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Abstract: The River Niger serves a multitude of purposes for the Nigerian populace. It is a source of drinking 

water, hydro-electric power generation, irrigation, transportation and fishing other uses. A segment of the 

lower Niger River was surveyed for physico-chemical characteristics of water and phytoplankton abundance 

during two (2) months of dry season and two (2) months of wet season using standard methods. In the five 

sampling stations surveyed, Surface Water Temperature, Turbidity, Dissolved Oxygen, PO4-P and pH did not 

statistically significantly vary between the stations (P>0.05), whereas BOD and NO3-N varied statistically 

significantly between the stations (P<0.05). Phytoplankton abundance showed the following order of 

abundance: Bacillariophyta > Cholorophyta > Cyanophyta > Chrysophyta > Pyrrophyta. Based on Shannon-

Weiner diversity index, the water in the 5 stations surveyed is classified to be moderately polluted. The results of 

this survey has shown that the multitude of users of the Lower Niger River have negatively impacted its water 
quality. 
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I. Introduction 
The River Niger (originally called ‗egerou n-igerou‘ by the Tuareg  meaning ‗river of rivers) is a trans-

boundary river, originating from Guinea, flowing through Mali, Niger, forming the border with Benin and 

discharging into the Atlantic Ocean in Nigeria [1, 2]. The name Nigeria was derived from the name of the River 

Niger and it is the biggest river in the country which sustains remarkable biological communities. The river 

harbours 36 families and nearly 250 species of freshwater fish, out of which 20 are found nowhere else on Earth. 
Eleven (11) of the 18 families of freshwater fish that are endemic to Africa are represented in the Niger River 

[2].  

The River Niger is a source of drinking water, hydro-electric power, irrigation, transportation, fishing 

among a number of other uses. Human activities have been implicated to impair water quality, sometimes to 

unacceptable limits [3 and 4]. 

Phytoplankton are microscopic aquatic plants, occurring as unicellular, colonial or filamentous forms, 

without any resistance to currents and are free-floating or suspended in the open waters [5].  

They are important water quality indicators because of their short life cycles, and ability to 

respond to environmental changes, hence, their standing crop and species composition indicate the quality of 

water [6, 7, 8 and 9]. Previous works on the use of phytoplankton as water quality indicators include [10, 11, 12, 
13, 14 and 15]. 

This study was carried out to evaluate the impact of human activities on the water quality status of the 

lower Niger River in Kogi State using physico-chemical characteristics and phytoplankton as indicators. 

 

II. Materials and Methods 
2.1 Study Area 

The study was carried out in the portion of the lower River Niger that falls in Lokoja (7°48‘N, 7°28‘N) 

and Ajaoukuta (6°45‘E, 6°41‘E) Local Government Areas of Kogi state. The wet season begins mostly in the 

late April and ends in the late October. Lokoja is the confluence townof the Rivers Niger and Benue.       
Sampling was carried out in two months of dry season (March and April, 2011) and two months of wet season 

(May and June, 2011). Water samples were collected from five different sampling stations on the lower Niger 

River. Two sampling points were selected upstream (before the confluence) namely- RN1 (Kpata)  (7°011‘ N, 

6°012‘E), RN2 (Adankolo)  (7°012‘N, 6°013‘E), one at the confluence of rivers Niger and Benue 

(RN3)(7°012‘N, 6°012‘E) and two downstream (after the confluence) namely- RN4 and RN5 (Ganaja area) 

(7°013‘N, 6°012‘E and 7°014‘N, 6°013‘E respectively).  

Between the confluence and the two sampling stations upstream is a major stream known as ―Memeh‖ 

that empties into the river. The sampling stations upstream is characterized by heavy human activities as 

compared to the sampling stations downstream and the stations are located some few meters away from the river 

bank. 
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2.2 Physico-chemical Parameters 

Physico-chemical parameters of water were analyzed once a month from March 2011 to June 2011. 

