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Abstract 

Lake Victoria is the largest lake by area in Africa as well as the source of River Nile. The 

lake has undergone environmental changes during the last four decades, particularly rise in its 

trophic condition and decline in oxygen level, which affects the water quality and fish 

population. Carbon (C), nitrogen (N) and phosphorus (P) are three vital elements required for 

algal growth that affect eutrophication in lakes. The aim of the study is to examine the P 

concentrations in sediment cores retrieved from the catchment around Lake Victoria, and 

compare this with data on N and C concentrations from the same sediment cores. The results 

show that there is a difference in P levels between the urban versus rural sites. Moreover, 

concentrations for P, N and C are generally high in younger sediments (near surface 

samples), meaning that nutrients have most likely been added due to anthropogenic activities 

in the catchment. In addition, factors like erosion and weathering are also likely to have 

contributed to nutrient inputs, and thereby the eutrophic status in Lake Victoria. 
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1. Introduction  

1.1 General description of Lake Victoria  

Lake Victoria (LV) is situated between 3°S–0°30′N latitude and 31°40′E–34°50 E longitudes, 

at an altitude of 1,134 m above sea level and a surface area of 68,000 km2, making it the 

second largest fresh water lake in the world, as well as the greatest tropical lake (Juma, 

2014). The lake is shared between Kenya (6 %), Tanzania (45 %) and Uganda (49 %) (Juma, 

2014), and is the largest lake by area in Africa as well as the source of River Nile (Thomas et 

al., 2000). On the Kenyan side of the basin, there are six main rivers discharging into the lake 

(Cheruiyot & Muhandiki, 2015). The LV catchment basin has an area of 195 000 km2 and 

includes parts of Burundi and Rwanda (Juma, 2014). The lake is heavily influenced by the 

activities of the dense human population around the catchment (Juma, 2014). The riparian 

states in the LV basin are dependent on the socioeconomic opportunities provided by the lake 

for agricultural, domestic and industrial purposes (Juma, 2014). For the East African 

countries, it is also a provider of a large quantity of fish for export to Australia, USA, Israel 

and European Union countries (Juma, 2014). LV has a hydroelectric power plant supplying 

Kenya and Uganda with electricity (Juma, 2014; Kabenge, 2015). Furthermore, since the lake 

is shared between three countries it also acts as an avenue for transport. The scenic beauty, 

diverse wildlife around the area and sport fishing are making LV an increasingly popular 

tourist destination. According to Juma (2014), LV is the aquatic equivalent of a rich, diverse 

and unique ecosystem similar to a tropical rain forest. 

During the last four decades, LV has undergone enormous environmental change. Notable 

changes in the chemical, physical and biological regime in LV has been registered, when 

compared to the conditions both before and during the 1960s. When looking at the reduction 

in Secchi transparencies over time, it is obvious that there has been an increase in turbidity. 

The waters in the lake have indicated nutrient enrichment as well e.g., an increase of nitrogen 

(N) concentration. It was also found that N was not as prominent in the offshore waters as it 

was in the inshore waters. Increases in total phosphorous (TP) concentrations have also been 

registered in LV (Gikuma-Njuru et al., 2013). 

Anoxia has become more common in the water column, with almost half of the lake floor 

experiencing prolonged anoxic periods, compared to the 1960’s when anoxia was only 

sporadic and localized (Thomas et al. 2000). The algal concentrations have also increased 

(Thomas et al., 2000; Juma, 2014); in 2000 they were three to five times higher than in the 
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1960s (Thomas et al., 2000). The phytoplankton community is predominated by 

cyanobacteria, indicating a clear seasonal successions of blue-green algae (Cyanobacteria), 

green algae, diatom and several other taxa, (Juma, 2014). Increased nutrient (mainly TP) 

loading from atmospheric deposition and surface run-off are hypothesized behind the changes 

noted in the lake’s phytoplankton community originating from increased human population 

as well as associated land use for agriculture (Gikuma-Njuru et al., 2013). Besides 

eutrophication, the lake also faces challenges associated with deterioration of water quality, 

overfishing as well as the predatory Nile perch that was introduced into the lake over 50 years 

ago (Stager et al, 2009). The Nile perch has virtually decimated the original cichlid 

population is the lake (van Zwieten et al., 2016).  

The high increase in economic development and population in the LV basin have led to land 

use changes, with more natural resources being used in agriculture, urbanization and 

industrialization. This is more than the ecosystem can sustain, which impacts the enviornment 

negatively (Juma, 2014). The land use activities mentioned have played a large part in the 

contribution to the degradation of the lake waters (Juma, 2014). 

1.2 Eutrophication 

Nie et al. (2016) discussed the effects of nutrients on eutrophication in fresh water. There are 

three vital elements required for algal growth that heavily affects eutrophication in lakes; 

carbon (C), nitrogen (N) and phosphorus (P). C and N has a significant impact on 

eutrophication in lakes through being a nutrient for algal blooms (Nie et al., 2016), while P is 

essential to all living organisms (Reddy and DeLaune, 2008). According to Reddy and 

DeLaune (2008), P is discharged from adjacent uplands through land use and is introduced to 

wetlands, as well as other aquatic systems, where it tends to accumulate. Reddy and DeLaune 

(2008) explain that when P increases in a system it can cause N limitation, and lead to 

eutrophication and ecosystem stress. Due to the fact that P does not have a significant 

gaseous loss mechanism, P accumulates in sediments and surface soil. Zhang et al. (2012) 

indicated that eutrophication is generated by both natural and human activities in the 

catchment. They indicate multiple instances of increasingly severe eutrophication problem 

freshwater lakes globally. The authors also indicated the importance of studies regarding the 

environmental side effects of nutrients like P in freshwater sources. 

