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ABSTRACT 
	
Lake Victoria (LV), is the largest tropical fresh water lake. It is however facing a myriad 
of challenges like eutrophication, introducing species, mass extinction and climate change. 
Eutrophication has mostly been seen as a result of non-point pollution from upstream 
agricultural areas. However, studies have found that atmospheric deposition could perhaps 
be the greatest cause of nutrient loading in the lake. Our study looked at black carbon as 
one of the factors favoring eutrophication in LV. Black carbon is a product of incomplete 
combustion of biomass or fossil fuel. Biomass burning is prevalent in many areas of Africa 
and our results have shown a great spatial and temporal variability in its concentration in 
sediments. The sedimentation rates calculated after analyzing 210Pb activity were 0.87, 0.53 
and 0.35 g cm-2 yr-1 while the average black carbon concentrations were 4.6, 2.1 and 6.9 
mg g-1 for Siaya, Kisumu and Busia, respectively. These results provided valuable 
information when compared to past historical events in the Lake region especially 
eutrophication. The study also found that soot BC has been increasing in the past 100 years 
suggesting the input from fossil fuels. This study elucidates the complexity of drivers of 
eutrophication in Lake Victoria. Nitrogen and Phosphorous from the upstream agricultural 
sites has long been seen as the main cause of eutrophication. Through this study we find 
that soot deposition in the lake coincides with the period of increased primary productivity. 
The Total Organic Carbon and Total Nitrogen were also analyzed and have shown 
increased remarkable increase with time. All these geochemical variables are a testament 
to the increased role of human activities on the lake’s productivity. While other studies on 
soot in marine environments have associated bacterial growth to nutrients attached to soot 
black carbon. We correlate the concentration of soot in Lake Victoria basin to blooming of 
cyanobacteria. 
 
 
 

Key Words: Lake Victoria, Eutrophication, Biomass burning, Black Carbon,  
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CHAPTER 1 

1. INTRODUCTION 
 

1.1. General description Lake Victoria 
 
Lake Victoria resulted from river reversal and back ponding that was caused by uplift of 
the East African Rift Valley, ca 400 000 years ago (Johnson et al. 2000). Kenya, Uganda, 
Tanzania, Rwanda and Burundi form part of the riparian nations within the 194 200 km2 
basin (Collins 2009). The lake is not part of the rift valley system and is shallow resulting 
in the floor bed receiving high organic carbon input compared to other large lakes in the 
world (Scholz et al. 1998). The Lake Victoria Basin (LVB)  has a biannual rainfall pattern 
influenced by its location within the pathway of the Intertropical Convergence Zone 
(ITCZ) which crosses twice every year in April-May and October-November (Odada & 
Olago 2002; Danley et al. 2012). The lake has undergone numerous ecological changes 
(Fig 2) since the beginning of the twentieth century (Collins 2009). In particular 
eutrophication has increased (R. Hecky 1993) and there has been decimation of hundreds 
of cichlids due to the introduction of Nile Perch (Kishe-Machumu et al. 2013) The 
fluctuation in phytoplankton was suggested as the rational outcome of high nutrient loading 
from the catchment (Hecky et al. 1994; Scheren et al. 2000). Inadequate monitoring 
provides a challenge for understanding the role of human activities on LVB (Verschuren 
et al. 2002a). Due to the absence of long term historical data on LV, paleo-limnological 
assessment using different geochemical proxies are important since most of the changes 
due to anthropogenic or natural causes are preserved in sediments (Stager et al. 2009). This 
information is useful in reconstruction of anthropogenic and natural events and correlating 
it to the current eutrophication levels. Lake Victoria has been found to be sensitive to 
changes in climate and holds continuous records of ecosystem changes in sediments 
extending back to millions of years (Johnson, Kelts, and Odada 2000). 
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Figure	1	:Location	map	showing	the	sampling	stations	(in	black	stars)	
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1.2. Eutrophication in Lake Victoria 
 
Lake Victoria is the largest tropical fresh water lake in the world and holds a rich ecological 
diversity (Awange et al. 2008). The lake is also of great human and cultural significance 
with its catchment supporting millions of lives in many countries. For instance, together 
with Lakes Tanganyika and Malawi, Lake Victoria holds about 10% of global fresh water 
fish stocks (Hecky et al. 2006). 
 

Figure	2:	Main	environmental	events	and	human	population	growth	in	LVB. 
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The LVB has been described as one of the most densely populated and impoverished areas 
in the world (Guerena et al. 2015). The fundamental and obvious environmental challenges 
have been attributed to siltation, sedimentation, toxic pollutants and eutrophication (UNEP 
2004). Eutrophication has significantly impacted the economic and ecological functions 
(Stager et al. 2009). Over the past five decades there has been remarkable changes in its 
biological, chemical and physical quality. For instance inorganic nutrients (Andama et al. 
2012) and algal biomass (Hecky, 1993) have increased  while silica and transparency have 
decreased (Verschuren et al. 1998). These variations have been attributed to increased  
anthropogenic activities, climate change and the introduction of non native species 
(Cornelissen et al. 2014). Furthermore, increased nutrient loading and rising temperatures 
have led to a rise in the primary productivity and eutrophication evident by the dominance 
of water hyacinth influencing the ecological function (Guerena et al. 2015). The 
construction of the railroad from Mombasa to Kampala through Kisumu opened up the 
LVB to human pressures and environmental pressure. Export of cotton and fisheries were 
further enhanced through connections to Nairobi and Mombasa (Hecky et al. 2010).  Due 
to its huge size, the lake receives large amounts of atmospheric deposition of chemicals 
and other particles from within and also far off the basin (Arinaitwe et al. 2016).  There is 
a large spatial and temporal climatic difference which controls the hydrology of the lake 
(Nicholson 1996), and also influences wet and dry nutrient deposition (Tamatamah et al. 
2005). Tamatamah et al., 2005 , estimated that about 55% of total phosphorus is as a result 
of atmospheric deposition. Since phosphorous is always the limiting nutrient in aquatic 
systems, a small change in input is likely to cause lead to eutrophication.  
 
Since the early 1990s, the main evidence of eutrophication has been the invasive water 
hyacinth. The plant has multiplied near the shore and coastal areas of the lake prohibiting 
any economic or social activities (Guerena et al. 2015). It’s however evident that 
eutrophication has happened in the past in LV but its overall extent are larger Stager et al. 
(2009) used diatoms as an evidence of past causes of eutrophication by showing that from 
the early 1940s to late 1980s the Nyanza gulf (Kenya) and Ugandan coast have always 
been infested with diatoms. Likewise, paleo-limnological studies done by Verschuren et 
al. (1998) show that diatom production LV started around 1930s while the transition into 
Si-limited diatoms growth started between 1986 and 1988. This is in agreement to evidence 
collected from the Kenyan coast of Lake Victoria by Hecky (1993) indicating that 
vegetation changes from combustion and deforestation affected N and P input into the lake 
from as early as 1920s. During these early years eutrophication could have been due to 
land clearing (for agriculture) and soil erosion. Natural effects such as wind patterns could 
also have controlled the mixing configurations and deposition of nutrients (Tamatamah et 
al. 2005). 
 
