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Abstract: This study assessed the levels of nitrogenous (ammonia, nitrite and nitrate) and phosphate compounds in the water 

column in the Great Ruaha River (GRR) in response to natural and human pressures. Water were sampled using Teflon capped 

plastic containers and analysed using standard methods. High levels of ammonia were observed in the Mtera dam and low in 

the GRR and its tributaries as well as at Ruaha Mbuyuni. Nitrite levels were observed only in Mswiswi and Luwosi tributaries 

in the upstream and in the Mtera and Ruaha Mbuyuni in the downstream. High levels of nitrite were observed in the Mtera dam 

probably due to increased microbial activity. Levels of nitrates were high in the Mtera dam and in the Mswiswi and Lunwa 

tributaries and low in the Little Ruaha, Ruaha Mbuyuni and in other tributaries. Nitrate levels were increasing from the 

tributaries to the main river and later decreasing at Ruaha Mbuyuni probably indicative of some changes in land cover, land 

use, soil type and groundwater level. Observed levels of phosphate followed an irregular pattern and were relatively were high 

probably due to anthropogenic activities and absence of Ca, Mg, Al and Fe minerals that can precipitate phosphate. Levels of 

nitrogen and phosphorus in the GRR were lower than the US EPA and Health Canada set standards, indicative of a natural 

source. Principal Component Analysis (PCA) indicate that the nitrite and ammonia are so closely related to each other than to 

nitrate, indicating probably that most nitrites originate from the nitrification of ammonia than the denitrification of nitrate. 

Similarly, nitrate and phosphate were observed in the same principal component clearly indicative of the same source, which 

could be fertiliser application in agricultural fields. However, increasing agricultural and livestock activities as aggravated by 

increasing human population pose a threat on the future dynamics of the nitrogen and phosphorus in the area. 
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1. Introduction 

Nitrogen and phosphorus are the two key biogenic 

elements often controlling the overall primary production in 

aquatic systems. Nitrogen is a key building block in all life 

forms[1] and phosphorus plays a major role in biological 

molecules such as hormones, enzymes, proteins and 

vitamins[2].Nitrogen exist as a gas in the atmosphere (almost 

80%) and is not available for use by most organisms. For 

plants and animals to be able to use nitrogen, N2 gas must 

first be converted to more chemically available forms [1] 

through nitrogen fixation, or chemical manufacture of 

ammonia. Ammonia then undergoes a series of reactions that 

consequently produce nitrate. For example, urea is 

hydrolysed to ammonium (NH4
+
) under natural chemical 

process. Then, Nitrosomonas bacteria convert ammonium to 

nitrite (NO2
-
) which is rapidly converted to nitrate (NO3

-
) by 

Nitrobacter species. Nitrate and ammonium can then be 

taken up by plants or used by other soil organisms. The 

plants are later consumed by animals to build their body 

tissues (meat, milk, wool). Animal manure, sewage sludge, 

crop residues, and roots add organic nitrogen materials 

through mineralisation to give ammonium, which is further 

transformed to nitrate [1] as shown in Fig. 1. 

Phosphorus is released into the environment through 

weathering of minerals [4]. In aquatic systems, phosphorus 

originates naturally from the dissolution of phosphate 

minerals and mineralisation of algae. Anthropogenically, 

phosphorus originates from sewage discharges, industrial 

effluents, as well as diffuse inputs from grazing and 

agricultural land. While phosphorus may exist in either the 

dissolved, colloidal, or particulate form, the predominant 

species is orthophosphate in the mono-protonated (HPO4
2-

) 

or di-protonated (H2PO4
-
) forms [5].  
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Phosphate is taken up by plants from soils, utilized by 

animals that consume plants, and returned to soils as organic 

phosphate residues. This organic phosphate 

released either as inorganic phosphate or incorporated into 

more stable organic materials and become part of the soil 

organic matter (Fig. 2). This mineralisation 

As fertilizer or manure comes in contact with the 

moisture from the soil will begin dissolving the particle

The presence of phosphate ions in solution is dependent on 

pH and is characterized by three equilibrium constants:
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Phosphate is taken up by plants from soils, utilized by 

animals that consume plants, and returned to soils as organic 

organic phosphate is slowly 

released either as inorganic phosphate or incorporated into 

ials and become part of the soil 

mineralisation process is highly 

influenced by soil temperature and moisture. 

phosphorus is present in soil, and in what form will depend 

on the parent material from which the soil has

developed, amount of material that has been weathered, and 

land use. 

Figure 1. The Nitrogen Cycle [3]. 

Figure 2. Phosphorus Cycle [6]. 

As fertilizer or manure comes in contact with the soil, 

moisture from the soil will begin dissolving the particle [9]. 

The presence of phosphate ions in solution is dependent on 

pH and is characterized by three equilibrium constants: 

 

Whereas the dominant phosphate species is 

orthophosphoric acid (H3PO4) 

PO4
3-

 is the dominant species under alkaline soil conditions. 