Yu et al. (2016) indicated that when there is an elemental anomaly it is in general caused by 

either disruption in the natural geographical distribution or human activities. Common 
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anthropogenic activities that disrupt the elemental cycling are associated with land-use 

change, agricultural output and the use of fossil fuels. Thus, increased external inputs of 

nutrients as well as accelerated nutrient cycling connected with change in the soil and water 

column attributes contribute towards eutrophication. Likewise, a city dominated by a non-

agricultural population that has a widespread distribution of commercial and industrial 

regions is viewed as a characteristic high-intensity disturbance landscape. In this kind of 

environment, some point sources that cause the discharge of pollutants are municipal 

household garbage as well as wastewater deposits in soil and intensive distribution of 

commercial and industrial regions.  

1.2.1 Phosphorus 

P is essential to all living organisms. Under natural conditions, P most commonly is released 

into the environment through weathering of minerals (Reddy and DeLaune, 2008). P is 

involved in both marine as well as in terrestrial biogeochemical cycles. Its importance lies in 

the fact that P is a limiting nutrient (Retallack, 2004). Hence, P is a key component in most 

fertilizers, and is crucial for the high agricultural output to sustain our food supplies (Wang et 

al. 2013). 

Due to P being a major limiting nutrient in aquatic systems there has been an increasing 

number of studies about the effects of P. P is transported from uplands through subsurface or 

surface flow (Reddy et al., 1999). In particular, wetlands function as an important interface 

between uplands and aquatic ecosystems and store a lot of the P that is transported from 

uplands to nearby/distant water bodies. P is added into wetlands through drainage systems 

used in agricultural areas, like ditches, and P transported into aquatic ecosystems through 

weathering and erosion. Measuring both inorganic phosphorus (IP) and organic phosphorus 

(OP) makes it possible to understand the transport as well as transformations of P in wetlands 

(Reddy and DeLaune, 2008). The P in wetlands and streams usually exist in both inorganic 

and organic forms, although the proportion depends on soil, vegetation and the drainage basin 

(Reddy et al., 1999). OP usually must be transformed to inorganic forms before it can be 

considered bioavailable (Reddy and DeLaune, 2008).  

Phosphorous is added by weathering of P-rich minerals like apatite (Retallack, 2004), which 

then contributes towards eutrophication (Wang et al., 2013; Ruban et al., 1998) in estuaries, 

lakes and other water bodies because it sustains primary productivity (Wang et al., 2013). 

While P can be added from external sources mainly through erosion, it can also be released 
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into the water column from internal recycling in bottom sediments (Reddy and DeLaune, 

2008). According to Søndergaard et al. (2003), when the bottom of a lake is anoxic (usually 

during late summer and winter), chemical processes at the sediment/water interface will 

release P from sediments to affect the water quality. This phenomenon is called internal 

loading because P is derived from within the lake, more specifically from the bottom 

sediments. This will prevent the water quality from improving. Once the lake mixes again, 

the P that was released will be used as nutrient, and it will enhance algal growth.  

Reddy and DeLaune (2008) explain that during the industrial and green revolution, fertilizers 

were used as a solution to the growing demand to produce more food due to the increased 

population. This led to a higher input of P in the nature together with the conversion of 

wetlands to agricultural and urban habitats, which affected the ability to store P. The effect of 

these factors led to P enrichment of many water bodies such as lakes and rivers. Other than 

fertilizers, non-hazardous wastes like animal manures and biosolids also contribute to the 

release of P, and historically these were all used in crops and pastures.  

1.2.2 Nitrogen 

Nitrogen (N), according to Reddy and DeLaune (2008) is the most abundant gas in the 

atmosphere (3 900 x 106 Tg), as well as exists inseveral other spheres of the earth. N in the 

lithosphere translates to 1012 g. N is also stored in the hydrosphere, 23 x 106 Tg and the 

biosphere, 0.28 x 106 Tg. Due to the N cycle the amount of N is constantly transported 

between different layers of the earth, keeping a balance. In ecosystems N is present as a 

complex mixture of both organic and inorganic N compounds. The reactions involving N 

within the biosphere are key regulators of ecosystem functions and productivity. Organic N 

can be found both in dissolved and bound to particles, while inorganic N, e.g., ammonium N, 

nitrite N and nitrate N exist in solely in dissolved forms.  

Nitrogen is used in fertilizers and, if used carelessly, there is a risk for it leaching out of the 

soil into water, causing rapid algal growth, which in turn can create an anoxic condition 

(Reddy and DeLaune, 2008). According to Heathwaite (1993), input of N is commonly 

associated with urban activity, often due to the fact that nutrients usually are not removed 

from domestic and industrial wastes. The calculated nitrogen output from human waste has 

been estimated to be 10.8 g per person every day and exists in four different forms; NH4-H 

(50-60%), NO-N (up to 5 %), NO3-N (up to 5%) and organic nitrogen (40-60%). About 55 g 

m-3 TN and 25 g m-3 NH3-N are found in untreated sewage and is reduced to around 20-50 g 
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m-3 TN as well as a small enough amount of NH3-N to be easily discarded after secondary 

treatment. Heathwaite also mentions that another source apart from sewage is livestock 

(manure and silage waste). The more intense the livestock production is, the more N is 

produced through increasing the input of allochthonous nutrients like artificial feed.  