 
 

1.3. Biomass Burning  
 
Since the discovery of fire, humans have been causing wild grass fires all over the world 
as a management tool to control pests, diseases and to open up areas for new pastures. 
(Jacobs and Scholeder 2002) . In Africa many forests and grasslands have been transformed 
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into agricultural lands. This has lead to opening up the top soil for erosion into aquatic 
systems (Mugidde et al. 2003; Tamatamah et al. 2005). In a study by Hecky et al. (2003), 
it was found that nutrient loading into rivers and lakes is dependent on agricultural activity 
within the catchment areas. Loading into aquatic systems deprives the agricultural land in 
terms of nutrients and results in additional land management activities such as fertilizers 
and cultivation/burning on areas with favorable fertility. In addition, biomass burning has 
been found to be the main source of mercury in LV and its bioaccumulation in fish is a 
major human health challenge (Campbell et al. 2003). Africa has the highest rate of 
biomass burning in the world especially in the savannah and grassland areas (Hao and Liu 
1994). It is not only used for agricultural management but also household cooking. When 
biomass burns a lot of particulate material are released into the atmosphere including trace 
gases and aerosols (Hao & Liu, 1994; Andreae & Merlet, 2001). It is the largest contributor 
of small carbonaceous material (fine ash and volatile elements) to the troposphere and this 
has a major effect on the climate (Akagi et al. 2011). These carbonaceous material travel 
for thousands of miles and can be later deposited to the pedosphere and hydrosphere, where 
they influence biological and chemical processes. Measurements of phosphorous in LVB 
has shown a correlation between its deposition and biomass burning (Hao & Liu, 1994; 
Tamatamah et al. 2005). The measurements were carried out (in Jinja) during rainy and dry 
seasons which coincide with tilling and planting in the fields. Fig. 3 below shows the 
deposition of BC (charcoal) in Lake Naivasha (Kenya) over a 2000 year period. During 
high water levels (rainy season) the accumulation of soot is higher as both erosion and wet 
atmospheric deposition helps its loading in the lake. This work by Colombaroli et al.(2014) 
is a testament to the role that biomass burning plays in accumulation of nutrients in aquatic 
environments. 
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1.4. Black Carbon 
 
The early work done on black carbon (BC) was published in Goldberg’s book, Black 
carbon in the Environment (Goldberg 1985) whose definition of BC in the atmosphere was 
guided by its chemical, physical and biological properties. These properties are varied and 
depend on the type of organic matter which in turn affects the resistance and stability of 
BC (Biqing Liang et al. 2008). Different terms used for BC are elemental carbon (Hammes 
et al. 2007), pyrogenic carbon (Güereña et al. 2015) or soot (Ö. ̈ Gustafsson et al. 2001). 
BC can be defined as a product (e.g soot) or residue (e.g. charcoal) resulting from 
incomplete combustion of carbonaceous material such as biomass and fossil fuels 
(Gustafsson et al. 2001; Andreae & Gelencsér 2006; Hammes et al. 2008; Santín et al. 
2015). BC is formed by condensation and aggregation of small aromatic moieties in the 
gaseous state during combustion at elevated temperatures (Lohmann et al. 2009). The 
production of BC from biomass contributes to the transfer of carbon (C) from the active 
cycle into the passive C pool that is mostly found in sediments (Boot et al. 2015). Soil 
dynamics controlling the availability of C affects the persistence and distribution of BC. 
This C from organic matter is more stable and is resistant to many chemical and biological 
activity. Because of its role in biogeochemical cycles, previous studies have focused on 
quantification of BC. The structure, surface chemistry and size of BC determines its 
reactions to other elements and compounds. The affinity of elements to attach to BC is due 
to large surface area and the carboxylic and hydroxyl (fig. 4). 

Figure	3:	A	reconstruction	of	Lake	Naivasha	water	levels	and	input	of	charcoal	from	biomass	burning	
in	the	last	1100	years.	(adapted	from	Colombaroli	et	al.	(2014)	
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Biomass and fossil fuel burning accounts for a large percentage of BC in ice, atmosphere, 
soils and sediments (Bond et al. 2013). However, natural wild fires also produce BC within 
a continuum from soot to char deposits (Forbes et al. 2006; Nicholls 2015). BC is an 
important paleo-environmental proxy which can be used in understanding different 
environmental media and there relationships (Zhang et al. 2015). For example, charcoal 
from biomass has been used as a good indicator of human activities and also reconstructing 
the past climate (Nelson et al. 2012). The interaction between climate, vegetation and fire 
can be accurately studied through BC. Its integrated role in the environment plays an 
important role in climate science, agriculture, anthropology and many other fields. About 
80% of products produced during combustion are deposited in close proximity to 
production source and BC remains buried for thousands of years or transported to other 
areas (Forbes, Raison, and Skjemstad 2006). 
 
There is large number of published references on past BC fluxes and concentrations from 
different environmental matrices across Europe, N. America and Asia which have helped 
in providing chronological changes in BC deposition (Ruppel et al. 2015). However little 
information is available regarding the distribution and concentrations of BC in Africa. Both 
coal and biomass fuels account for 60-80% of BC emissions in Africa and Asia while 
vehicle diesel engines contribute 70% of the emissions in Europe, North and Latin America 
(Bond et al. 2013). In a study done at the Swiss Alps it was found that the presence of dust 
and anthropogenic BC from the Sahara led to a lowered mean annual albedo by 0.04-0.06 
between 1914 -2014 (Gabbi et al. 2015). Similarly, BC in the Nordic countries of Denmark, 
Finland, Norway and Sweden was found to add to the radiative forcing of as much as 0.04 
± 0.22 W/m2 (Hienola et al. 2016). Despite the exponential rise in atmospheric BC and its 
solar radiative effects, Malits et al. (2015) found that rising BC levels can have unexpected 
effects on marine life by stimulating seawater productivity and CO2 production through its 
effect on microorganisms especially bacteria. 
 
The separation of BC and eventual quantification in the different environmental matrixes 
has been a challenge due to the lack of standardized definition, identification and analytical 
procedures. Even though BC content in sediments may show the presence of fire activity, 
its important to note that soil dynamics and activities such as leaching, translocation and 
degradation can influence its accumulation (Lehndorff et al. 2015). Additionally, the 
presence of fossil graphite BC can significantly overestimate the presence of combustion-
derived (biomass and fossil fuel) BC (Dickens et al. 2004). The most comprehensive inter-
laboratory comparison of the different methods to quantify BC was carried out by Hammes 
et al. (2007). Evidently the choice of analytical method depends upon many factors such 
as environmental matrix, resources and the type of BC source.  
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1.5. Aims of the study 
 
The aim of this study was to quantify the amount of BC, Total Organic Carbon(TOC) and 
Total Nitrogen (TN) in order to determine its distribution both temporally and spatially 
along LVB. After quantification, correlation of these geochemical variables will be 
correlated to the primary productivity and eutrophication in Lake Victoria. The specific 
questions in this study are: 1) Does concentrations of BC, TOC and TN differ spatially and 
temporally in LVB and 2) Is there a relationship between BC and eutrophication in LVB 
indicating causality?  
 
The study will provide a novel insight into additional causes of eutrophication which has 
often been attributed to nitrogen and phosphorus inputs from anthropogenic activities in 
the catchment. Our study will assess the different geochemical variables from different 
areas within the LVB and analyze sediments from the deepest part of the lake. This will be 
the first study to analyze BC both temporally ad spatially in the LVB and therefore its 
novelty in further providing additional comprehensive policy from different areas within 
the Lake Basin and also analyze sediments from the deepest part of the lake. The 
accumulation rates of soot black carbon in the basin will then be compared to past 
eutrophication levels and trend. This will be the first study to analyze black carbon both 
temporally and spatially in the Lake Victoria Basin and therefore its novelty in further 
providing additional comprehensive policy guidelines on reducing eutrophication in Lake 
Victoria. 
 