Surface water temperature was measured in situ using a mercury thermometer. pH was measured using HANNA 
instrument (pH/Electrical Conductivity/Temperature meter model 210). Dissolved oxygen (DO), Biological 

Oxygen Demand (BOD), Nitrate-Nitrogen (NO3-N), Turbidity and Phosphate-phosphorus (PO4-P) were 

determined by methods described by [16]. 

 

2.3 Phytoplankton Collection 

Phytoplankton was collected using conical shape plankton net of 20 cm diameter with a 50 ml 

collection vial attached to it [17]. Samples were collected at five sampling points. Phytoplankton was identified 

by consulting texts by [17] and Perry [18].  

 

2.4 Analysis of Parameters and Statistical Analysis 

 SAS package was used for the Analysis Of Variance (ANOVA) for the physicochemical 
characteristics and phytoplankton abundance. Means were separated using the Duncan‘s Multiple Range Test 

(DMRT). Paleontology Statistics version 18 (PAST) was used to determine the diversity of the phytoplankton 

between the divisions in each sampling station. 

 

III. Results 
3.1 Physico-chemical Characteristics 

The mean surface Water Temperature was 29.350C with a standard deviation of 2.10. The highest 

average temperature for the segment of the river studied was 310C while the lowest average temperature was 

210C (Table 1). Analysis of variance reveals that there was no statistically significant variation in Water 
Temperature between sampling stations and between months (P>0.05) (Tables 2 and 3). 

A circum-neutral pH was observed during the study period, with the highest average value of 7.50 and 

a lowest of 6.78. The mean ± SD for pH is 7.25 ± 0.23 (Table 1). This observed variation was statiscally 

significant between months (P < 0.05) but not between stations (P > 0.05) (Tables 2 and 3). 

 Mean Turbidity was highest in the month of March 101.60 JTU and decreased steadily to June (the last month 

of the study), with a value of 24.80 JTU. The variations in Turbidity varied statistically significant between 

months (P<0.05) and not between the stations (P>0.05).         

The highest NO3-N value recorded was 17.5 mg/L and a lowest of 1.5 mg/L with a mean ± SD of 5.15± 

4.71 mg/L (Table 1). Analysis of variance showed a statistically significant variation in the means between the 

sampling stations (P<0.05), but not between the months (P>0.05) (Tables 2 and 3). 

The mean DO value observed during the study was 8.2 mg/L with a SD of 0.55 mg/L. The highest and lowest 

DO values observed were 9.25 and 7.20 mg/L respectively (Table 1). Analysis of variance showed that there are 
no statistically significant variations between the sampling stations as well as between the months (P>0.05) 

(Tables 1 and 2). 

The BOD had a peak value of 2.5 mg/L, a lowest value of 0.10 mg/L and a mean± SD of 1.27 ± 0.76. 

Results from ANOVA showed that the observed variations were not significant between months (P>0.05) but 

were between sampling stations (P<0.05). 

PO4-P showed the highest monthly mean concentration of 2.40mg/L in June. This concentration was 

significantly higher than the concentration in other months (P<0.05) (Table 2). The highest mean concentration 

of 1.85 mg/L recorded at station 5 was not statistically significantly different with the values obtainedat the 

other sampling stations (P>0.05) (Table 3). 

 

Table 1: Summary Statistics of Physicochemical Characteristics of the lower River Niger   Kogi state 

Parameters Units Mean SD Minimum Maximum 

Water Tem. °C 29.35 2.1 21 31 

pH - 7.25 0.23 6.78 7.5 

Turbidity JTU 61.85 44.11 4.00 147 

PO4-P mg/L 1.49 0.76 0.33 3.3 

NO3-N mg/L 5.14 4.71 1.50 17.5 

DO mg/L 8.21 0.55 7.20 9.25 

BOD mg/L 1.27 0.76 0.10 2.50 
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Table 2: Mean values of the physicochemical characteristics at different months on the lower Niger River in 

Kogi state 

Parameters Water 

Temperature 

(
0
C) 

pH Turbidity 

(JTU) 

Dissolved 

Oxygen 

(mg/L) 