Nitrogen, unlike P, cycles naturally through living organisms through what is called the 

‘nitrogen cycle’ (Reddy and DeLaune, 2008). Additional N input into lakes affect, just like P, 

eutrophication and accelerating primary productivity in freshwater ecosystems (Heathwaite, 

1993). N functions as a rate-limiting nutrient when it comes to eutrophication in freshwater 

(Heathwaite, 1993). Heathwaite (1993) indicated that N concentrations usually are higher 

than P in fresh water catchment, and also mentions that due to cyanobacteria fixing of N from 

the atmosphere, the fresh water source is not limited to receiving N solely from catchments. 

1.2.3 Carbon  

According to Reddy and DeLaune (2008), C is essential for living organisms since it is 

capable of forming a huge variety of organic compounds of different chain lengths. C is also 

the predominant constituent of all life forms. The energetics, functioning and structure of life 

forms are dependent on the linkage of C with other major elements, e.g. N and P. The linkage 

between the elements is provided through long covalent bonds, which form the foundation for 

several organic molecules related to C in the biosphere.  

The global C cycle, part of the more intricate sedimentary cycle that consists of large masses 

of C in the Earth's inner and outer spheres, is heavily affected by anthropogenic activities 

(Mackezie et al. 2004). Photosynthesis transform inorganic C stored in vegetation into OC, 

and referred to as primary production. In wetlands, the net primary productivity is higher than 

in several other terrestrial ecosystems. Hence, wetlands, even though they are only a small 

part of the Earth’s ecosystems, they are very important for the biogeochemical cycling, 

containing 68% of terrestrial soil C reserves and acting as a big carbon sink regarding carbon 

storage on land. 

Organic carbon (OC) is one of the two major forms of C present in soil-water-plant 

components of wetland ecosystems, alongside inorganic carbon (Reddy and DeLaune, 2008). 

C cycle in the soil-water-plant system can be depicted as a C storage in major reservoirs that 

serve as either a sink or a source, and a flux between reservoirs. Reddy and DeLaune grouped 

the C reservoirs in a wetland as: plant biomass carbon, particulate organic carbon, dissolved 

organic carbon (DOC), microbial biomass carbon and gaseous end products. 
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Nie et al. (2016) discussed the importance of carbon towards eutrophication in fresh water 

bodies. C has a significant impact on eutrophication in lakes being a nutrient for algal 

blooms. C affects the photosynthesis and respiratory metabolism of algal cells. Carbonic 

anhydrase (CA) works as an important biocatalyst in the C utilization by algae and plays a 

key role in algal blooms. 

1.2.4 Correlation between phosphorus, nitrogen and carbon  

The nutrients P and N are primary components of soil organic matter and their cycling is 

always coupled with the cycling of C (Reddy and DeLaune, 2008). Since P limits N fixation 

by cyanobacteria, P ultimately limits productivity. 

Whenever cyanobacteria face reduced N level, they start to fix N so that they meet their 

demand. This eventually leads to the system being P limited since the bacteria create an 

influx of new N to N-limited systems, which allows them to reduce phosphate levels. 

However, when P is limited, N fixation is deprived. Therefore, although N can often be 

limiting to instantaneous C fixation rates, the input of P over long time period into e.g. ocean 

determines net primary production (de la Rocha, 2006). Hence, the control of P availability 

over N fixation makes the N cycle unique. 

Mao et al. (2017) argued that widespread P enrichment in aquatic ecosystems have led to 

enhanced plant productivity, and increased microbial activity and biomass as well as 

accelerated organic matter decomposition. Considering that dissolved organic carbon (DOC), 

is a substantial constituent of the OC pool in aquatic ecosystems, and it originates from soil 

hummus, microbial biomass, plant litter and root exudation, P enrichment has been found to 

have a substantial influence on the quantity of DOC. Although, Mao et al. (2017) mentioned 

that the experimental results concerning this subject have shown highly variable results, it is 

most likely because of the differences in the nutrient availability, organic matter quality, 

hydrological regime as well as the duration of the experimental treatments. As anthropogenic 

activities increase because of escalated human population growth, it is understandable that P 

enrichment will become more widespread.  

Yu et al. (2016) researched the relationship between the nutrients C, N and P in soil regarding 

human impacts through measuring the correlation between the nutrients and the distances to 

cities. The results presented that the anomalies of the nutrients were diversified as the 

distances to cities increased, particularly C. The authors argue that this proves how city 

landscapes has a higher effect on C than on other nutrients and is therefore heavily affected 
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by anthropogenic activities. Using the Pearson’s correlation coefficient the authors measured 

the correlation coefficients of C, and with it reaching 0.917 with the P value below 0.01 the 

authors’ conclusion was strengthened further. Yu et al. also concluded that C has a relatively 

close relationship with road landscapes, indicating that that they have significant effects on 

this element.  

1.2.5 Eutrophication in Lake Victoria 

Stager et al. (2009) indicated that LV, the world’s largest tropical lake is getting increasingly 

eutrophic. The dense phytoplankton blooms and anoxia has among other things led to the 

reduction of organisms able to survive under these harsh conditions. Human influences have 

been the main contributor toward eutrophication in LV, although more recent studies imply, 

that climatic changes have also contributed to the problem (van Rijssel et al., 2016).  

The water quality in LV has deteriorated due to eutrophication, since it promotes excessive 

growth of weeds as well as the increased suspended organic material (Juma, 2014). Marshall 

et al. (2009) indicated that the increase of temperature in LV by 0.9 °C between 1960 and 

1990, raised concerns regarding the thermal stability and further increase of anoxia in the 

deeper waters. Marshall et al. mentioned that Lake Victoria reportedly increased its thermal 

stability by 0.3 °C from 1960-61 to 1990-91. However, this data originated from only two 

sampling stations.  