However, HPO4
2-

and H2PO4
-
 dominate in the most natural 

conditions. The relative proportion of each form in 

area depends on the soil, vegetation, and land u

characteristics [4].  

Phosphorus loads from highlands

have rapidly increased recently as a result of heavy fertilizer 

use and the demand to produce more food to meet the 

demand of the growing population. Converting wetlands to 
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influenced by soil temperature and moisture. How much 

phosphorus is present in soil, and in what form will depend 

on the parent material from which the soil has been 

developed, amount of material that has been weathered, and 

 

 

Whereas the dominant phosphate species is 

 under acidic soil conditions, 

is the dominant species under alkaline soil conditions. 

dominate in the most natural 

The relative proportion of each form in a given 

depends on the soil, vegetation, and land use 

highlands to many aquatic systems 

rapidly increased recently as a result of heavy fertilizer 

use and the demand to produce more food to meet the 

demand of the growing population. Converting wetlands to 
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agricultural and urban lands decreased the capacity of 

existing wetlands to retain phosphorus. This has resulted in 

phosphorus enrichment of many lakes, rivers, estuaries, and 

coastal waters [4].  

1.1. Environmental Health Effects of Nitrogenous 

Compounds 

The nitrogenous species of environmental concern in water 

are NH4
+
, NO2

–
and NO3

–
. Ammonia that is released to the 

atmosphere tends to return to the plant–soil system relatively 

rapidly, thus increasing the nitrogen content of nearby 

vegetation. However, the bulk of atmospheric NH3 is 

converted to NH4
+
, consuming some of the atmospheric 

acidity produced by human activities. But, high 

concentrations of ammonia may result in adverse effects such 

as leaf burn. Fine-particle ammonium aerosols can travel 

long distances and cause problems at a regional scale, 

impacting the water and air quality through wet deposition. 

NH3, NO2
–
are usually returned as dry deposition [9]. 

High concentrations of nitrate and nitrite may lead to 

eutrophication of the ecosystem due to over enrichment with 

nutrients [10]. Thus, in the presence of high nitrate levels, 

aquatic plants and algae are overproduced. This eventually 

causes settling of dead algae and macrophytes to the bottom 

of the water system, bacteria proliferation, depletion of 

dissolved oxygen, sunlight blocking, changes in colour and 

odours of water and the consequent elimination or reduction 

of photosynthesis by submerged aquatic vegetation. 

Exposure to nitrate concentrations in drinking water has been 

associated with increased incidences of hyperthyroidism 

(goitre), various cancers, birth defects and increased risk of 

central nervous system malformations in infants whose 

mothers consumed drinking water with high nitrate levels 

[1,11]. Furthermore, nitrate in food and drinking water is 

reduced to nitrite in the digestive system through bacterial 

and other reactions [1,11]. The nitrite may then oxidise the 

iron in the haemoglobin molecule to form methemoglobin 

[11], reducing the ability of the blood to effectively transport 

oxygen and carbon dioxide. The nitrite can be further 

reduced to N-nitroso compounds (NOCs), which are 

carcinogenic and have been found to induce cancer in 

animals [1,11]. 

1.2. Environmental Health Effects of Phosphorus 

Compounds 

Phosphorus, despite being an essential element and non-

toxic by itself, has low solubility and as a pollutant has 

detrimental effects on water quality at quite low 

concentrations. When soil particles with phosphorus are 

carried to a river, phosphorus will be contained in the 

sediment. When soil erosion occurs, more fine particles 

associated with the phosphorus are removed, causing the soil 

to be enriched with phosphorus [9]. When rivers are polluted 

with phosphorus, excessive growth of algae often results. 

High levels of algae reduce water clarity and can lead to 

decreased dissolved oxygen as the algae decays [7,10], loss 

of biodiversity, decreased recreational uses of waters, and the 

onset of harmful algal blooms. This is especially true in areas 

with intensive animal farming, where repeated manure 

applications have led to excessive accumulation of 

phosphorus in soils [1]. Once in the river these compounds 

are transformed through physico-chemical, microbial and 

biological processes, during their transfer along the aquatic 

continuum, i.e., from the river spring to estuaries, coastal 

waters and the ocean. These substances may have several 

negative effects on the aquatic ecosystem, threaten human 

health (e.g. poisoning, infection, etc) and impact the 

economical use of water resources (e.g. drinking water 

supply, fisheries, hydroelectric power, tourism, etc).  

Superimposed by natural variability, the contemporary 

period is characterised by an ever-increasing utilization of 

materials, energy and space that emanate from the growing 

human population, industrial activity and intensive 

agricultural activities. As a result of severe increase of human 

impacts on aquatic ecosystems there has been an increasing 

flux of chemicals in the environment. Nutrient pollution is a 

significant problem worldwide, and recent reports from 

national and international organizations show that 

concentrations of nitrogenous and phosphorus compounds in 

water are increasing steadily. In developing countries like 

Tanzania water pollution caused by nutrients is still a serious 

problem as a result of increased urbanization, poor waste 

disposal and treatment procedures as well as intensive rural 

and urban agriculture. In the GRR, the nitrogen and 

phosphorus substances are brought to the river surface waters 

mainly due to leaching and erosion of agricultural soils [12]. 