 
 

 
	
	

Figure	4:	The	surface	structure	of	black	carbon	particle	
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CHAPTER 2 
 

2. MATERIALS AND METHODS 
 

2.1. Site Description 
 
Also known as Kavirondo , Nyanza, the Winam Gulf (fig 1) is a large arm that is located 
in the north east corner of Lake Victoria and is amongst the largest bays in the Lake (Sitoki, 
Kurmayer, and Rott 2012). It is about 100 km eastwards and 50 km southwards with a 
550 km shoreline (UNEP 2004). Due to its irregular shape, there has been variations in its 
hydrodynamic such as dispersion and sedimentation (Sitoki, Kurmayer, and Rott 2012). 
For instance the western part of the gulf was found to have high dispersion and strong 
connectivity with main basin while the eastern part had lower horizontal dispersion, strong 
sediment loading and high turbidity which prevents phytoplankton growth even during 
high nutrient loading (Okely, Imberger, and Antenucci 2010; Sitoki, Kurmayer, and Rott 
2012). The hydrology is characterized by four main rivers i.e. Sondu-Miriu, Kisat, Kibos 
and Nyando. The waste water from the catchment and other domestic pollutants flow into 
the lake via these rivers. Due to drainage of polluted water the pollution of the rivers 
flowing into the gulf, there has been extensive water quality issues such as fish deaths and 
cyanobacteria blooms. 
The study was carried out at 7 sites (table 1) namely KP1A (Kapsabet), DK2 (Kisumu), 
OK2 (Kisumu), KK2 (Siaya), SPK2 (Busia), HK2 (Homa bay) and LV-95 (Lake Victoria 
at 65 m depth). Homa bay and Kisumu are urban centers while Siaya and Busia are both 
rural. Sampling was done using a motorized corer (Atlas Copco Pro) with a 50 mm liner 
and depth of 100 cm. The sediments were frozen at -18º C before analysis. Samples were 
sliced at 1 cm interval and freeze dried (-55° C). 
 
 
	Table	1:	Geographical	positions	of	the	sampling	sites 

 

Research Area Site Code                          Coordinates 
 
Longitude                                 Latitude 

Kisumu DK2 0° 7'59.94"S 
 

34°44'57.24"E 

 OK 0° 8'29.04"S 
 

34°36'9.30"E 

Homa bay HK2 0°31'37.32"S 
 

34°26'37.56"E 

Siaya KK2 0° 4'7.50"N 
 

34° 7'43.98"E 

Busia SPK2 0°10'32.74"N 
 

34° 0'23.80"E 

Kapsabet 
 
Lake Victoria 

KP1A 
 
LV 2P-95 

0° 2'34.85"N 
 
00°27.70”S                                  

35° 4'50.42"E 
 
33°21.10’E 
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2.2. Dating  
 
Our study focused on the last 200 years, therefore lead (210Pb) dating was preferred and 
carried out at University of Wisconsin, Milwaukee. The procedure involved; a 0.5 g of 
each sample spiked with 1 ml of Polonium (209Po) as an internal standard. The sample was 
digested using 50 ml 6N HCl at 95º C for a total of 4 hours. To oxidize the organic matter 
in the samples, 1 ml of 30% hydrogen peroxide and a drop of octanol was added in the first 
four 30 mins interval of the digestion. After 4 hours the samples were left to sit overnight 
and later filtered using Whatman filter circles (Quantitative Ashless grade 42) into 125 ml 
Erlenmeyer flasks. The flasks were heated to evaporate the solution to about 5 ml and then 
brought up again to 50 ml using E-pure water while maintaining the pH between 0.5-1.0 
through addition of HCl or sodium hydroxide (NaOH). Thereafter, 0.1g of ascorbic acid 
was added to each sample to prevent interference of iron during plating of the radio-
nuclide. Polished copper discs were labelled and placed into a plastic bottle and each 
sample heated at 95ºC in an oven overnight. The copper discs were then removed from the 
solution and counted using an alpha spectrometer for 60.000 seconds under vacuum. 210Po 
is a daughter of 210Pb and is assumed to be in secular equilibrium with its parent nuclide in 
each sample. The calculations of 210Pb are therefore the activity of 210Po found in each 
sample (MacKenzie et al. 2011)  
 
 

2.3. Determination of sedimentation rates 
 
In order to calculate the sedimentation rates, the mass depth is calculated using the 
porosity from each sediment layer. The porosity for each of the 1 cm section of the core 
was determined using the following equation: 
 

∅ = 𝑓𝑤 ÷ (𝑓𝑤 + (1 − 𝑓𝑤)𝜌𝑤/𝜌𝑠 
 
where 𝑓𝑤	is the fraction of water in the wet sediment (=1-dry wt/wet wt), 𝜌𝑤 is the 
density of water in the sediment pores (assumed to be 1 g cm-3) and 𝜌𝑠 is the density of 
dry sediment (assumed to be 2.5 g cm-3).  
 
The mass depth (M in g cm-2) for the sediment cores were calculated using the following 
equation: 
 

𝑀 = ( 1 − 𝜙𝑖 	× 𝜌𝑠×𝛿𝑥) 

                                                            i 
where 𝜙𝑖 is the porosity of the ‘i’th section and the 𝛿𝑥 is the thickness of each section. 
 

2.4. Quantification of Sedimentary Carbon and Nitrogen 
 
The samples for Total Organic Carbon (TOC) and Total Nitrogen (TN) were gathered from 
the freeze dried sediments and decarbonated using 32% HCl for 6 hours. C and N 
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concentrations were analyzed using a Perkin Elmer Elemental analyzer (EA 2400). Carbon 
accumulation for each interval was calculated as follows: 
 

𝐶𝐴 = 𝑅	×	%𝐶	×𝑚𝑎𝑠𝑠 ÷ 𝑆𝐼 
 
where C was the carbon accumulation in g/cm2/year, R was the vertical accretion rate in 
cm/year, mass was the mass for each interval in g/cm2 and SI was the sample interval in 
cm. The mean accumulation rate was determined in all the cores.  
 
The same method was followed to calculate N and BC accumulation rates in the sediments. 

2.5. Determination of soot BC using Chemo-Thermal Oxidation method 
 
A more direct method of separating the OC and BC fraction in sediments involves 
Chemical-Thermal Oxidation (CTO) where it’s assumed that all the OC that is not oxidized 
is BC fraction (Gustafsson et al., 1997). The CTO-375 is an integrated method that has 
been widely used since the mid 1990s and has been extensively described by many 
researchers. The method involves four main steps as shown in fig 5 below.  
 
 

2.5.1. Removal of Organic Carbon 
 
Samples were freeze-dried at -55 0C and lightly ground to ensure homogeneity during 
analysis. Approximately 50 mg of samples were weighed into clean pre-combusted 
porcelain crucibles and covered with aluminum foil and placed inside a muffle furnace 
(Nabertherm B150). The furnace has a manual valve for air control. The samples were 
combusted at 375 ºC for 24 hours in presence of excess air.  
 

2.5.2. Removal of Inorganic Carbon 
 
After cooling down the combusted material, about 30 mg of samples were weighed in pre-
combusted crucibles and approximately 70 µL of deionized water was added to each 
crucible. This will ensure that the acid fumes react with water to create an acid solution 
that dissolves the carbonates. The samples were placed in a desiccator containing 50ml 
hydrochloric acid (HCl) in a beaker. A 36% HCl was used as it readily volatizes and reacts 
with carbonates (Brodie et al. 2011). The fumigation method was first compared with acid 
washing and carbon and nitrogen contents tested. It was found that fumigation was 
effective and less time consuming compared to acid washing. The samples were left in the 
desiccator for 6 hours after which  the samples were dried in an oven at 60 ºC.  
 