According to Kabenge et al. (2015), the nutrient levels in the lake have in general increased 

between the years 1990 and 2011, e.g. the nitrate-nitrogen concentrations reached its peak 

around 2007 with 31.2 mg l-1. Between 1992 and 1996, a threefold increase in chlorophyll 

levels, which indicate the intensity of algal blooms occurred. A similar pattern can be found 

in water hyacinth infestation back in the early 1990s, when the decay and breakdown of water 

hyacinth added nutrients into the water and promoted algal growth. Kabenge et al. concluded 

that N was the limiting nutrient for algal blooms in LV.  

Kabenge et al. (2015) mentioned that there has been a rapid population growth in the area 

around LV which intensified land use activities, especially along the lake’s shoreline, and this 

in turn increased the delivery of nutrients and eutrophication. Due to the rapid population 

increase in Uganda and Kenya, both intensification of land use as well as the transformation 

of enormous natural landscapes like forests and wetlands into urban built structures have 

increased sharply (Kabenge, 2015; Juma, 2014). This has also led to rise in agroculture and 

farming in the peri-urban areas that employ fertilizers containing high N and P content 
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(Kabenge, 2015). Although P and N are vital for biological, increased runoff of these two 

nutrients into limnic ecosystems from land-based sources causes increased biomass 

production which upsets the natural balance in these ecosystems. Rise in below-ground 

impervious surfaces/structures will lead to runoff containing nutrients that are not intercepted 

by forests or wetlands during rain (Kabenge, 2015). The nutrients instead find their way into 

swamps, streams and other water bodies until they eventually end up in LV (Kabenge et al., 

2015).  

1.3 Erosion and weathering 

According to Reddy and DeLaune (2008), P is added into the environment through 

atmospheric deposition and weathering of minerals and therefore it can impact the wetlands 

and aquatic systems. Transfer of P is usually between uplands to wetlands, before reaches the 

water. Soil erosion, according to Lin et al. (2015), is a critical factor for eutrophication in 

lakes and for loss of nutrients from the catchment. Soil degradation is more rapid in the 

tropics than in temperate regions, meaning the soil around LV is sensitive to land land-use 

changes (Recha et al., 2013). It is suggested that continuous cultivation and land tillage are 

important causes behind the rapid loss of soil organic carbon, since the physical, chemical 

and biomechanical mechanisms of soil organic matter stabilizations are being disrupted. 

When the soil organic matter declines, it leads to rapid nutrient release of P and N as well as 

reduced cation exchange capacity, which results in diminished nutrient retention of the soil.  

1.4 Research Aims 

The aim of the study was to examine the P concentrations in catchments sediments from 

around LV. The data was compared with N and C concentrations in these samples, generated 

earlier. By analyzing the soil samples from the catchment, we wanted to establish the 

historical changes in the deposition of these nutrients and their input into the lake, which 

perhaps drives eutrophication in LV. 

1.5 Research questions 

• What are the phosphorus, nitrogen and carbon levels in the sediment around LV? 

• Does the input of different nutrients reflect the eutrophication in LV?  

• Could eutrophication in LV be partially caused by natural erosion and 

weathering? 

• Is there a difference in nutrient levels between the urban versus rural sites 

investigated in this study? 
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2. Site description 

The sites chosen for sampling in the LV basin (1° S and 32° E, see table 1 and figure 1), were 

located around Kvirondo, Nyanza, also called the Winam Gulf, which is a large arm located 

in the east corner of LV (Odhiambo, 2016). The Winam Gulf is the second largest bay in LV. 

The Kenyan waters in LV comprise a small part of the open main lake and the Winam Gulf, 

which lies just south of the equator between 0°6′S–0°32′S and 34°13′E–34°52′E (Juma, 

2014). Variations in the hydrodynamic conditions such as sedimentation and dispersion have 

been caused by the bay’s irregular shape. As a result, the western part of the gulf has strong 

conductivity and high dispersion rates, whereas the eastern part has strong sediment loading, 

lower horizontal dispersion rates as well as high turbidity that prevents phytoplankton growth 

even during conditions of high nutrient loading. The catchment consists of four main rivers 

i.e. Sondu-Miriu, Kisat, Kibos and Nyando.  

An invasion of water hyacinths in the 1990s has affected the water quality in the Winam 

Gulf. Pollution in the rivers that are flowing into the gulf via the four main rivers have 

affected water quality resulting in cyanobacteria blooms as well as high mortality of fish. 

Specific sampling locations were selected during field reconnaissance based on their 

geographic distribution and accessibility, land-use changes and urbanization that has sharply 

increased in the region after the railroads were introduced. This study has been carried out at 

two sites in Kenya (more specifically HK, also called Homa Bay, as well as KK, also called 

Siaya). Homa Bay is an urban site while Siaya is a rural wetland. Both sites were located on 

slopes down toward the lake.  
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Figure 1.  The map in figure 1 shows the location of the two sample sites, KK (Siaya) and HK (Homa Bay) 

Table 1. The table shows the geographical positions of the sampling sites.  

Sampling area Site code Longitude Latitude 

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 

 

3. Methods  

Analyses in the upper 100 cm of the sediment cores retrieved from Siaya (KK2) and Homa 

Bay (HK2) were conducted on return to the lab. The cores were retrieved using a motorized 

vibracorer (Atlas Copco Pro). After sampling, the sediments were frozen at a temperature of 

–18 oC before analyses. The cores, after they were retrieved, were shipped to Sweden and 

stored in the freezer. The cores were thawed prior to analyses, sectioned at 1-cm intervals and 

freeze-dried (-55 oC). Around 15-20 samples from each core with both high as well as low N 

and C levels were selected for the sequential extraction of P. 