Biochemical 

Oxygen 

Demand 

(mg/L) 

NO3-N 

(mg/L) 

PO4-P 

(mg/L) 

March 29.40a 7.42 a 101.60a 8.34a 1.49a     
5.00a 

1.53b 

April 28.00a 7.40 a 95.60a 8.19 a 1.20a 7.18a 1.35b 

May 30.20a 7.30 b 25.40b 8.38 a 1.37a 5.36a 0.67c 

June 29.80a 6.87c 24.80b 7.95a 1.05a 3.02a 2.4a 

Means with different letters in each column are significantly different (P<0.05), a>b>c 

  
Table 3: Mean values of the physicochemical characteristics at the five sampling station on the lower Niger 

River 

Station Water 

Temperature 

(0C) 

pH Turbidity 

(JTU) 

Dissolved 

Oxygen 

(mg/L) 

Biochemical 

Oxygen 

Demand 

(mg/L) 

NO3-N 

(mg/L) 

PO4-P 

(mg/L) 

RN1 28.25a 7.32 a 42.75 a 8.73 a 2.24 a 4.65 b 1.10 a 

RN2 30.25 a 7.24 a 47.50 a 8.32 a 2.02 a 2.52 b 1.54 a 

RN3 30.00 a 7.26 a 90.25 a 8.15 a 0.68b 2.40 b 1.68 a 

RN4 29.25 a 7.22 a 67.25 a 7.97 a 0.74 b 11.87 a 1.27 a 

RN5 29.00 a 7.20 a 61.50 a 7.80 a 0.70b
 4.25 b 1.85 a 

  Means with different letters in each column are significantly different (P<0.05), a>b>c 
 

Table 3: Phytoplankton species observed in the lower Niger River 
Taxa (Relative Abundance) Taxa (RelativeAbundance) Taxa (Relative Abundance) 

Bacillariophyta 78% Chlorophyta 11.6% Cyanophyta 8.2% 

Achnanthes clevei Melosira sp.5 Actinastrum gracilum Anabaena sp.1 

Achnanthes chilensis Meuniera membranaceae Cerasterias staurastroides Anabaena  sp.2 

Amphipleura sp 1. Meuniera sp.1 Characium limneticum Anabaena sp.3 

Asteronella sp.2 Meuniera sp.2 Cosmarium sp. Aphanocapsa clachista 

Brachisira viteria Meridion circulare Eutetramorus fortii Aphanocapsa endoplaytica 

Cylindrotheca closterium Navicula ambigua Gonatozygon sp. Aphasiizomonen flos-aquae  

Cymbella similis Navicula gastrum Haematococcus lacustria Chrococcus limneticus 

Cymetopluera solea Navicula veneta Mougeotia scalaris Durvillia antarctica 

Diatoma actinastroides Navicula rhynococephala Mougeotiopsis calospora Merismopedia sp.. 

Dictyosolen fragilissmus Navicula convervaceae Pediastrum simplex Microcystis aeruginosa 

Dictyocha fibula Navicula sp.1 Pediastrum boryanum Microcystis sp.. 

Eunotia formica Navicula sp.2 Pediastrum duplex Nodularia spumignea 

Fragillaria crotonensis Neidium convectum Quadrigula closteriopsis Nodularia sp.. 

Fragillaria rumpens Nitzchia desipata Scenedesmus opoliensis Oscillatoris tenius 

Fragillaria sp.1 Nitzchia closterium Spirogyra crasa Oscillatoris princeps 

Fragillaria sp.2 Nitzchia filiformes Spirogyra sp.. Oscillatoris agardhii 

Fragillaria sp.3 Nitzchia sigmoidea Staurastrum s sp.1  

Fragillaria sp.4 Nitzchia denticulata Staurastrum sp.2 Pyrrophyta 2.2% 

Fragillaria sp.4 Nitzchia acicularis Ulothrix subconsticta Amphidinium sphenoides 

Guinard delicatula Nitzchia paradoxa Ulothrix zonata Ceratulinia pelagica 

Leptocylindricus danicus Nitzchia sigma Ulothrix cylidricum Micracanthodium claytonii 

Martyana martyi Nitzchia  palea Volvox aureus  

Melosira distance Ophiocytium parculum Volvox globotar  

Melosira granulata Pinnularia gibba Volvox sp.  