2.5.3. Analytical procedure 
 
Carbon and Nitrogen compositions were determined using a PE 2400 CHN elemental 
analyzer (Perkin Elmer Corp., Norwalk, CT). In stabilizing the instrument a series (>2) of 
blanks were run without oxygen. The instrument is declared stable when the CHN values 
are within a desired range compared to the previous calibration run. For instance, in our 
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case we used N values whose difference should not be greater than 6 in comparison to 
previous K-factor. For calibration, acetanilide (C8H9NO) was accurately weighed (1.5-2.5 
mg) using an electrical microbalance (Mettler Toledo XP56). Once the instrument was 
stable several blanks (~3-6) were performed in the presence of air. Acetanilide (< 3mg) 
was then weighed in a tin capsule (5 x 8 pre-cleaned, Perkin Elmer) and run with blanks 
alternatively in the presence of air. This series of acetanilide was used for measuring the 
new K-Factor that employed in the analysis. After the two blanks and acetanilide runs, 
quality control was performed using Baltic Sediment. After every 10 sample runs, 
additional acetanilide and SRM standards are introduced.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Soil	Sediment	
Freeze	drying	at	-550C	

Light	grinding	using	a	mortar	and	
pestle	

Thermal	Combustion	
Combustion	at	375o	C	in	air	for	24	

hours	

Chemical	treatment	
Fumigation	with	12M	HCl	for	8	hours	

Drying	at	60o	C	for	6	hours	
	

Analytical	quantification	
CHN	analysis	using	Elemental	

Analyzer	
	

Q
uantification	of	O

rganic	
Carbon	

Step	1	

Step	3	

Step	4	

Step	2	

Figure	5:	The	main	steps	involved	in	quantification	of	soot	BC 
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2.6. Validation and Quality Control  
 
The application of CTO-375 method for BC analysis was verified using reference materials 
that have been previously employed in various studies (SRM 1944 and 2975). The SRM 
1944 is a marine sediment collected in the vicinity of New York and New Jersey (NIST 
2011). It is mainly used in the evaluation of polycyclic aromatic hydrocarbons (PAH), 
polychlorinated biphenyl (PCB) and other trace elements in marine sediments. Similar to 
SRM 1944, the SRM 2975 from an industrial diesel powered forklift is used in the analysis 
of PAHs, PCBs and trace elements. These two materials were analyzed as received from 
NIST, Gaithersburg, MD.  
 
The removal of inorganic carbon in the standards was performed as described above (fig 
5) using the same conditions as those in the samples. The OC and BC results obtained were 
found to be within the range of other previous results (Table 2). The extraction efficiency 
of 95.5% and 102.8% was obtained for SRM 1944 and SRM 2975 respectively. The Baltic 
Sediment, Jetrock and Acetanilide were used as internal standards. The results of the three 
internal standards were all within the range when compared to the certified values.  
 
 
Table	2:	Comparison	of	TOC	and	soot	BC	in	different	standards	

 
 
	

	
	
	
	
	

Material                                 Property                                        Reference 
 Total Organic Carbon Black Carbon  
SRM 2975 0.86 ± 0.022 

(n=4) 
0.87± 0.003 

0.70 ± 0.025 
(n=4) 
0.68 ± 0.009 

This study 
 
Gustafsson et al., 2001 

 
SRM 1944 

 
0.04 ± 0.003 
(n=4) 
0.04 ± 0.003 
0.04 ± 0.014 
 
 

 
0.006 ± 0.005 
(n=4) 
NA 
0.007 ± 0.002 

 
This study 
 
NIST, 1999 
Gustafsson et al., 2001 
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CHAPTER 3 

3. RESULTS 
 

3.1. Chronology  
	

 

Homabay	 Siaya	Kisumu	

Busia	Kapsabet	 Kisumu2	

Figure	6:	Depth	distribution	of	210Pb	in	sediments.	Age	calculation	was	based	on	excess	210Pb	
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The 210Pb activities were relatively low in Kisumu and Homa bay and but increased in 
Kapsabet and Siaya. Between depths 9 and 12 cm, there was exponential decrease of 210Pb 
activity for Busia, Kisumu1 and Siaya which correspond to 1987, 1985 and 1990, 
respectively. Homa bay had an irregular 210Pb activity whereas Kisumu and Kapsabet had 
constant fluctuation. The high irregularity of Homabay could have been due to bioturbation 
or mixing during farming. Moreover, the site was very close to the lake shore hence high 
and frequent sedimentation leading to the irregular 210Pb activity. The sedimentations rates 
were calculated using a linear regression equation, and the 210Pb based ages beyond 30 cm 
were extrapolated after determining the mass depth. The sedimentation rates from Siaya, 
Kisumu and Busia are 0.87, 0.53 and 0.35 g/cm2/yr respectively. 
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3.2. Validity	of	BC	quantification		

 
The quantification of TOC helps in determining if charring or other forms of interference 
occurs during the removal of OC through combustion. This is shown by plotting a graph 
of BC vs. TOC as shown in Fig 7 above. Our plot using similar variables showed low 
correlation coefficient between BC and TOC in Kisumu (r2=0.11), Busia (r2=0.49) and 

Figure	7:	Linear	correlation	between	BC	and	TOC	in	sediments.	The	solid	line	shows	the	regression	line	of	the	data	points	correlating	
to	the	equation	
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Siaya (r2=0.67) had a higher positive correlation. The LV core had low correlation 
coefficient (r2=0.11). The low r2 values implies a different source of BC apart from 
biomass combustion and fossil fuel or graphite inputs. A positive correlation between BC 
and TOC indicates the addition of labile organic matter with BC. Gelinas et al. (2001) 
found a high covariation ( r2= 0.66) following thermal oxidation of sediments from Buffalo 
river but the covariation decreased significantly (r2=0.02) with demineralization and OM 
removal.  
 
 
 
 

Fig 8 above shows the difference in the concentration of BC and TOC in the sites. Both 
Siaya (KK2) and Kapsabet (KP1A) were found to have the highest levels of both TOC and 
soot while Busia had the lowest concentrations. 
 
 
 
 
 
 
 

Figure	8:	BC	and	TOC	concentration	(%)	for	each	site.	The	top	line	of	each	bar	indicates	the	highest	measured	value,	the	bottom	
lone	being	the	lowest	measured	value	and	middle	line	is	the	average.	
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3.3. Concentrations of TOC, TN and BC in sediments 
 
 
 
TOC ranged from 13.6 to 24.9, 27.0 to 78.3, 12.0 to 31.7, 9.8 to 210, 26.0 to 37.0 and 162 
to 384 mg/g dw for Homabay (HK2), Kisumu 1 (DK2), Kisumu 2 (OK), Busia (SPK2) and 
Kapsabet (KP1A) as summarized in Table 3. Sediments from Homabay and Kisumu (1&2) 
had relatively similar average TOC (24.9, 27.0 and 21.2 mg/g dw, respectively). Kapsabet 
and Siaya had the highest average TOC values of 308 and 62.4 mg/g dw. Site KP1A is a 
peat at higher elevation in the LVB whereas site KK2 is located at low elevations in the 
Yala swamp which is the largest fresh water wetland in Kenya. 
 