3.1 Sequential extraction  

This study was based on the extraction method proposed by Williams et al. (1998) and 

Murphy and Riley (1962); see Appendices 1 and 2. Some modifications were introduced to 

the original method and the updated materials are listed in Appendix 2. The extraction 
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method by William et al. included analyses of organic phosphorus (OP), inorganic 

phosphorus (IP) and total phosphorus (TP).  

Originally, sequential extraction schemes were developed for soils and later on extended to 

sediments (Ruban et al., 1998; Wang et al., 2013). Sequential extraction methods take 

advantage of the fact that various solid phases show dissimilar reactivity when it comes to 

different solutions. Using a series of extractants that are chosen to selectively dissolve either 

a single phase or group of phases of similar chemical characteristics, the sediment is 

extracted (Wang et al., 2013). This sequence is designed to make sure that the most reactive 

phases are removed as the strength of the extractant is increased in sequential steps (Wang et 

al., 2013). More specific details of the extraction method are provided in Appendix 1.  

3.2 Phosphorus analyses 

The method used in P analysis using ascorbic acid is also called the 'Blue Method' (See 

Appendix 1. The method, as described by Dabkowski and White (2015), combine 

orthophosphate with molybdate in an acidic environment. As the final compound is formed 

the sample develops a blue color, that is characteristic of this method. It is also a suitable 

method for this study as the blue color is stable for a long period. Using this method also 

significantly decreases the correction for error in salt content.  

 

The analytical method chosen was the one altered by Murphey and Riley (1962). The method 

uses a single solution reagent and takes less time to develop the blue color needed for the 

analysis because of adding potassium antimonyl tartarate. The method was originally 

developed for analyzing sea water, but is also used for analyzing sediments. The step-by-step 

protocol for the method can be found in Appendix 1.  

3.3 Phosphorus fractions 

There are three P fractions in lakes that are widely analysed i.e. inorganic phosphorous (IP), 

ortho-phosphate (OP), and TP (Reddy and DeLaune, 2008). IP in soils exist combined with 

aluminum, iron, calcium and magnesium. Taking the relative bioavailability into account, IP 

can be divided into neutral salt (KCl, NaCl or NH4Cl), extractable P, iron- and aluminum-

bound P, calcium- and magnesium-bound P as well as residual non-reactive IP. As loss of 

soil organic matter through oxidation increases the mineral content, it results in the 

conversion of organic forms of P to inorganic forms. Usually IP compounds in soils are part 

of one of two groups: those containing calcium and the other containing iron and aluminum. 
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OP is the chemically active dissolved form of P that is taken up directly by plants. One P 

atom bonds to four oxygen atoms to form orthophosphate, also known as OP. OP, is also 

called as “phosphate” and “reactive phosphorus” because it easily forms bonds with some 

metal cations;. OP levels in fresh water fluctuate because it is quickly absorbed by plants. OP 

consists of many different species with diverse properties as well as the largest fraction of 

soil P (Vestergren, 2014). OP controls the utilization of P through plants and microorganisms, 

as well as it affects the development and productivity in different ecosystems (Dabkowski 

and White, 2015). There are several dissolved forms of OP that function as fuel for primary 

production in oceans because they are taken up by phytoplankton. The two most common 

colorimetric methods of measuring OP involve using ascorbic acid, also called as the “blue” 

method, and molybdovanadate, also known as the “Yellow” method. According to Reddy and 

DeLaune (2008), TP in water includes both OP and the P in plant and animal fragments 

suspended in lake water. TP levels in water is a more stable measurement and does not 

fluctuate so rapidly. The color is measured spectrophotometrically to measure the 

concentration of P in the solution. 

4. Results 

Table 2 describes the efficiency of the extraction protocol with results of different P fractions 

listed as 90% (IP), 97% (OP) and 92% (TP) in the standard versus the certified value, 

indicating good fallout from the extractions.  
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Table 2. The table shows the results from the P concentrations [mg/kg] of IP, OP and TP in the standard and the 

certified values, as well as the exchange results from the comparison with the certified values conducted by the 

Institute for Reference Materials and Measurements (IRMM), the standard deviation for the standards and the 

standard error.  

 

Based on the upwards trends, the cores were divided into three zones. A strong negative 

correlation was detected in KK between TP-TOC and TN-TOC in zone 3, suggesting that TP, 

TN and TOC are in excess (Table 3). In contrast, strong positive correlations were noted 

between TP-TN, TP-TOC and TN-TOC in zone 2, as well as between TP-TN in zone 1, 

suggesting an uptake of all three of the nutrients.  

Weak correlations were detected in the HK core between TP-TN and TP-TOC in zone 1 and 

2, suggesting that the system is in equilibrium; the inflow is approximately as great as the 

outflow. On the other hand, the TP-TN and TP-TOC correlations were stronger in zone 3, 

indicating the nutrients to be in excess. The TN-TOC correlation shows a strong positive 

correlation throughout all three zones, indicating uptake of nutrients.  

Table 3. The table shows the correlation between TP, TN and TOC from both of the sampling sites, using 

Pearson’s correlation coefficient. The table presents the correlation within all the three zones. 
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Figure 2. The figure shows how the IP, OP, TP, TN and TOC changes over the depth of 100 cm in the top sediment layers in Homa Bay, Kenya (core HK2). The graphs have 

been divided into three different zones to facilitate visualization. 

 

Figure 3. The figure shows how the IP, OP, TP, TN and TOC changes over the depth of 100 cm in the top sediment layers in Siaya, Kenya (core KK2). The graphs have been 

divided into three different zones to facilitate visualization.  
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In order to explain the P, TN and TOC trends in different fractions in Homa Bay, the HK2 

core has been divided into three zones: Zone 1 (100-70 cm), Zone 2 (70-20 cm) and Zone 3 

(20 cm to the core top; Fig. 2). The P levels in the different fractions in the core are generally 

low in the deeper sediments, but show an increasing trend core upward in Zone 3. Zone 2 

shows more variability, except in the OP fraction. There is a steady increase in all the P 

fractions towards the top of the core, while TN and TOC decline rapidly in the top layers. 