Melosira ikapoensis Pinnularia viridis   

Melosira italica Pleurosigma delicatula   

Melosira viriance Rhoicosphenia curvata   

Melosira sp.1 Stephanodiscus carconensis   

Melosira sp.2 Surirella angustata   

Melosira sp.3 Synedra sp.   

Melosira sp.4    

 

3.2 Phytoplankton Abundance and Diversity 

Diversity indices reveals that Bacillariophyta had the highest number of individuals (189) and taxa (22) 

at RN3 compared to the values obtained in the other sampling stations. RN1 had the highest value for Shannon 
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index (2.53) and Simpson index (0.89) compared to the values obtained at   RN2, RN4, RN3 and RN5. The lowest 

dominance was recorded at RN1 (Fig. 1, 2, 3, 4 and 5).  

Chlorophyta had the highest dominance at RN2, while Shannon index (1.91) and Simpson index (0.80) 
were highest at RN1. RN3 had the highest number of individuals (46) and taxa (12) (Fig. 1, 2, 3, 4 and 5).  

Cyanophyta had the highest number of individuals (24), Taxa (8) and Shannon index (1.81) at RN2. While the 

Simpson index (0.81) was highest at RN2 and RN4 and RN1 had the highest dominance (0.36) (Fig. 1, 2, 3, 4 and 

5). For Chrysophyta, the highest number of individuals (12), taxa (3), Simpson index (0.56) and Shannon index 

(0.96) was obtained at RN2. 

 

IV. Discussion 
  The lack of statistically significant variation in water temperature between stations and months 

observed on the lower Niger River may be due to the reason that the sun is around the tropics during the 
sampling duration (March-June). Temperatures in the tropics have been reported not vary statistically 

significantly between the seasons. Similar results have been report by [4 and 11]. 

 The Statistical significant difference in the mean pH value between the months of the dry season and 

those of the wet season could be the dissolution of CO2 by rain water thus lowering the pH during the wet 

season. The lack of significant statistical variation between station might be due to relatively high alkalinity 

concentration, which is effective as a buffer to fluctuation of pH which might be caused by introduction of waste 

water, photosynthesis and other metabolic processes [10].The hydrogen ion concentration was within the range 

of inland waters (pH 6.5 to 8.5), as reported by [19]. [20] reported a pH range of 6.09 to 8.45 as being ideal for 

supporting aquatic life including fish.  

  Thus, the pH range obtained in this study is within acceptable level of 6.0 to 8.5 for culturing tropical 

fish species [21 and 22] and or the recommended level for drinking water [23]. The statistically significant 
variation in the mean turbidity between the months of the dry season and those of the wet season may be 

attributed to introduction of silt into the river by rain water. The lack of statistical significant variation between 

stations could be due to the mixing of the fast flowing water as it moves downstream. High turbidity has a 

corresponding low primary productivity, because urbidity reduces the amount of light penetration which in turn 

reduces photosynthesis and hence primary productivity [16 and 24]. 

The mean values of PO4-P were found to be above expected concentration range of natural unpolluted 

waters of 0.090 mg/L [25]. Land use around riverine areas in Nigeria is predominantly for farming [26]; this 

could be a possible explanation for the high levels of PO4-P that may result from run-offs during rainy season as 

observed in this study. The high mean values of PO4-P in the months of March and April could be due to 

concentration effects because of reduced water volume; this corresponds to the work of [27]. The high mean 

values could also be due to lower water hardness thus, less co-precipitation of phosphate with calcium 

carbonate, a phenomenon that has often been reported to occur in many fresh water lakes [28 and 29].  
   The mean values for NO3-N were also found to be above expected concentration range of natural 

unpolluted waters of 0.1 mg/L [25]. High nitrate levels (> 1mg/L) are not good for aquatic life (Johnson et al., 

