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Abstract: This study was carried out to assess the diversity of microalgae of a salt mine in Nasarawa 

State, Nigeria as influenced by salinity with a view to investigating and documenting the microalgae 

that are tolerant to salinity in this area. Water samples were collected randomly from three different 

locations on the salt mining site at about 5 cm below the water surface. The chemical properties 

(including the organic carbon, Nitrogen, Phosphorus, pH, Na, Ca, Mg) of the water samples were 

determined using standard methods. Microalgae types were identified by microscopic examination. 

Eight different species of microalgae belonging to four families were identified in all the three 

sampling locations. Bacillariophyceae has the highest percentage proportion. All the salt mining sites 

have high total dissolved solid, Organic Carbon, Nitrogen and available Phosphorus. The pH of the site 

ranges between 7.12 – 7.88. It was concluded that the water of Awe salt mining site has high level of 

salinity because of high electrical conductivity ranging between 10240 – 3950 µS/CM with low 

nutrient composition. The abundance of Bacillariophyceae particularly Pleurosigma spp at all the 

sample locations is an indication that the microalgae observed are tolerant to salinity despite the low 

nutrient. 

Keywords: Anthropogenic pollution; Awe salt mining; Bacillariophyceae; Bio-indicator; Hydrology; 

Nasarawa State; Microalgae; Nutrient toxicity; Salinity.  

Corresponding author: G.F. Akomolafe: gfakomolafe@yahooo.com   

Cite this article as: Akomolafe, G.F. and K.C. Onwusiri. 2017. Assessment of microalgae diversity and water 

salinity of a salt mine, Nasarawa State, Nigeria. Journal of Environmental and Agricultural Sciences. 10: 78-83. 

Copyright ©  

Akomolafe and Onwusiri, 2017 

This is an open access article distributed under the terms of the Creative Commons 

Attribution License, which permits unrestricted use, distribution, and reproduction in 

any medium provided the original author and source are properly cited and credited. 

1 Introduction 
Microalgae species have been sources of food and 

habitat for various kinds of animals in many coastal 

waters (Duarte and Cebrian, 1996; Cebrian et al., 

2009). Ability of microalgae to show predictable and 

strong response both in terms of density of species 

and as well as their biochemical composition, 

productivity and growth rate under a wide range of 

aquatic conditions (Renaud et al., 2002; Henley et al., 

2002; Parida and Das, 2005; Coltelli et al., 2014) 

make them a valuable ecosystem indicator (Burger, 

2006; Parmar et al., 2016).  

Short lifespan (6 to 8 weeks), generation times 

(few hours to few days) and nutrient requirements 

make them the very first biological organism to alter 

their composition and diversity in response to 

changing water quality (Cloern et al., 2013; De’ath 

and Fabricius, 2010). Any disturbances at first trophic 

level can magnify at upper trophic levels (Bartell, 

2006; Cebrian et al., 2009; Coltelli et al., 2014).  

The high accumulation of nutrients in many 
estuaries and enclosed bays may encourage the rapid 

and persistent growth of microalgae species thereby 

resulting in the development of blooms which are 

destructive to marine ecosystem and consequently 

have serious environmental and health implications 

(SEQHWP, 2010; Masmoudi et al., 2015). Among 

the vital abiotic stressors which influence an 

ecosystem salinization is most important (Nam et al., 

2017). Salinization of water bodies, including streams 

and rivers, is of great ecological concerns, which is 

further intensified by changing climatic conditions 

and anthropogenic activities (Cañedo-Argüelles et al., 

2013; Cañedo-Argüelles et al., 2016; Kefford et al., 

2016). 

 Algal bloom followed by their death and 

subsequent decomposition of enormous quantity of 

organic cause depletion of available oxygen in water, 

leaving other organism to die under oxygen deficient 

conditions (Burkepile and Hay, 2006). Water analysis 

to determine density and diversity of algal species 

serves as early warning signal of deteriorating aquatic 

environment (Singh et al., 2013). 
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Fig 1: the map of Nasarawa State showing Awe town (Source: www.google.com) 

Diatoms have been described as the major 

photosynthetic micro-algae that mostly dominate 

every aquatic environment. They are grouped in the 

class Bacillariophyceae and two orders centrales and 

pennales. They are also the principal contributors in 

phytoplankton communities in some parts of the 

world (Tomas, 1997; Raghavan et al., 2008). 