The BC concentrations showed significant spatial difference. Siaya had the highest BC 
concentrations ranging from 1.0-6.9 mg/g dw or 5.43-24.49 % TOC whereas Busia had the 
lowest BC concentration (0.25 – 2.85 mg/g dw or 3.83-21.11 % TOC). Kapsabet had BC 
concentrations of between 6.4-23 mg/g dw or 2.61-9.76 % TOC. Kisumu had relatively 
high levels of BC (2.3-4.61 mg/g dw). 
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Table	3:	Summary	concentrations	of	soot	BC,	TOC,	TN	and	TOC:TN	in	sediments	

	

	
 
 

 
Site 

 
soot BC 

(mg/g dw) 
TOC 

(mg/g dw) BC/TOC 
TN 

(mg/g dw) C:N 

	
Kisumu	
(n=41)	 	 	 	 	 	

Average	 	 4.6	 21.2	 21.3	 1.37	 15.88	
Min	 	 2.3	 12.0	 11.28	 0.8	 12.14	
Max	 	 10.7	 31.7	 38.12	 2.5	 21.17	
SD	 	 ±	1.1	 ±2.8	 ±3.2	 ±0.4	 ±2.2	

 
Busia	
(n=38)	 	     

Average	 	 2.1	 13.26	 18.02	 1.1	 13.07	
Min	 	 0.5	 2.6	 8.24	 0.2	 9.72	
Max	 	 4.3	 37	 31.85	 3.1	 15.75	
SD	 	 ±0.5 ±0.3 ±3.2 ±0.1 ±1.8 

 
Siaya	
(n=37)	 	     

Average	 	 6.94	 62.4	 13.88	 4.75	 12.72	
Min	 	 1	 9.8	 5.43	 1	 5.68	
Max	 	 24	 210	 24.49	 	 19.99	
SD	 	 ±1.0	 ±4.4	 ±1.9	 ±0.2	 ±1.6	

	
Kisumu	2	
(n=37)	 	 	 	 	 	

Average	 	 4.8	 27.0	 19.7	 2.07	 12.64	
Min	 	 1.3	 13.1	 7.78	 1.10	 10.17	
Max	 	 11.7	 78.3	 45.90	 4.50	 17.40	
SD	 	 ±0.7	 ±3.8	 ±2.5	 ±0.9	 ±1.1	

	
Homabay	
(n=42)	 	 	 	 	 	

Average	 	 7.8	 24.91	 32.06	 1.85	 13.67	
Min	 	 2.8	 13.6	 14.72	 1	 11.20	
Max	 	 15.6	 33.3	 66.38	 2.5	 17.91	
SD	 	 ±1.9	 ±4.2	 ±3.9	 ±0.6	 ±2.2	

	
Kapsabet	
(n=17)	 	 	 	 	 	

Average	 	 13.75	 308	 4.59	 15.19	 20.19	
Min	 	 6.4	 162	 2.61	 10.6	 15.37	
Max	 	 23	 384	 9.76	 17.1	 26.06	

SD	 	 ±2.4	 7.8	 2.0	 3.1	 4.2	
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3.4. Mass Accumulation Rates 
 

3.4.1. Total Organic Carbon 
 
Due to the low sedimentation rate and the inconclusive 210Pb dating in some core and 
extending ages to beyond five half lives. We decided to restrict our analysis and report of 
TOC, BC and TN from three sites (Kisumu, Busia and Siaya) which has better 
sedimentation rates. There was a slow, but steady increase in TOC mass accumulation rate 
(MAR) from late 1880 to about 1918 (9.96-14.02 g/cm2/yr) in Kisumu. The lowest levels 
of TOC MAR were recorded in 1964 (6.3 g/cm2/yr) while the highest value occured in 
2014 (16.7 g/cm2/yr, Fig. 9). Siaya had the highest TOC MAR (Table 3). Having reached 
the highest levels in 1996 (182 g/cm2/yr) there was a steady decline to 89.4 g/cm2/yr in 
2011. 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

Figure	9	:	TOC	mass	accumulation	rates	(g/cm2/yr)	for	Kisumu,	Busia	and	Siaya. 
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3.4.2. Total Nitrogen 
 
The TN MAR showed a similar trend like TOC indicating an exponential increase within 
the last 100 years in all the sites. Just like TOC, site KK2 had the highest average 
accumulation rates on nitrogen ranging between 0.87- 15.8 g/cm2/yr. The increase in N 
especially in the top layer (nearly 10 fold difference between bottom and top sediments) 
indicates inputs that could be a result of various anthropogenic activities. The similarity 
with the 210Pb activity (Fig 5) could also imply that nitrogen introduced was as a result of 
atmospheric deposition. There was a relatively constant accumulation of N in OK between 
1879 to 1899 (0.69 g/cm2/yr), and thereafter it increased reaching 0.79 g/cm2/yr in 1917. 
The lowest level was recorded in 1964 (0.42 g/cm2/yr) after which the level increased until 
the maximum of 1.32 g/cm2/yr in 2014. SPK2 had an exponential increase from the bottom 
to the top of the core even though the accumulation of N was lowest compared to the other 
two sites. The highest level in SPK2 was 1.08 g/cm2/yr in 2011 as shown in Fig 9. 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

Figure	10:	TN	accumulation	for	Kisumu,	Busia	and	Siaya	
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3.4.3. Black Carbon accumulation 
 
Fig. 11 shows the BC flux in the three sites. All the sites showed an increase of BC flux 
from the bottom of the core to the top. Site OK had an increase in BC between years 1880 
and 1915 (1.2- 4.0 g/cm2/yr). Thereafter the BC flux decreased between 1915 and 1969 
followed by a steady increase (up to 5 fold) by 2014. Siaya had the highest BC 
accumulation in sediments whereas Busia had the lowest. The BC accumulation in Siaya 
was mostly constant until 1844 after which it fluctuated (1844-1959) and then a steady 
linear increase until the highest value of 182.87 g/cm2/yr in 1996.  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure	11:BC	distribution	in	Kisumu,	Busia	and	Siaya	
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3.4.4. TOC:TN ratios 
 
The TOC/TN in the three sites varied substantially from 12.1 to 21.2 in Kisumu, 9.7 to 15.8 
in Busia and 5.7 to 20 in Busia (Table 3, Fig 12). In Kisumu the TOC:TN increased until 
65cm (12.7 to 21) before slightly decreasing down core. In both Busia and Siaya the 
decrease starts at 36 and 30 cm respectively.  
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure	12:	TOC:	TN	ratio	for	Kisumu,	Busia	and	Siaya	
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3.4.5. Deep Lake Sediments 
 
 
The concentration of TOC, BC and TN ranged between 17.5% to 21.3%, 1.9% to 6.2% and 
16.4% to 17.6% respectively.  The TOC showed a slight decrease from 46 to 1 cm while 
the TON:TN ratio remained mostly constant (16.4 to 17.6).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure	13:	The	concentration	of	TOC,	TN	and	BC	in	sediments	from	the	Lake	Victoria	Core	(	LV95-2P).	The	chronology	was	done	by	
Verschuren	et	al.	(2002)	on	a	core	from	the	deepest	part	of	the	lake	(V96-5MC) 
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CHAPTER 4 
 

4. DISCUSSION 
 

4.1. Sedimentation stratigraphy 
 
Kisumu, Busia and Siaya represent the immediate lowland catchment area in LVB. Other 
studies from different areas in LV catchment show similar or lower sedimentation rates, 
for instance Lake Naivasha (Kenya) which is at the highest elevation (1889 m) in the East 
African Rift Valley has a low sedimentation rate of 0.01 g/cm2/yr (Stoof-Leichsenring et 
al. 2011) whereas two tropical alpine lakes (Bajuku and Mahoma) in Mt Ruwenzori, 
Uganda have mean sedimentation rates of 50 and 7.9 mg/cm2/yr, respectively (Arinaitwe 
et al. 2016).  Deep lakes show lower sedimentation rates especially in large water bodies . 
The average accumulation rates in Lakes Malawi and Superior were 75 and 15 mg/cm2/yr, 
respectively. Lake Superior which is the largest lake in the world has a relatively much 
lower sedimentation rates similar to Lake Victoria. Arinaitwe et al., (2016) also found 
lower sedimentation rates of 5 and 21mg/cm2/yr around the coast of Lake Victoria whereas 
Verschuren et al., (2002) reported 32 mg/cm2/yr in the deepest part of the lake. This shows 
that the lower part of LVB (around the shore)  has a considerably higher sedimentation rate 
and retains most nutrients before entering the lake. 
 