2000). The high level of nitrate observed is in line with the findings of [30], who concluded that nitrate are 

usually built up during dry seasons and that high levels of nitrates are only observed during early rainy season 

which correspond to the period of the research work. The statistical significantly higher concentration of NO3-N 

in station 4 in comparison to the other stations might have been due to human activities such as irrigation near 

the river, discharge of domestic sewage and other organic waste material into the river at that station. The mean 

values for NO3-N was observed to be below the maximum permissible limit of 50mg/L for drinking water by 

the WHO. 
 

 
Fig.1: Number of Taxa of Algal Divisions in the lower Niger River  
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Fig.2: Phytoplankton abundance (number of cells/L) in the lower Niger River 

 

 
Fig.3: Dominance of Algal Divisions in the lower Niger River 

 

 
Fig.4: Shannon-Weiner diversity index of Algal Divisions in the lower Niger River 

 

 

 
Fig.5: Simpson‘s index (Evenness) of Algal Divisions in the lower Niger River 
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source, temperature, chemical and biological process taking place in a water body. The observed means of DO 

in the lower Niger River corresponds to the study made by [32]. 

 The high means of DO might be due to abundant oxygen contributed by plants during photosynthetic 
activity, which contributed in oxygenating the water column and at the same time reducing respiration by 

aquatic organism and decomposition process at the river bottom [33]. The DO concentration was found to be 

within the 5mg/L to 9mg/L limit for drinking water [25]. 

 The mean BOD values of stations 1 and 2 of the lower Niger River were above 2 mg/L and their 

statistically significant difference with the three other stations downstream may be attributed to the observed 

human activities such as washing, dumping of refuse and sewage into the river channel. Based on classification 

of aquatic bodies, unpolluted (BOD <1.0mg/L), moderately polluted (BOD <10.0mg/L) and heavily polluted 

(BOD >10.0mg/L) [34 and 35]. BOD above 1mg/L is associated with waste water contamination [25]. 

   Bacillariophyta have been reported by many authors to be dorminat in the phytoplankton composition 

as it is in the present study [19, 36, 37, and 39]. Chlorophyta was the second group after Bacillariophyta in the 

number of identified species, these result also agree with study on Grand River in Oklahoma by [39 and 40]. It 
is also in agreement with other studies in Iraq [19 and 41]. Cyanophyta was present by 65 individual most of 

which were recorded in the month of June, these result corresponds to other studies [42 and 43]. 

 The maximum occurrence of phytoplankton was in (May, 2011) and then decreased. This was also 

observed in temperate region [19 and 44]. And the maximum number of species was recorded at RN3 in the 

month of March, 2011. This may be due to available nutrients and other physical and chemical factors which 

promote growth of phytoplankton. While the minimum total number of phytoplankton species was recorded at 

RN4 which might be due to domestic discharge, effluents from run-off that empty into the river, this corresponds 

to the work of [39]. The differences in number of taxa and number of individuals between sampling stations for 

each class of phytoplankton may be due differences in temperatures and pH as different species obtain nutrition 

at different pH and temperatures.  

 [45] have suggested a relationship between species diversity and pollution status of aquatic system and 

classified as follows; > 3 = Clean water, 1-3 = moderately-polluted < 1 = Heavily polluted. Based on this 
classification, the lower Niger River in Kogi state is moderately polluted for Bacillariophyta, Chlorophyta and 

Cyanophyta but heavily polluted for Chrysophyta and Pyrrophyta. A similar classification was also used by [10 

and 46]. Simpson index gives the evenness of species distribution; the higher evenness in species distribution for 

Bacillariophyta, Chlorophyta and Cyanophyta may be an indication that the water quality was better to support 

the growth of most of the species observed. Similar classification was also used by [10]. 

 

V. Conclusion 
The activities around the catchment of the Niger River have significant effect on the water quality as 

indicated by the variations in physicochemical characteristics and phytoplankton diversity and abundance. 
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