Since water quality is not monitored systematically in 

Tanzania, the extent and severity of water pollution from 

nitrogen and phosphorus fertilisers and the consequences of 

this pollution is not known. However, data from the 

increasing use of fertilisers and the expansion of cropped 

area as well as the increased migration of population and 

livestock in the basin implies that this is a growing problem. 

This study was therefore intended to assess the water quality 

in the Great Ruaha River by determining the nutrient levels 

in the water column in response to natural and human 

pressures. 

2.Methodology 

2.1. Study Area 

This study was conducted in the GRR Basin which is 

located within latitudes 7
°
41’ and 9

°
25’ south, and longitudes 

33
°
40’ and 35

°
40’ east (Fig. 3). The Great Ruaha basin is 

characterised by hills and mountains consisting of granite and 

volcanic rocks and the plains consisting of alluvial fans and 

clay soils. The fans were developed by the depositions from 

the rivers disgorging from the highlands into the plains. The 

plains are surrounded by alluvial fans [14]. Rainfall 

distribution is variable and is influenced by topography. The 

average rainfall in this area is between 400mm to 1,200mm 

[15], with the most of it received in the highland areas (up to 
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3,000m above sea level). The water from the Ruaha River 

and its tributaries forming the GRR flows with a mean flow 

of 140 m
3
/s [16]. The mean daily maximum and minimum 

temperature range from 28
o
C to 32

o
C and 9.5

o
C to 19.5

o
C, 

respectively. 

 

Figure 3. The Map showing the Great Ruaha River and the tributaries as adopted from [13]. 

The Basin is subjected to continuous change in the 

population trends as a result of migration and birth. 

Searching for pastures for livestock keepers from Hanang, 

Shinyanga, Mwanza, Tabora and Arusha has increased the 

population influx. The population growth has affected the 

resource base within the catchment leading to increase 

demand in the use of resources such as arable land, food and 

water [14]. The main socio-economic activities in the basin 

are agriculture and livestock keeping. Agriculture, which is 

both rain-fed and irrigated has attracted a large population 

(up to 90%) in the catchment [14] where paddy, maize, beans 

and irish potatoes are grown as food crops and pyrethrum, 

vegetables, sunflower, coffee, tea and sugarcane are grown as 

commercial crops [14,17]. Various fertilisers are applied in 

the catchment. Inorganic fertilisers applied in the area include 

Calcium Ammonium Nitrate, CAN, [17,18,20], Nitrogen-

Phosphorus-Potassium, NPK, [17,18], Urea [17,18,19,20], 

Triple super phosphate, TSP [18], Diammonium Phosphate, 

DAP, [19,20] and Sulphate of Ammonia, SA [20]. Some 

farmers use organic manure in their farms [19,21]. Livestock 

keeping is common in the basin and involves local and 

migrant livestock keepers where cattle, goats, donkeys and 

sheep are kept [14]. These livestock graze in the riverbanks, 

in Ihefu and Ifushiro swamps [16]. There is also mining of 

stone aggregates, sand, murram and soil for preparing burnt 

bricks [14] that take place near the riverbanks. Timber and 

logging from soft wood (Cyprus wood), pine, and eucalyptus 

and from the few indigenous species in the area has 

contributed to environmental degradation [14]. Wastewater 

from municipalities and industries within the basin are 

discharged into receiving water bodies with little or no 

treatment. For example, Iringa urban town discharges raw 

sewage into the GRR [23]. Nutrients from fertilisers 

applications during agricultural activities as well as from 

soil erosion add to the nutrient load reaching the river.  

2.2. Data Collection and Sampling 

Sampling was done in June 2008 in the Great Ruaha 

tributary rivers along the Makambako - Mbeya road on the 

upstream, Mtera dam and at Mbuyuni Bridge along the 

Morogoro - Iringa road on the downstream (Fig.3). Water 

samples were collected from pre-selected representative sites 

within the river basin (Table 1). 

Table 1. Description of the water sampling points in the Great Ruaha River. 

S/N Sampling Site Description of the Sampling Site 

1 Mswiswi river 
The river is very rock with some few debris 

from trees 
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S/N Sampling Site Description of the Sampling Site 

2 Mambi river The river is rocky with very little sediments. 

3 Lusowi river The river is rocky with very few debris 

4 Lunwa river 
The river is rocky and its water are used for 

drinking  

5 Meta river The river is surrounded with bamboo trees 

6 Chimala river 

The river is rocky. Whereas the upstream is 

used for washing clothes and drinking, the 

downstream is a dumping site for saw dusts. 