 

4.2. TOC, TN and TOC:TN  
 
High TOC values in sediments might indicate significant anthropogenic activities due to 
its proximity to urban areas. A study by Kang et al. (2009) on the the coastal areas of the 
East China Sea found that high TOC in sediments close to urban areas were influenced by 
high human activities. However, our results show that the peats can also have very high 
TOC which might be as a result of decomposition of organic matter. Kisumu is an urban 
area with high population density compared to the other sites such as Siaya, and Busia 
which are in rural areas. In their analysis of terrestrial pyrogenic carbon (PyC) in River 
Yala and Nzoia, Güereña et al. (2015) found average PyC concentrations of 0.51% w/w 
(123% TOC) and 0.33% w/w (62.7% TOC) respectively. There analysis was done on water 
samples entering the LVB which accounted for the low values of BC they observed 
compared to our results. 
 
TOC:TN ratio is an important environmental variable in the estimation of both terrestrial 
and aquatic ecosystems and their rations can be used as paleo-environmental biomarkers 
in lake productivity ( Das et al. 2008; Avramidis et al. 2015). Atomic C:N values higher 
than 20 signify vascular plants while lower ratios indicate aquatic organic matter input 
(Routh et al. 2004). The highest C:N value for Kisumu was 21 which appears in sediments 
from 1909 and this could represent increased agricultural activity just after the arrival of 
the East African Railway (Fig 2). Wooded plant debris were observed in some lower 
sections of the core, which indicates deforestation near the lake. The low C:N value (~5) 
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observed in the top layer corresponds to year 2011 at site KK2 which indicates algal input 
from the lake. This low TOC:TN could be associated with increase N content as a result of 
humus or high mineralization rate in sediments that would lead to carbon loss and 
enrichment of N to the organic matter (Gichuki et al 2005). 
 

4.3. Historical Changes in the Catchment 
 
The relatively high BC concentrations in sediments from Siaya can be attributed to the 
reclamation activities that have occured in the Yala wetland since 1965 (Owiyo, Kiprono, 
and Sutter 2014) and thus led to lots of anthropogenic activities including motorized 
machineries, clearing of wetlands and burning. Kisumu had relatively high levels of BC 
(2.3-4.61 mg/g dw) which could be due to its close proximity to the urban center and 
clearing of adjacent wetlands such as Dunga, Koguta and Kusa for urban development and 
agriculture. Owino & Ryan (2007) found that the papyrus swamps in Kisumu were 
deliberately  cleared since 1969 with up to 50% habitat loss. At higher elevations 
(Kapsabet), our results were similar to those of Thanh et al. (2009) who did a study on PyC 
occurence at this area. They found BC contents ranging from 1-11 mg/g dw accounting for 
10-29% of TOC (using NMR analysis). The fluctuations of BC in different  layers could 
be as a result of erosion or leaching and accumulation of BC in certain soil profiles. 
Biological and chemical factors such as decomposition from microorganisms, root activity 
and chemical oxidation can also act on certain degradable areas in BC (Middleburg et al. 
1999; Hamer et al. 2004) thereby aiding in translocation and transportation of BC across 
the soil profile. 
 
The high TOC and BC observed in Siaya could be as a result of back ponding due to the 
reclamation of the wetland by the Dominion farms. This American firm has leased most of 
the wetland and is carrying out agriculture in the swamp. The construction of dykes and 
diversion of water has led to flooding and this could have resulted in algal growth.  
Furthermore, wetlands in Kenya  have always been seen as wastelands and many projects 
initiated by the government through Lake Basin Development Authority have been geared 
towards reclamation (Owino and Ryan 2007). The infestation of water hyacinth 
(Eichhornia crassipes) and the low market price for fish catch since the late 1980s led to a 
decline in fisheries which in turn refocused the main subsistence activities in the region to 
farming and papyrus harvesting all of which involve burning the habitat.  
 
Even though BC in sediments are a proof of biomass burning there is enough evidence that 
the recent accumulation rates of BC in sediments have coincided with the industrial age 
especially the emergence of fossil fuels (O. Gustafsson and Gschwend 1998). In all the 
three sites we see exponential increase of BC between late 19th and early 20th century. For 
instance, the levels of BC accumulation in Kisumu doubled between 1909 and 1915 before 
reducing. Within the last decade (2000-2010) the BC accumulation has been at the highest 
levels and shows an increasing trend. Despite the contribution of fossil fuel, combustion of 
biomass contributes to the BC flux in sediments is still very important especially in 
savannah and grassland areas of Africa. Notably, BC accumulation pattern coincides with 
high productivity and eutrophication in the lake indicating a possible causality. The main 
source of nitrogen and phosphorous that stimulates eutrophication is still not very clear. 
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Weathering of apatite-rich carbonites has been discussed as an important source of P over 
the years especially within the Ugandan coast. Apart from fossil fuels and biomass burning, 
BC can also be derived from weathering of graphite. We have however found no supporting 
information for presence of graphite-rich rocks within the LVB catchment. Therefore, its 
correct to assume that both biomass burning and fossil fuel are the main sources for BC in 
LVB. 
 
 

4.4. Eutrophication  
 
A comprehensive study by Liang et al. (2006) has been done to show the relationship 
between BC and nutrient retention and its importance in biogeochemical processes. In their 
study, they found that biomass derived BC increases the cation exchange capacity (CEC). 
BC has a high affinity for anions and cations on its surfaces and increases the adsorption 
capacity of nutrients. Pietikäinen et al. (2000) postulated that BC has the capability to 
adsorb organic compounds which may form new habitat for microorganisms and thereby 
helping in decomposition of compounds. It has already been suggested by Verschuren et 
al. (2002b) that cyanobacteria bloomed and dominated the lake in the 1980s due to reduced 
levels of dissolved silica as a result of increase in diatoms and decomposition. The 
availability of favorable BC surfaces for microbes might be another explanation for the 
increase in cyanobacteria population in Lake Victoria. Our results from all the sites show 
an exponential increase of BC fluxes from early 1980s until present and this coincides with 
the increased cyanobacteria growth and eutrophication. Malits et al. (2015) found that BC 
encourages bacterial production in two ways, first by reducing the impact of virus predation 
or lysis on bacteria while providing carbon and secondly by serving as a site for adsorption 
of organic matter. The cyanobacteria blooms have also been found to cause enormous fish 
kills in Lake Victoria due to the production of microcystins (Okello et al. 2010) ). 
Additionally the two dominant nitrogen fixing bacteria (Anabaena and 
Cylindrospermopsis) which are toxic accounts for 70% of the total nitrogen loading in the 
lake (Mugidde et al. (2003). The effect of these bacteria is not only ecological but social 
and economic. The domination of cyanobacteria is also due to their competitive advantage 
as a result of the generally low N:P ratios which greatly favors their growth. Lake Victoria 
has one of the lowest TN:TP ratios among the large water bodies in the world and this is 
evident in the increased eutrophic level (Guildford and Hecky 2000). 
 
Even though the role of BC as a nutrient source in Lakes has not been widely studied, our 
study shows the correlation between BC, TOC, TN and eutrophication in LVB. The BC 
flux in the catchment have shown spatial and temporal difference which can be attributed 
to specific events occurring in certain areas. For instance, Kisumu being an urban area has 
an input from both biomass and fossil fuels. The city grew both in terms of population and 
industrial activities from the early 1900s when the first East African Railway station was 
set up. Many wetlands such as Kusa, Koguta and Dunga were being cleared to pave way 
for the escalating population and infrastructure. Likewise, Siaya which has the largest fresh 
water wetland in Kenya (Yala) has undergone extensive reclamation. Clearing of the 
wetland could be the reason for the high BC flux compared to other sites. Thus, we see a 
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clear positive correlation between historical BC deposition in sediments and increased 
human activities and urbanization.  
 