Algal attributes exhibited strong physicochemical 

gradient along the water quality gradient and 

subsequently species abundance potentially decreased 

or increased with the variations in water quality 

(Andrei et al., 2015; Fabricius et al., 2005). A number 

of researches have reported ecological factors 

including light, nutrients, temperatures, pH and 

salinity as mostly influencing the biochemical 

composition, productivity and growth rate of 

microalgae (Renaud et al., 2002; Henley et al., 2002; 

Parida and Das, 2005). However, many microalgae 

species have been documented as tolerant to great 

degrees of salinity (Fabregas et al., 1984; Garcia et al., 

2012; Ganguly et al., 2013; Jiang et al., 2011; Pal et 

al., 2011). Such species showed overrepresentation of 

gene families regulating biosynthetic process, nutrient 

utilization and biomass under stressful environment 

(Radakovits et al., 2012).  

A study of phytoplankton in Saminaka reservoir, 

Northern Nigeria was carried out by Tanimu et al., 

(2011). Their observation showed that 

Bacillariophyceae had the highest occurrence while 

Euglenophyceae had the lowest occurrence and these 

had significant relationship with the physico-chemical 

characteristics of the water in the reservoirs. 

This salt mine is located in Awe town which 

belongs to Awe local government area in Nasarawa 

State (home of solid minerals), North-Central Nigeria. 

This town is production site of salt both from soil and 

water bodies (Aderoju and Akomolafe, 2013). The 

town has an area of 2,557 km² with population of 

about 0.112 million. Some of the data from previous 

work done on this site only focused on the salinity of 

the soil and diversity of terrestrial higher plants 

(Aderoju and Akomolafe, 2013). There is paucity of 

information on the water chemical properties and 

diversity of microalgae of this mining site as 

influenced by salinity, hence this study aimed at 

investigating this. This paper also reveals the 

microalgae that are tolerant to higher degree of 

salinity. 

2 Materials and Methods 
2.1 Study location 

The study site is located between longitudes 

9°08'09, 50" E and latitudes 8°09'29, 06" N (Fig 1). 

2.2 Sample Collection 

The water samples were collected randomly using 

vendor water sampler from three different locations 

from the salt mining site of Awe, Nasarawa State, 

North-Central Nigeria at a depth of about 5 cm from 

the water surface. The three different locations are 

labeled A, B and C respectively. The three collection 

points were chosen at random on the salt mining site. 

The collection was done towards end of the rainy 

season. 

2.3 Assessment of the Microalgae diversity 
Microalgae types were observed through the 

digital compound microscope. The type, morphology 

and percentage occurrence of these plants were 

determined at each collection points. The relative 

abundance of the identified phytoplankton from each 

collection point was determined following the 

methods described by Bongers et al (1988) and 

Kayode (1999).  
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Table 1: Relative abundance of microalgae identified at all the sample locations 

Name of identified Species Location (s) 

found 

Family name Type of Plant Overall Relative 

abundance 

Eunophora spp  A Bacillariophyceae A diatom Occasional 

Pleurosigma spp A, B and C Bacillariophyceae Pennate diatom Very abundant 

Rhizosolenia spp A, B and C Bacillariophyceae Pennate diatom Very abundant 

Odontella aurita A, B and C Bacillariophyceae Centric diatom Very abundant 

Anabaena spp A and B Cyanophyceae Blue-green algae Frequent 

Spirogyra spp A Chlorophyceae Green algae Very abundant 

Euglena spp A, B and C Euglenophyceae Euglenoid Abundant 

Volvox aureus A, B and C Chlorophyceae Green algae Frequent 

 

 
Fig 2: Proportion (%) of families of microalgae 

observed at the salt mining site 

2.4 Chemical Analysis 

The pH (Crockford and Norwell, 1956), electrical 

conductivity (EC) (Rayment and Higgison, 1992), 

organic carbon (OC) (Walkley and Black, 1934), 

nitrogen (N) (Jackson, 1958) and available 

phosphorus (P) (Bray and Kurtz, 1945) of the water 

were determined. Leaching method was used to 

determine Potassium (K), Sodium (Na), Calcium (Ca) 

and Magnesium (Mg). Exchangeable sodium 

percentage (ESP) of water was calculated as 

described by Mohsen et al., (2009):   

 

 
Where: Exchangeable cations (CEC) = Na + Ca + K 

+ Mg. 