Some sewage effluents from the town are 

emptied directly into the river 

7 
The Great 

Ruaha river 
The river is very steep 

8 Kimani river The river has few debris from bamboo trees 

9 Igawa river 

The river is rocky; people do bath and livestock 

drink the river water; cow dung and debris from 

plants were observed 

10 Mbarali  

Water samples were taken near estate just 

afterthe water comes out the farms Samples 

were taken just before water from farm enters 

the Mbarali river. Water is used for washing 

clothes and drinking 

11 
Little Ruaha 

river 

Sample taken at the bridge near Ipogolo; people 

bath, wash clothes, defecate and urinate on the 

river banks 

12 Mtera dam 

Sample taken between the tunnel mouth and the 

barrier bridge, south of the barrier bridge and at 

the dam gate on Iringa side. Water for domestic 

purposes and livestock 

13 
Ruaha 

Mbuyuni 

Sample taken at the new bridge. Water from the 

river bank are used for bathing, washing clothes 

and for livestock use.  

Water samples for analysis of ammonia, nitrite, nitrate and 

phosphate (nutrients) were taken using Teflon capped plastic 

containers. Since the streams are generally shallow, samples 

were taken manually from the banks or from shallow spots in 

the stream by simply immersing the bottle in the water. Due 

to distance between the field and laboratory, all samples for 

ammonia analyses were preserved by addition of 

concentrated H2SO4 (2 mL) to maintain a pH <2. All water 

samples were later stored in cool box at 4°C until brought 

into the laboratory. In the laboratory, the samples were stored 

in the refrigerator at 4°C until analysis. The samples were 

analysed immediately within 7 days (less than 48 hours for 

nitrates and phosphates). Samples for nitrites and ammonia 

were analysed without filtration. However, samples for 

nitrate and phosphate determinations were filtered with 0.45 

µm filters prior to analysis. 

2.3. Determination of Nutrient Levels in the Samples 

Water samples for nutrients were analysed using standard 

methods as described elsewhere [23], [24]. Identification of 

the nutrients was done using UV-VIS spectrophotometer as 

briefly described below. Quantification was done using the 

Beer-Lambert’ equation and expressed in mg/L.  

2.3.1. Analysis of Ammonia 

Ammonia in water exists in the equilibrium with its ion, 

NH4
+
, either as a base or an acid. As a base, ammonia exists 

in equilibrium with ammonia ion by the equation:  

 

Similarly, it can exist as an acid by the equation: 

 

The amount of ammonia, as indicated by the equations above 

is influenced by temperature (through its pKa) and pH.  

Ammonia reacts with hypochlorite and salycilate ion in 

alkaline solution to form green-blue colour (indophenol blue) 

in presence of nitroprusside catalyst [23].  

 

Addition of citrate compound precipitates Mg and Ca and 

thus eliminates interference. This reaction is conducted at 

room temperature with pH maintained within pH 4 to 9[23].  

Sodium nitroprusside (0.2 g) and Sodium salycilate (18 g) 

were weighed separately and dissolved together in an 

Erlenmeyer flask containing distilled water (100 mL). Tri -

sodium citrate dihydrate (100 g) and NaOH (10 g) were 

weighed and dissolved together in distilled water (500 mL). 

The hypochlorite solution was prepared by dissolving 

dichloro-sodiumcyanurate-dihydrate(0.58 g)in distilled water 

(100 mL). The citrate solution (100 mL) and dichloro-

sodiumcyanurate-dihydrate solution (25 mL) were mixed 

immediately before use. Standard ammonia stock solution 

was prepared by dissolving ammonia chloride (0.3819 g) in 

distilled water (1L) forming a stock solution of 0.1 g/L NH4-

N. Other working solutions were derived by dilution of the 

stock solution.  

Fifty (50) mL of the sample in triplicate were placed in a 

100 ml Erlenmeyer flask. Then, phenolic solution (2 mL) 

was added and mixed. Later, hypochlorite solution (2 mL) 

was added and mixed thoroughly. The sample and the 

reagents were allowed to react for 90 minutes in the dark 

before its absorbance was measured in the spectrophotometer 

at 690 nm. Blank samples were prepared using distilled water 

for zero adjustment of the spectrophotometer. Calibration 

curve was prepared by making a series of standards with 5 

different concentrations in a proper range derived from the 

ammonia working solution. A plot of concentration versus 

measured absorbance resulted to a straight line that enabled 

the calculation of the linear regression factor (f) from 

calibration curve. Concentrations of ammonia in the water 

samples were calculated as follows: 

C (mg/L NH4-N) = fxA                        (9) 

where C = Concentration of NH4-N (in mg/L) in the sample, 



64 Matobola Joel Mihale:  Nitrogen and Phosphorus Dynamics in the Waters of the Great Ruaha River, Tanzania  
 

A = measured absorbance in water sample, f = factor from 

linear regression.  

Sensitivity was improved by replacing a cuvette of 1 cm 

with 5 cm light path, and the calculation of concentration 

became: 

C (mg/L NH4
--N) =

s

fxA)(
                   (10) 

wheres = thickness of cuvette (1 or 5 cm) 

2.3.2. Analysis of Nitrite 

Determination of nitrite in water is based on the reaction of 

nitrite with an aromatic amine leading to form a diazonium 

compound, which couples with a second aromatic amine. 