Eutrophication in Lake Victoria has been evident since the early 1900s because of dense 
cyanobacteria blooms. Paleo-records from different monitoring and ongoing research have 
been varied in their classification of the lakes nutrient status. Within the last 100 years, the 
lake has either been classified as eutrophic, oligotrophic or mesotrophic. This has however 
been based on different sites within the lake which show different productivity levels. Our 
analyses show that there is a spatial variability in TOC, TN and BC deposition. The size of 
the lake may also account for non-uniform mixing creating local differences in their 
distribution. Despite all the evidence of eutrophication in the lake it is not clear which is 
the most important factor that correlates BC, eutrophication and TN we can assume that 
BC also leads to nutrient loading in the lake. The stable nature of BC allows its 
accumulation in sediments over time providing increased surface area for adsorption of 
nutrients. We therefore infer that BC is one of the drivers of nutrients in the LVB and more 
studies should be carried out on its chemistry and properties. Stager et al., 2009, 
investigated phenanthrene in a Kenyan core and found increasing levels from 1970s. 
Phenanthrene is a pyrogenic PAH and a product of low temperature biomass combustion 
.The findings from Stager et al., 2009  is consistent with BC concentrations and fluxes in 
all our sites. This is a clear signal of the influence of anthropogenic activities within the 
basin showing atmospheric deposition as an important pathway to nutrients. Apart from 
the atmospheric deposition of BC in the lake, erosion can also cause those that are deposited 
in the site of combustion to enter the lake. Lehman, 1998 hypothesized that eutrophication 
in LVB is due to increase in land clearing, population and cattle increase and high nutrient 
income in the lake especially from phosphate. Land clearing involves slash burning which 
opens up the soil making it prone to erosion. Tamatamah et al., 2005 points out that despite 
the uncertainty of the source of atmospheric phosphorus fluxes in lake Victoria, the causes 
of high P input are possibly soil particulates, dust and fires which are caused by increased 
deforestratioin and biomass burning. They found high levels of P during the dry season 
coinciding with the burning and clearing of croplands and grassland fires.  
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CHAPTER 5 
 

CONCLUSION 
 
Our study shows that biomass burning contributes to the BC flux in Lake Victoria and this 
in turn could drive eutrophication. This is the first study of BC in the lake and its catchment 
has provided further insight. The stability of BC can help us in reconstructing past fires 
and at the same time the post industrial age trends. The interdisciplinary role of BC makes 
it a very crucial component in environmental research. In particular, there is still little 
knowledge on its surface characteristics and its reactions with other elements. This is 
important because its high affinity for nutrients and organic compounds could rive 
pollution and nutrient loading into the lake. The most direct relationship between BC and 
eutrophication is its role in promoting cyanobacterial growth in LV. Further study on 
cyanobacteria growth and BC would provide new knowledge and thereby appropriate plans 
that needs to be implemented.  
 
It is important to note that BC is also important in carbon sequestration hence opening up 
a conflict of interests. The role of BC as a sink of CO2 is advantageous to the environment 
whereas its effect on eutrophication is also substantial. This two conflicting roles can pose 
a challenge to environmentalists and therefore a more interdisciplinary approach is 
necessary. Most households in Africa use biomass for cooking and as a result a lot of effort 
has been put in sustainable management of forests with projects such as agroforestry, 
energy saving cook stoves and alternative energy sources. All these are geared towards the 
need to save forests but at the same time it goes a long way in reducing BC in water bodies. 
 
RECOMMENDATION FOR FUTURE STUDY  
 
Based on the results we recommend further research on lines of: 
 

1. Radiocarbon measurements of BC to determine their sources. 
2. Relationship between PAH, BC and TOC in sediments. 
3. Relationship between cyanobacteria and black carbon and analysis of surface 

characteristics of BC 
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APPENDIX 
 

Core Depth 
(cm) 

Kisumu 
OK BC 

mg/g dw 
(OK2) 

TOC TOC 
mg/g 

BC/TOC (%) TON (%) TON 
(mg/g dw) 

C:N 

2 1.07 10.7 3.17 31.7 33.75 0.25 2.5 12.68 

4 0.95 9.5 2.67 26.7 35.58 0.22 2.2 12.14 

6 0.88 8.8 2.97 29.7 29.63 0.23 2.3 12.91 
8 0.53 5.3 2.7 27 19.63 0.22 2.2 12.27 

10 0.43 4.3 2.42 24.2 17.77 0.19 1.9 12.74 
12 0.36 3.6 2.21 22.1 16.29 0.17 1.7 13.00 
14 0.7 7 2.11 21.1 33.18 0.16 1.6 13.19 
16 0.3 3 2.1 21 14.29 0.16 1.6 13.13 
18 0.5 5 1.95 19.5 25.64 0.14 1.4 13.93 
20 0.44 4.4 2.05 20.5 21.46 0.13 1.3 15.77 
22 0.37 3.7 2.12 21.2 17.45 0.14 1.4 15.14 
24 0.3 3 1.82 18.2 16.48 0.13 1.3 14.00 
26 0.23 2.3 1.84 18.4 12.50 0.13 1.3 14.15 
28 0.36 3.6 1.66 16.6 21.69 0.11 1.1 15.09 

30 0.29 2.9 1.65 16.5 17.58 0.11 1.1 15.00 
32 0.28 2.8 1.65 16.5 16.97 0.12 1.2 13.75 
34 0.32 3.2 2.18 21.8 14.68 0.13 1.3 16.77 
36 0.28 2.8 1.2 12 23.33 0.08 0.8 15.00 
38 0.33 3.3 1.44 14.4 22.92 0.1 1 14.40 
40 0.29 2.9 1.74 17.4 16.67 0.11 1.1 15.82 
42 0.42 4.2 2.01 20.1 20.90 0.12 1.2 16.75 
44 0.28 2.8 2.02 20.2 13.86 0.12 1.2 16.83 
46 0.25 2.5 1.6 16 15.63 0.1 1 16.00 
48 0.35 3.5 2.38 23.8 14.71 0.12 1.2 19.83 
50 0.23 2.3 2.04 20.4 11.27 0.13 1.3 15.69 
53 0.63 6.3 2.08 20.8 30.29 0.14 1.4 14.86 
56 0.65 6.5 2.66 26.6 24.44 0.15 1.5 17.73 
59 0.76 7.6 2.17 21.7 35.02 0.13 1.3 16.69 
62 0.85 8.5 2.23 22.3 38.12 0.13 1.3 17.15 
65 0.52 5.2 2.54 25.4 20.47 0.12 1.2 21.17 
68 0.49 4.9 2.32 23.2 21.12 0.12 1.2 19.33 
71 0.58 5.8 2.6 26 22.31 0.13 1.3 20.00 
74 0.37 3.7 2.44 24.4 15.16 0.13 1.3 18.77 
77 0.46 4.6 2.12 21.2 21.70 0.11 1.1 19.27 
81 0.53 5.3 2.14 21.4 24.77 0.11 1.1 19.45 

83 0.49 4.9 2.25 22.5 21.78 0.13 1.3 17.31 
86 0.42 4.2 2.05 20.5 20.49 0.12 1.2 17.08 
89 0.54 5.4 1.98 19.8 27.27 0.12 1.2 16.50 
92 0.36 3.6 1.93 19.3 18.65 0.12 1.2 16.08 