A trend can be seen between TP, TN and TOC in Figure 2. The TN and TOC contents in the 

zones follow a similar pattern as TP. All nutrients show an increase in concentration in zone 

1, with a decrease in zone 2. TN and TOC both show a sudden increase in concentration in 

from 50-70 cm, whereas TP shows a decrease before it increases again, and starts to follow a 

pattern close to TN and TOC. 

Figure 2 shows that zone 1 had higher concentrations of P in the sediments. Both IP and TP 

show a fast decrease in concentrations in between the interval 20-30 cm while OP remains 

high. In zone 2, the P levels decrease and become relatively stable. In zone 3, an increase of 

IP and OP can be observed, before it decreases again, and thereafter remains stable in the 

remaining core. The trend for TP is inconclusive because of possible contamination. 

However, this trend coincided with the OP and IP trends even though the concentration was 

much higher.  

Figure 3 indicates the trend between TP, TN and TOC in Siaya (KK2 core); all nutrients have 

higher concentrations close to the surface of the core in zone 3, before decreasing in zone 2, 

but then remains stable through the lowest depth intervals in zone 1. 

Apart from there being a sudden drop in concentration in the TP in zone 3 (Figure 3), which 

can be explained by the similar occurrence in IP concentrations, all nutrients increase 

similarly.  In zone 1, all the nutrients have a similar unvarying trend. They start to increase in 

concentration in zone 2, and then they rapidly increase in the upper part of zone 3. Notably. 

TP consists of a higher concentration of IP than OP (90% and 10%, respectively) in HK as 

well as in KK (47% and 34%, respectively). This explains the sudden drop in TP that can be 

observed in zone 3, (Figure 3). 

There is a gap in the TP graph in Figure 3 due to the extreme values of IP and OP. The 

extreme value is believed to be caused by contamination. 
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Table 4. Distribution of TP and IP in the cores. OP based on the mean values. The extreme values have been 

excluded from the TP mean value in both cores. 

 

5. Discussion  

5.1 Soil erosion and weathering 

Looking at the higher concentrations of TP, TN and TOC in the sediment cores in Figures 2 

and 3, it is highly possible that they have acted as a source of nutrients into the lake and 

therefore affected the eutrophic status in LV. A way for nutrients in sediment and soil to enter 

the lake is through erosion and weathering. Because LV is located in a tropical environment, 

and the soil is sensitive to land-use changes, it further strengthens this possibility of enhanced 

erosion. Nutrients like P and N are released during degradation of organic matter and this 

fraction will enter the lake, affecting its eutrophic state. However, more studies are needed to 

establish this change firmly. 

There has been a drastic increase in urbanization as well as land-use changes in the region 

ever since the railroads were introduced. According to Niu et al. (2015), this is factor impacts 

soil erosion. Taking this into account, it is possible that eutrophication in LV have been 

induced by erosion, causing the nutrients in the sediment to enter the lake. The sites, Siaya 

and Homa Bay, are located on a slope where an inflow of nutrients is possible, see figure 1.  

5.2 The impact of nutrients on eutrophication 

C, N and P impact eutrophication in lakes through affecting algal blooms and other living 

organisms; The analyses show significant concentrations of these nutrients in the sediment 

surrounding LV (Figures 2 and 3. As LV becomes more eutrophic, there is a possibility that 

these nutrients have entered the lake due to weathering and erosion.  

The nutrient cycles of C, N and P are affected by anthropogenic activities, e.g. land use 

change, agricultural increase and fossil fuel consumption. According to Figures 2 and 3, in 

zone 3 in both cores, there was a rapid increased in the concentrations of all the analyzed 

nutrients. It is likely that the land use changes on the Kenyan side of Lake Victoria have had 

an impact on the nutrient cycles, which in turn have led to increased eutrophication of the 

lake, especially when comparing with the nutrient fractions in Figures 2 and 3.  
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5.2.1 The impact of phosphorous on Lake Victoria 

Due to wetlands’ role as buffers for P retention between uplands and aquatic systems it is 

important to understand the transfer of P. P is usually released though weathering of minerals 

into the environment, such as lakes, during natural conditions. Therefore, there is a possibility 

that the amount of P measured in the sediment around LV impacts the overall quality of the 

lake. P is also heavily affected by athropogenic influences, like the use of fertilizers, which is 

supported by the results of the analyses as shown in Figures 2 and 3. The higher amounts of P 

measured closer to the surface of the sediment cores hints that human activities, which have 

increased during recent time, have affected the concentrations. Apart from weathering and 

erosion, P can also enter a lake through internal loading whenever chemical processes in the 

sediment at the bottom of the lake causes P to be released. Further samples from within the 

lake itself need to be analysed to understand this mode of P mobilization in the lake.  

5.2.2 The impact of nitrogen on Lake Victoria 

N controls the productivity of freshwater ecosystems, meaning the N cycle is sensitive to 

additional input of nutrients. It works as a rate-limiting nutrient when it comes to 

eutrophication in freshwater ecosystems. When looking at all the three zones in both Figure 2 

and 3, increase in TN concentration levels can be seen close to the surfaces of the sediment 

cores. This indicates that increase in TN concentration is connected to the increased 

urbanization in the area. Another plausible cause behind the increasing N concentrations in 

LV could be the increasing population of cyanobacteria in the lake, since the algae fixes N 

from the atmosphere, causing a chain reaction of N influx. 