This azo dye is then quantified by spectrophotometry. In this 

method, sulphanilamide hydrochloride is used as the amino 

compound, where nitrite ions react with the sulphanilamide 

to form a diazo compound. 

 

Then, the diazonium compound is coupled with N-(1-

naphthyl)-ethylenediaminedihydrochloride(NEDD) in acidic 

conditions (strictly pH < 2) to produce a final pink-coloured 

complex that is quantified by spectrophotometry. 

 

The sulphanilamide reagent was prepared by dissolving 

crystalline sulphanilamide (10 g) in concentrated 

hydrochloric acid (100 mL) and then moderately heated to 

accelerate the dissolution. After cooling, the solution was 

made up to a 1 L with distilled water and stored in the dark 

<8 °C. NEDD reagent was prepared by dissolving the amine 

dihydrochloride (0.5 g) in distilled water (500 mL) and the 

solution stored in a brown bottle at <8 °C. Standard nitrite 

stock solution was prepared by dissolving anhydrous sodium 

nitrite (2.482 g) in distilled water (1 L). Working solutions of 

NO3-N were obtained by diluting the stock solution. 

Determination of nitrite was done immediately due to high 

bacterial activity that may rapidly produce nitrite in the 

sample, hence producing erroneous results. A sample (50 

mL), with or without prior filtration, was transferred into a 

reaction bottle (100 mL volumes) and sulphanilamide regent 

(1 mL) was added. After mixing and about 1 min of reaction 

time, NEDD reagent (1 mL) was added. The flask was 

shaken and the azo dye was allowed to develop for 20 min. 

The absorbance was measured at 540 nm within 1 h after the 

addition of the reagents. 

Blank samples were prepared using distilled water for zero 

adjustment of the spectrophotometer. Calibration curve was 

prepared by making a series of standards with 5 different 

concentrations in a proper range derived from the nitrite 

working solution. A plot of concentration versus measured 

absorbance resulted to a straight line that enabled the 

calculation of the linear regression factor (f) from calibration 

curve. Concentrations of nitrite in the water samples were 

calculated as follows:  

C (mg/L NO2
-
-N) = fxA                    (13) 

where C = Concentration of NO2
-
-N (in mg/L) in the sample, 

A = measured absorbance in water sample, f = factor from 

linear regression  

Sensitivity was improved as in section 2.3.2. 

2.3.3. Analysis of Nitrates 

Nitrate ions react with 2,6-dimethylphenol to form 4-nitro-

2,6-dimethylphenol in presence of sulphuric and phosphoric 

acids. 

 

High content of organic compounds, especially aromatic 

compounds are reduced by sulphuric acids resulting in a 

yellow colour interfering with analysis. As a result, filtration 

and sometimes addition of amidosulfonic acid is necessary 

[23]. The coloured phenolic compound is further quantified 

by spectrophotometry. 

Solutions for the analysis of nitrates were prepared as 

follows: Solution 1 was prepared by dissolving 2,6-

dimethylphenol (1.2 g) in acetic acid (1 L). Solution 2 was 

prepared by mixing sulphuric and phosphoric acids in a 1:1 

ratio. i.e. 1 volume of sulphuric acid is mixed with 1 volume 

of phosphoric acid. Standard nitrate stock solution was 

prepared by dissolving dry potassium nitrate (0.722 g) in 

distilled water (1 L). Working solutions of NO3-N were 

obtained by diluting the stock solution. 

To a filtered sample (5 mL) in an Erlenmeyer flask (100 

ml), amidosulfonic acid (50 mg) was added and left for 10 

minutes. Then, solution 2 (40 mL) was added followed by 

solution 1 (5 mL). The reaction mixture is left to stand for 10 

minutes. The absorbance of the resulting solution was 

measured at 234 nm in a cuvette prior rinsed with solution 

2.Blank samples were prepared using distilled water for zero 

adjustment of the spectrophotometer. Calibration curve was 

prepared by making a series of standards with 5 different 

concentrations in a proper range derived from the nitrate 

working solution. A plot of concentration versus measured 

absorbance resulted to a straight line that enabled the 

calculation of the linear regression factor (f) from calibration 

curve. Concentrations of nitrate in the water samples were 

calculated as: 
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C (mg/L NO3--N) = fxA                          (15) 

where C = Concentration of NO3
-
-N in mg/L in the sample, A 

= measured absorbance in water sample, f = factor from 

linear regression. 

Sensitivity was improved as in section 2.3.2. 

2.3.4. Phosphate Analysis 

Analysis of phosphorus in water is based on the 

photometric measurement of 12-phosphormolybdate or the 

phosphormolybdenum blue species produced when 

phosphormolybdate is reduced [5]. Under acid conditions, 

orthophosphate ions react with molybdate ions in presence of 

antimony catalyst to form antimony-phosphorous-molybdate 

complex. This complex is then reduced to 

phosphormolybdate blue by ascorbic acid. The absorbance of 

the blue compound is easily determined with accuracy using 

spectrophotometer. Since nitrite concentrations over 1 mg/L 

generate bleaching of the complex colour, amidosulfonic acid 

was added to minimise the effect [23]. 