	 39	

95 0.27 2.7 1.82 18.2 14.84 0.11 1.1 16.55 
98 0.23 2.3 1.89 18.9 12.17 0.11 1.1 17.18 

Average  4.61  21.2 21.28 0.14 1.37 15.88 
Max  10.7  31.7 38.12 0.25 2.50 21.17 
Min  2.3  12 11.27 0.08 0.80 12.14 

         

Busia 
(SPK2) 

        

Core 
Depth(cm) 

BC(%) BC(mg/g dw) TOC(%) TOC(
mg/g 
dw) 

BC/TOC TON TON (mg/g 
dw) 

C:N 

2 0.3 3 3.63 36.3 8.26 0.31 3.1 11.71 
4 0.37 3.7 3.7 37 10.00 0.3 3.0 12.33 

6 0.42 4.2 3.64 36.4 11.54 0.3 3.0 12.13 
8 0.37 3.7 3.13 31.3 11.82 0.29 2.9 10.79 

10 0.24 2.4 2.43 24.3 9.88 0.25 2.5 9.72 
14 0.2 2 1.84 18.4 10.87 0.15 1.5 12.27 
16 0.31 3.1 1.8 18 17.22 0.15 1.5 12.00 
18 0.17 1.7 1.74 17.4 9.77 0.14 1.4 12.43 
20 0.19 1.9 1.69 16.9 11.24 0.13 1.3 13.00 
22 0.14 1.4 1.7 17 8.24 0.12 1.2 14.17 
24 0.17 1.7 1.61 16.1 10.56 0.12 1.2 13.42 
26 0.15 1.5 1.49 14.9 10.07 0.11 1.1 13.55 
28 0.2 2 1.47 14.7 13.61 0.11 1.1 13.36 
30 0.14 1.4 1.42 14.2 9.86 0.1 1 14.20 
32 0.43 4.3 1.35 13.5 31.85 0.09 0.9 15.00 
34 0.34 3.4 1.33 13.3 25.56 0.09 0.9 14.78 
36 0.28 2.8 1.26 12.6 22.22 0.08 0.8 15.75 
38 0.34 3.4 1.2 12 28.33 0.08 0.8 15.00 
40 0.25 2.5 1.19 11.9 21.01 0.08 0.8 14.88 
42 0.22 2.2 1.2 12 18.33 0.09 0.9 13.33 
44 0.31 3.1 1.09 10.9 28.44 0.08 0.8 13.63 
46 0.3 3 1.02 10.2 29.41 0.07 0.7 14.57 
48 0.3 3 1.09 10.9 27.52 0.08 0.8 13.63 
50 0.26 2.6 1 10 26.00 0.07 0.7 14.29 
53 0.11 1.1 0.78 7.8 14.10 0.06 0.6 13.00 
56 0.2 2 0.75 7.5 26.67 0.06 0.6 12.50 
62 0.12 1.2 0.67 6.7 17.91 0.05 0.5 13.40 
68 0.18 1.8 0.61 6.1 29.51 0.05 0.5 12.20 
71 0.16 1.6 0.63 6.3 25.40 0.05 0.5 12.60 
74 0.1 1 0.49 4.9 20.41 0.04 0.4 12.25 
77 0.11 1.1 0.6 6 18.33 0.04 0.4 15.00 
81 0.09 0.9 0.52 5.2 17.31 0.05 0.5 10.40 
83 0.07 0.7 0.49 4.9 14.29 0.05 0.5 9.80 
86 0.05 0.5 0.32 3.2 15.63 0.03 0.3 10.67 
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89 0.06 0.6 0.39 3.9 15.38 0.03 0.3 13.00 
92 0.08 0.8 0.55 5.5 14.55 0.04 0.4 13.75 
95 0.07 0.7 0.26 2.6 26.92 0.02 0.2 13.00 
98 0.05 0.5 0.3 3 16.67 0.02 0.2 15.00 

Average  2.07  13.26 18.02  1.05 13.07 
Min  0.5  2.6 8.24  0.2 9.72 
Max  4.3  37 31.85  3.1 15.75 

         
 
Siaya (KK2) 

   
 
 
 

     

Core 
Depth(cm) 

BC(%) BC (mg/g dw) TOC(%) TOC 
(mg/g 
dw) 

BC/TOC TON(%) TON (mg/g 
dw) 

C:N 

12 2.4 24 10.28 102.8 23.35 1.81 18.1 5.68 
14 1.98 19.8 18.56 185.6 10.67 1.61 16.1 11.53 
16 1.56 15.6 15.64 156.4 9.97 1.54 15.4 10.16 
18 1.37 13.7 21.02 210.2 6.52 1.35 13.5 15.57 
20 1.37 13.7 18.95 189.5 7.23 1.24 12.4 15.28 
22 1.36 13.6 17.66 176.6 7.70 1 10 17.66 
24 1.33 13.3 13.79 137.9 9.64 0.8 8 17.24 
26 0.94 9.4 10.72 107.2 8.77 0.7 7 15.31 
28 0.82 8.2 10.22 102.2 8.02 0.71 7.1 14.39 
30 0.88 8.8 13.79 137.9 6.38 0.69 6.9 19.99 
32 1.36 13.6 9.29 92.9 14.64 0.64 6.4 14.52 
34 0.86 8.6 8.56 85.6 10.05 0.5 5 17.12 
36 0.99 9.9 6.31 63.1 15.69 0.45 4.5 14.02 
38 0.57 5.7 4.82 48.2 11.83 0.36 3.6 13.39 
40 0.49 4.9 4.2 42 11.67 0.33 3.3 12.73 
42 1.19 11.9 6.47 64.7 18.39 0.44 4.4 14.70 
44 0.81 8.1 3.5 35 23.14 0.28 2.8 12.50 
46 0.49 4.9 2.42 24.2 20.25 0.19 1.9 12.74 
48 1.11 11.1 6.05 60.5 18.35 0.41 4.1 14.76 
50 0.21 2.1 2.66 26.6 7.89 0.18 1.8 14.78 
53 0.23 2.3 1.9 19 12.11 0.15 1.5 12.67 
56 0.42 4.2 2.27 22.7 18.50 0.16 1.6 14.19 
59 0.35 3.5 1.43 14.3 24.48 0.13 1.3 11.00 
61 0.28 2.8 2.27 22.7 12.33 0.13 1.3 17.46 
62 0.23 2.3 1.06 10.6 21.70 0.12 1.2 8.83 
65 0.23 2.3 1 10 23.00 0.11 1.1 9.09 
68 0.24 2.4 0.98 9.8 24.49 0.1 1 9.80 
71 0.18 1.8 1.05 10.5 17.14 0.11 1.1 9.55 
74 0.19 1.9 1.05 10.5 18.10 0.12 1.2 8.75 
77 0.2 2 1 10 20.00 0.11 1.1 9.09 
82 0.1 1 1.57 15.7 6.37 0.11 1.1 14.27 
83 0.24 2.4 1.1 11 21.82 0.12 1.2 9.17 
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86 0.21 2.1 1.09 10.9 19.27 0.12 1.2 9.08 
89 0.1 1 1.57 15.7 6.37 0.15 1.5 10.47 
92 0.12 1.2 2.11 21.1 5.69 0.19 1.9 11.11 
95 0.15 1.5 2.3 23 6.52 0.21 2.1 10.95 
98 0.12 1.2 2.21 22.1 5.43 0.2 2 11.05 

Average 0.69 6.94 6.24 62.40 13.88 0.47 4.75 12.72 
Min 0.1 1 0.98 9.8 5.43 0.1 1 5.68 
Max 2.4 24 21.02 210.2 24.49 1.81 18.1 19.99 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


