,000

Loose Binding
2,000

Hard Binding
1,000

Camera
1 20,000

Films
12 2,400

Transparencies
1 ream 2,500

Slide processing - 500-

C PERSONAL EXPENSES

MISCELLENOUS
@5% OF allocated research 20,000
money

20



GRAND TOTAL

21

235,665
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