Solutions for the analysis of phosphates were prepared as 

follows: solution 1 was prepared by diluting sulphuric acid 

(192 mL) distilled water (300 mL) while stirring. The 

solution is then kept cool at 20°C. Ammonium molybdate 

solution (solution 2) was prepared by dissolving ammonium 

heptamolybdate-4-hydrate (16.7 g) in distilled water (200 

mL). Potassium antimony tartrate (solution 3) was prepared 

by dissolving potassium antimony (III) oxide tartrate hydrate 

(0.471 g) in distilled water (100 mL). Ascorbic acid was 

prepared by dissolving L (+) ascorbic acid (20 g) in distilled 

water (300 mL). A working mixed reagent was prepared by 

adding amidosulfonic acid (1.33 g/100 mL) to solution 1 

followed by solutions 2 and 3. Standard phosphate stock 

solution was prepared by dissolving potassium hydrogen 

phosphate (4.3935 g) in distilled water (1000 mL). Working 

solutions of the phosphate standard were prepared by diluting 

the stock solution. 

To a filtered water sample (50 mL) in the Erlenmeyer flask 

(100 mL), mixed reagent (1.5 mL) was added. Then, ascorbic 

acid solution (0.75 mL) was added and the resulting mixture 

was left to stand for 6 minutes. The absorbance of the 

resulting solution was measured at either 800 or 890 nm. 

Blank samples were prepared using distilled water for zero 

adjustment of the spectrophotometer. Calibration curve was 

prepared by making a series of standards with 5 different 

concentrations in a proper range derived from the phosphate 

working solution. A plot of concentration versus measured 

absorbance resulted to a straight line that enabled the 

calculation of the linear regression factor (f) from calibration 

curve. Concentrations of phosphates in the water samples 

were calculated by: 

C (mg/L PO4-3) = fxA                            (16) 

where C = Concentration of PO4
-3

in mg/L in the sample, A = 

measured absorbance in water sample, f = factor from linear 

regression  

Sensitivity was improved as in section 2.3.2. 

2.4. Analytical Quality Assurance  

The analytical as well as quality assurance and quality 

control, QA/QC, procedures were used throughout the 

analytical steps. Blanks and recovery tests were determined 

to check for the accuracy of the method and reliability of the 

results obtained. Blanks were subjected to similar treatments 

like normal samples during the analytical process. 

2.5. Data Analysis  

Means and standard deviations (STD) of the data obtained 

were appropriately determined. Further analysis using 

Pearson Correlation, Principal Component Analysis (PCA) 

and Student’s t-test were performed. PCA was used to 

evaluate differences and elucidate the relationships between 

various parameters. Pearson correlation and PCA were 

performed using Statistical Package for Social Sciences 

(SPSS, v. 20) for Windows and t-test was determined using 

Microsoft excel 2007. The findings were presented in form of 

tables and figures as shown in the next section. 

3. Results and Discussion 

3.1. Rainfall Trend 

The mean annual rainfall data in the Great Ruaha basin are 

given in Fig.4. The rainfall data showed an irregular trend 

with most rainfall data being above the average value of 600 

mm for the period between 1958 and 1996. However, from 

1997 to 2004 there has been a decreasing trend to 320 mm in 

2000 and then increasing to 770 mm in 2004 (Fig.4). Reports 

have shown that the average rainfall for year 2013 from two 

stations in the Great Ruaha basin was 445.4 mm at Msembe 

and 741.9 mm at Iringa Maji, indicating a decrease change of 

88.4%at Msembe and increase change of 106% at Rufiji Maji 

[15]. This fluctuating rainfall in recent years and could have 

an impact on the nutrient dynamics in the GRR. 

3.2. Levels of Nutrients in the Great Ruaha River 

3.2.1. Ammonia 

Observed levels of ammonia were low in the GRR and 

tributaries and high at the Mtera area, probably due to 

cumulative effect. The levels at Ruaha Mbuyuni was more or 

less the same as the levels in the tributaries (Fig. 5). 

Relatively high levels of ammonia in aqueous environments 

are not usually observed due to the nitrification process by 

Nitrosomonas species to form nitrite and then by Nitrobacter 

species that convert the nitrite to nitrate [1]. The overall 

nitrification equation is: 
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Figure 4. Mean annual rainfall data for the Great Ruaha Basin (1958 – 2004). 

 
Figure 5. Concentration of NH3-N (mg/L) in the Great Ruaha River and its tributaries. 