5.2.3 The impact of carbon on Lake Victoria 

C, as an essential nutrient for all living organisms. C plays an important role in eutrophication 

in fresh water because it acts as a nutrient for algal blooms. C is particularly sensitive to 

anthropogenic impacts, which is also supported by the results (figures 2 and 3), whereby 

higher concentrations of the nutrient is located near the surface of the sediment cores, 

indicating that the younger sediment has higher concentrations of C. This suggests that 

distribution of C is affected by human activity.  

5.3 Correlation between nutrients 

Rapidly intensified land-use during the past century is most likely one of the main factors 

behind the increase of nutrients in LV. Both sites studied in this project (Siaya and Homa 
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Bay) have seen rapid urbanization ever since the railroad was introduced into the area, 

leading to an increase in TP, TN and TOC in both sites.  

N is commonly used in agriculture as a nutrient, and if used carelessly to the point where the 

nutrient is in excess, there is risk of it leaching from the soil into the water systems. Table 3 

shows that in the top sediment in zone 3, in both Siaya and Homa Bay, there was an uptake of 

TN, since there was positive correlation at both sites. As the nutrient concentrations are 

higher in younger sediment there is an excess of nutrient and the soil is unable to take it all 

up. Although the amount of TN that is absorbed varied between the sites, with KK taking up 

more TN than HK, no major leaching was detected in the analyses. TP is being taken up by 

the soil on both sites in zone 1, as can be seen in table 3. TOC, on the other hand, is in excess 

in Siaya while there is an uptake of the nutrient in Homa Bay.  

Table 3 shows whether the nutrients are correlated or not. If they are positively correlated the 

nutrients may be from the same source. As the TN-TOC correlation in HK shows a strong 

positive correlation throughout all three zones it indicates that the nutrients come from the 

same source. Since the nutrients are in excess in HK, the urban area, the source may be due to 

anthropogenic activities. Negative correlation suggests that the nutrients come from different 

sources, and therefore may be unrelated to anthropogenic  activity.  

Table 3 also shows a strong negative correlation in KK between TP-TOC and TN-TOC in 

zone 3, suggesting that TP, TN and TOC are in excess. This indicates that the nutrients come 

from different sources and are likely not due to anthropogenic activities only. In contrast, 

strong positive correlations were noted between TP-TN, TP-TOC and TN-TOC in zone 2, as 

well as between TP-TN in zone 3, suggesting an uptake of all three of the nutrients. This 

indicates that the younger sediment has a stronger correlation between the nutrients and 

therefore come from the same source, suggesting an anthropogenic impact.  

5.4 Comparison between sites  

The closer to the surface of the sediment, the younger the sediment is, and therefore it is 

expected to have higher concentrations of nutrients due to increased human impact in recent 

time. The further down the core, the older the sediment is, and they have low concentration 

elements indicating human impact. Figure 2 and 3 illustrates the different nutrient fractions 

on both sites.  

The OP concentrations in Siaya shows less of a trend than the ones for IP and TP, and it is 

possible that IP is affecting TP and causes the concentration to decline between 20 and 40 
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cm. This is due to the sudden drop in concentration in TP in zone 3, as can be seen in figure 

3, where IP shows a similar trend but OP does not. As TP shows a similar trend as IP this 

means that IP is a bigger part of TP than OP, which is also supported by the mean values in 

Table 4.  

Figure 3 shows that the TN levels are relatively high in zone 3, lower in zone 2 as well as 

higher again in zone 1. TOC shows a similar trend. While TP shows a general increase of 

concentration close to the surface of the core the TN and TOC has a trend that shows no 

variation, although they do show an increase from zone 2 to zone 1. Without dating of the 

sediment cores it is not possible to draw any conclusions about this, however looking at only 

zone 2 and 1 the increase in concentration could indicate an anthropogenic impact.  

Siaya is located close to a more rural area and is a wetland. The results were expected to 

show lower concentrations of nutrients for Siaya than for Homa Bay, supporting the 

hypothesis that human activity affects the eutrophication in LV, and this was true for TP but 

not for TN or TOC. The urban site (Homa Bay) showed higher concentrations of TP in 

comparison to the rural site (Siaya), which showed higher concentrations of TN and TOC.  

During the 1960s a railroad was built from Nairobi, which in turn meant a sudden increase in 

population. This caused a rapid population growth in the region and with it an increase of 

anthropogenic impacts on the environment. This in turn, affected the nutrient levels of P, N 

and C, all of which experienced a rapid and sudden increase in concentrations (Figures 2 and 

3). Looking at TP at both sites, the mean value for Homa Bay was 27 369 μg/l and 4225 μg/l 

for Siaya (see table 4), respectively meaning that the TP concentrations were much higher for 

the site closer to a large town, and therefore more affected by human activity. 

Figure 2 shows a similar trend between all three nutrients with lower concentrations in zone 2 

than in zone 1, followed by a steady increase towards zone 3. There is a sudden increase as 

well as decrease in TP before it steadily increases in zone 3, which could be due to a possible 

contamination. These results further strengthen the conclusion that distribution of these 

nutrients has been affected by anthropogenic impacts. 
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6. Conclusions 

• The P, N and C concentrations in the sediment around the lake can reflect the eutrophication 

in LV. 

• The concentrations for P, N and C are generally higher in younger sediment, meaning the 

nutrients have most likely been affected by impacts. 

• There is a difference between the nutrients P, N and C between the urban and rural sites, 

confirming the extent of land use activities impact nutrient levels. 

• Factors like erosion and weathering are likely to have impacted the eutrophication in LV, but 

further research is needed to understand the role of these processes in the catchment.  
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Appendix 1 
Note: put all the materials in an acid bath over night, or, if you need to rinse it right away, use 

warm acid dissolved in water. 

Sequential extraction procedure  

B. Concentrated HCl-extractable P.  

1. Weigh 200 mg dry sediment in a porcelain crucible  

2. Calcinate at 450 °C for 3 h  

3. Pour the cool ash into a centrifuge tube  

4. Add 20 ml 3,5 mol/l HCl with a pipette  

5. Cover the tube and stir for 16 h  

6. Centrifuge at 2000 g (15 min)  

7. Collect the extract in a test-tube  

C. IP and OP  

IP  

1. Weigh 200 mg of dry sediment in a in a centrifuge tube  

2. Add 20 ml of 1 mol/l HCl with pipette  

3. Cover the tube and stir for 16 h  

4. Centrifuge at 2000 g (15 min)  

5. Collect extract in a test tube for analysis of IP  

OP begins  

6. Add 12 ml of demineralized water to wash the residue  

7. Stir for 5 min  

8. Centrifuge at 2000 g for 15 min and discard the supernatant  

9. Repeat steps 6-8 

10. Add 20 ml of 1 mol/l HCl with pipette  

11. Allow the residue to dry in the tubes in a ventilated drying cupboard at 80 oC  

12. Put the tubes in an ultrasonic bath for 10 s and transfer to a porcelain crucible  

13. Calcinate at 450 oC for 3h  

14. Pour the cool ash into the centrifuge tube  

15. Add 20 ml of 1 mol/L HCl with pipettes. (HCl can be added directly to the crucible to 

ease the transfer of the ash)  

16. Cover the tube and stir overnight (16 h)  

17. Centrifuge at 2000 g (15 min)  

18. Collect the extract in a test-tube for OP analysis.  

 Reagents 

HCl, 1 mol L -1 

HCl, 3.5 mol L -1 
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Apparatus 

Centrifuge, balance. 

Polyethylene/polypropylene centrifuge tubes.  

Porcelain crucibles. 

Test-tubes. 

Pipettes, 4 and 10 ml. 

Shaker (e.g. Magnetic stirrer, shaker table, and end-over-end shaker)  

 

References 

J. D. Williams, T. Mayer and J. O. Nriagu, Soil Sci. Soc. Am. J., 1980, 44, 462.  

D. Burrus, Thesis, University of Geneva, 1984, No. 2135. 

J. Murphy and J. P. Riley, Anal. Chim. Acta, 1962, 27, 31.  

 

  



26 
 

 

Appendix 2 

Materials 

- Sulphuric acid 2,5 M 

35 ml concentrated H2SO4 diluted to 250 ml using milli-Q water. 

- Ammonium molybdate (4%) 

Transfer 4 g (NH4)6Mo7O24 x H2O into a 100 ml volumetric flask. Dilute with Milli-Q 

water. 

- Ascorbic acid 0,1 M 

Dissolve 1,75 g ascorbic acid in 100 ml Milli-Q water. If stored in a refrigerator, the 

solution will last up to a month. 

- Potassium antimony(III) tartrate hydrate (1 mg Sb/ml) (KSb solution) 

Dissolve 0,6855 g K/(SbO)C4H4O6 x 0,5 H2O in Milli-Q water up to 250 ml. Store in 

a dark bottle in a refrigerator.  

- Reagent solution 

Blend H2SO4, ammonium molybdate solution and KSb-solution in the following 

proportions: 

H2SO4 (2,5 M)  250 ml 

Ammonium molybdate (4 %)   75 ml 

KSb  (1 mg Sb/ml)   25 ml 

- Mixed reagent (25 samples) 

To be made the same day as the analysis.  

175 ml of reagent solution 

75 ml of ascorbic acid 0,1 M 

- Phosphate stock solution (100 mg PO4-P/l) 

Blend 70 % of the reagent solution with 30 & ascorbic acid (0,1 M). 

For 50 samples: 

350 ml reagent solution is mixed with 150 ml ascorbic acid (0,1 M). The solution has 

a short expiration date and needs to be remade with every analysis.  

- Phosphate-calibration solution (1000 µg PO4-P/l) 

Dilute the stock solution 100 times. Store for no more than about 1 week. 
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Execution 

Note (i) all glassware must be completely clean 

Note (ii) The analysis should be executed using filtrated water (glass fiber filter MGC or 

GF/F) 

1. Prepare the mixed reagent. 

2. Add 40,0 ml sample water to 50 ml volumetric flasks.  

3. A blank consisting of Milli-Q water (Ablank < 0,025) and three calibration solutions 

(1000 µg PO4-P/l) need to be prepared for all analyzes. The three calibration 

solutions should be prepared with the following volumes: 2,0 ml, 4,0 ml and 6,0 ml. 
 

Should the absorbance in the sample be higher than the calibration solution with the 

highest absorbance, the sample needs to be diluted until its absorbance is lower than 

the calibration solution’s, since the sample’s absorbance needs to stay within the 

calibration curve. Should this be the case, create a new sample with less than 40 ml 

water, then add the reagent and measure the absorbance in the same way as the other 

samples. 
4. Add 8 ml of reagent solution to all of the samples, including the blank and the 

calibration samples, and thereafter dilute to 50 ml using Milli-Q water. 

5. Measure the absorbance at 882 nm in 5 cm cuvettes after at least 10 minutes, using a 

spectrophotometer. As reference, use distilled water or Milli-Q water. 

Calculation 

MRP (µg l⁄ ) =  
Ccal ∗ mlcal ∗ (Asample − Ablank)

mlsample ∗ (Acal − Ablank)
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