Generally, the ammonia levels in rivers are less than 6 

mg/L. In presence of good amount of oxygen, favourable 

temperature, favourable pH (acidic condition) and microbial 

population, the levels of ammonia in a given area will always 

be low [1]. The ammonia levels observed in the study were 

generally low as expected, despite the fact that levels in 

Mtera were slightly higher than in other stations. This is 

probably due to the favourable conditions for microbial 

growth in the area. Furthermore, volatility of ammonia 

increases with increasing temperature [9]. Therefore with the 

high temperatures of the tropical GRR, it is not surprising to 

observe low levels of ammonia in the area. The observed 

ammonia levels were generally lower than the set standard 

criteria of 0.05mg/L [26] in the upstream and higher than the 

set value in the Mtera dam. The ammonia levels in the Mtera 

were even above 1.0 mg/L, which is indicative of suspicious 

recent pollution from surrounding areas.  

3.2.2.Nitrite 

Nitrite levels were detected only in Mswiswi and Luwosi 

tributaries of the GRR in the upstream and in the Mtera and 

Ruaha Mbuyuni in the downstream (Fig.6). In other areas the 

levels were below the detectable amount. High levels were 

observed in the Mtera as compared to other sampling stations. 

Nitrite occurs either in the reduction process of nitrate or 

in the conversion of ammonia to nitrate. Hence, in 
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oxygenated surface water, there is little nitrite present and 

nitrite concentrations are generally below 0.5 mg/L NO2
-
-N 

because it is readily oxidised to nitrate. High concentrations 

of nitrite are usually linked to microbial activity, but they 

may also indicate polluted water [11]. The observed levels of 

nitrite were higher at the Mtera Dam and lower in river 

tributaries. This is indicative of the increased biological 

activities at the Mtera area particularly Nitrosomonas bacteria 

that tend to increase nitrite amount in the water. However, the 

high concentration levels observed in the Mtera samples were 

still below the recommended set values of 3 mg/L for nitrite 

in water, which is equivalent to 1 mg/LNO2
-
-N [27].  

3.2.3. Nitrate 

Slightly high levels of nitrates were observed in the 

Mswiswi and Lunwa tributaries of the GRR. In other 

tributaries (Mambi, Meta, Chimala, Kimani, Igawa and 

Mbarali), the levels were low. The levels were even lower in 

the Little Ruaha but generally high in the Mtera dam and 

slightly low at Ruaha Mbuyuni (Fig. 7). This trend indicate 

that the levels were increasing from the tributaries to the 

main river as observed by the high concentrations of nitrate 

in the Mtera dam. However, there is a decrease at Ruaha 

Mbuyuni indicating some changes in land cover soil type, 

groundwater level and land use. High concentrations of 

nitrate are associated with carbonate-type soils, shallow 

groundwater, and increased use of the land for agriculture 

[11]. The high levels of nitrate in the GRR could be due to 

presence of carbonated soils as well as increased 

anthopogenic activities [28] i.e. agricultural use of the land. 

The observed levels of nitrate the Mswiswi and Lunwa 

Rivers and in the Mtera dam could be indicative of 

anthropogenic activities on the upstream of the River. 

Fortunately, the anthropogenic contribution of the pollutant is 

still not so large to pose any potential environmental impact. 

Nitrate is the most common contaminant of water. When 

present, nitrate does not volatilise, and it is likely to remain 

in water until consumed by plants or other organisms. 

Because of its stability and solubility, elevated level of nitrate 

in water may also indicate the presence of other contaminants, 

microbial pathogens and pesticides [11]. While nitrate 

concentration in deep seawater and natural unpolluted 

groundwater is usually below 0.05 mg/L NO3
-
-N, the 

concentrations in shallow groundwater and surface streams 

range from less than 0.1 mg/L NO3
-
-N to 20 mg/L NO3

-
-N 

[27] depending on soil type, land use practices and depth. In 

areas of high anthropogenic impacts, the levels can be as 

high as 30 mg/L NO3
-
-N. This implies that although nitrate 

and nitrite are naturally occurring forms of nitrogen, elevated 

levels in aquatic systems usually result from human activities 

[11]. The observed nitrate levels in the GRR ranged from 

0.01 mg/L at Meta River to 0.51 mg/L at Mswiswi River. The 

levels of nitrite and nitrate were both less than 1 mg/L, 

indicating no agricultural contamination from either 

fertilisers or seepage [25]. The observed levels in the area are 

within the ranges of nitrates naturally occurring in surface 

water, indicative of a natural source. The United States 

Environmental Protection Agency (US EPA) and Health 

Canada have set a maximum (allowable) contaminant level 

(MCL) of 45 mg/L (equivalent to 10 mg/L NO3
-
-N) for 

nitrates in drinking water [1], [26]. The results indicate that 

NO3
-
-N levels observed in the GRR are lower than the US 

EPA and Health Canada set standards. 

 
Figure 6. Concentration of NO2

--N (mg/L) in the Great Ruaha River and its tributaries. 
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Figure 7. Concentration of NO3

--N (mg/L) in the Great Ruaha River and its tributaries. 

 
Figure 8. Concentration of phosphate (mg/L) in the Great Ruaha River and its tributaries. 

The removal of dissolved forms of the nitrogenous 

compounds is regulated by various biogeochemical reactions 

in soil and overlying water column. The relative rates of 

these processes are affected by physicochemical and 

biological characteristics of the soil and water column as well 

as the organic substrates present [4]. Humans have a direct 

impact on nitrogen inputs to terrestrial systems mainly by 

increasing the productivity and area sown with addition of 

fertilisers and growing of N2-fixing legume crops and 

pastures. Anthropogenic sources of nitrate and nitrite include 

intensive use of chemical nitrogenous fertilisers, improper 

disposal of plant and animal waste, municipal and industrial 

wastewater discharge, sewage disposal systems and landfills. 

In the GRR, agriculture is the largest contributor to the 

pollution of water because of the use of nitrogen fertilisers 

and also because of the influx of livestock in the area, which 

produces a great amount of manure as observed in a similar 

study [11]. As a result of the increased anthropogenic 

pressures in the GRR, the levels of nitrogenous nutrients in 

water may pose a threat in the future. 

3.2.4. Phosphorus 

The observed phosphorus levels in the GRR and its 

tributaries followed an irregular trend. Highest phosphate 

levels of 79.11 mg/L were observed at the Lunwa River and 
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lowest levels of 11.31 mg/L were observed at Kimani River 

(Fig. 8). Slightly higher levels were observed in Mbarali, 

Little Ruaha, Mtera and Ruaha Mbuyuni. 

Many phosphate compounds are not very soluble in water; 

therefore, most of the phosphate in natural systems exists in 

solid form. However, soil water and surface water (rivers and 

lakes) usually contain relatively low concentrations of 

dissolved (or soluble) phosphorus [10]. Depending on the 

types of minerals in the area, bodies of water usually contain 

about 10 µg/mL or more of dissolved phosphorus as 

orthophosphate [7]. The observed levels in the GRR were 

higher than the expected values probably due to land use near 

the tributaries [7] and absence of Ca, Mg, Al and Fe minerals 

in the soil that can react with the phosphate in water forming 

solid compounds that are relatively available for plants [8]. In 

addition, there are probably favourable anaerobic (reducing) 

conditions that reduce the insoluble Fe
3+

 that can adsorb the 

phosphate to soluble Fe
2+ 

thereby increasing the phosphate 

levels in the aqueous medium [25]. The observed high levels 

of phosphate in the waters of the GRR might be due to the 

reducing conditions that exist in the area. 

3.3. Nutrient Source Analysis by Principal Component 

Analysis (PCA) 

Multivariate analysis can be used to identify similarities 

and differences between nutrient pollutants in samples as a 

means to detect possible sources. In order to determine the 

relationship between nutrients, PCA after varimax rotation 

was employed. A principal component (PC) was considered 

significant when its eigenvalue was greater than 1. The 

measured nutrient values were used as variables (total 4), 

with the concentrations of the nutrients in the different 

sampling stations as objects (total 64). The results of the PCA 

analysis are presented in Table 2. Based on the loading 

distribution of the variables, the PCA results indicated that 

the variables can be represented by two principal components 

that accounted for 79.3 % of the total variance in the original 

data sets (Fig.9). 

Table 2. Rotated Principal Component (PC) Matrix. 

 
Principal Component (83.9%) 

PC 1 (44.8%) PC 2 (39.1%) 

nitrite 0.920 0.139 

Ammonia 0.907 -0.071 

Phophorus -0.192 0.891 

nitrate 0.291 0.863 

As we could expect, ammonia, nitrite and nitrate 

constituted one related group (PC 1), while the phosphate and 

nitrate formed the other group (PC 2). This clearly indicates 

that the sources of the ammonia and nitrite on one hand differ 

from that of phosphate and nitrate in the other. This is 

evidenced by the positive correlation between ammonia and 

nitrite (r
2 

= 0.70, p = 0.01) and positive correlation between 

nitrate and phosphate (r
2
 = 0.55, p = 0.03).  

 
Figure 9. A two-dimensional score pot of the nutrients in the Great Ruaha River. 

Fig. 9 clearly indicates that ammonia and nitrite have a 

common source, different from that of phosphorus and nitrate 

as expected. In addition, PCA indicate that the nitrite and 

ammonia are so closely related to each other than to nitrate, 

indicating probably that most nitrite originate from the 

nitrification of ammonia than the denitrification of nitrate. In 

addition, existence of nitrate and phosphate in the same PC 

clearly indicate that these nutrients have the same source. In 

the GRR, this could probably be fertiliser application in 

agricultural fields. 
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4. Conclusion 

Ammonia, nitrite, nitrate and phosphate nutrients in water 

from the GRR and its tributaries and their source have been 

determined.The findings have indicated that the nutrients in 

the basin originate from natural source. However, application 

of fertilisers in agriculture has been identified as a potential 

anthropogenic source in the future. As a result, increasing 

agricultural and livestock activities in the basin as aggravated 

by the increasing population can pose a threat on the future 

nutrient dynamics in the GRR basin as a whole.  
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