 
2.5 Statistical analysis 
All quantitative data were subjected to non-

parametric test (Chi-Square analysis) for significance 

difference at α ≤ 0.05 using SPSS software version 17. 

Table 2: Total dissolved solid (TDS), organic carbon 

(OC), nitrogen (TN) and available phosphorus (AP) 

in the water 

Sample 

location 

TDS OC 

(%) 

N 

(%) 

AP 

(ppm) 

A 2630 0.399 0.07 2.32 

B 7520 0.40 0.07 2.14 

C 6810 0.30 0.14 2.08 
The values of TDS, OC, TN, AP are significantly different (α 

≤ 0.05) across the three locations 

3. Results  
Eight different species of microalgae belonging to 

four families were identified in all the three sampling 

locations (Table 1). Bacillariophyceae has the highest 

percentage proportion across the three locations while 

Euglenophyceae and Cyanophyceae have the lowest 

and equal percentage proportions (Fig. 2). 

The results of the total dissolved solid (TDS), 

organic carbon (OC), percentage N and available P 

(AP) is shown in Table 2 below. The highest TDS 

and OC values were observed at location B while 

location C had the lowest. Location C has the AP was 

observed at location A. Invariably, all the salt mining 

sites have high TDS, OC, N and AP. Also, the highest 

exchangeable cation (CEC) was observed in location 

A while location B had the lowest (Table 3). 

The values of the pH, electrical conductivity (EC), 

ESP and SAR are displayed in Table 4. For the water 

pH, the location A had the lowest pH (7.12) whereas 

location B had the highest pH (7.88) which is slightly 

alkaline.  
Table 3:  The exchangeable cations in water samples 

Sample 

location 

K
+ 

(ppm) 

Na
+ 

(ppm) 

Ca
2+

 

(ppm) 

Mg
2+

 

(ppm) 

A 0.00 224.00 12.93 14.15 

B 0.00 86.00 21.01 23.31 

C 0.00 196.00 13.43 25.22 
The values of Na, Ca, Mg are significantly different (α ≤ 0.05) 

across the three locations. 
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Table 4: The conductivity of the water samples  

Sample 

location 

pH 

(H2O) 

EC 

( µS/CM) 

ESP SAR 

A 7.12 3950 89.21 16.54 

B 7.88 11300 65.99 3.88 

C 7.31 10240 83.54 10.14 
The values of pH, EC, ESP, SAR are significantly different (α 

≤ 0.05) across the three locations 

The lowest EC (3950) is observed at location A 

while location B had the highest (11300). 

Furthermore, the highest ESP and SAR were 

observed in location A while location B had the 

lowest. The values of pH, EC, ESP and SAR in all the 

sampling locations were all significantly different. 

4. Discussion 

As reported by Aderoju and Akomolafe (2013) 

that the soil at this mining site had reduced OC, N 

and P as a result of the salinity of the site, similarly, 

the OC, N and AP of water in all the locations are 

also low. Moreover, high values of EC, ESP and SAR 

can be attributed to the high levels of CEC observed 

at the salt mining locations. The electrical 

conductivity which is refer to as ability of water to 

conduct electric current is a function of the total 

amount of salt (ions) dissolved in the water (Boyd 

and Frobish, 1998). Therefore, the higher EC 

observed at all the locations in the salt mining site 

may be attributed to high level of salinity in this area.  

According to Abubakar and Abdullahi (2015), the 

nature of sediment always affects the concentration of 

nutrient (a function of Nitrate) in water body. From 

this work, the nitrate concentrations of all the 

locations are lower than the WHO and FEPA 

recommended level of 45 ppm. This could explain the 

reductions in the number and diversities of 

microalgae observed in all the study locations. 

However, the abundance of some members of 

Bacillariophyceae in all the salt mining locations 

could be attributed to their tolerance for high level of 

salinity of the areas. Also, the presence of Eunophora 
spp and Spirogyra spp in location A only could be as 

a result of the lower salinity in this location compared 

with the other locations which are far higher in 

salinity. This suggests that the two species of 

microalgae are not tolerant to higher salinity range. 

Similarly, the abundance of Cyanophyceae, 

Chlorophyceae and Euglenophyceae in an aquatic 

environment has been regarded to be an indication of 

the high level of organic pollution and deterioration 

in such water bodies (Odhiambo and Gichuki 1998; 
Tanimu et al. 2011; Mohammad and Saminu 2012) 

which is contrary to this report. However, this work 

agrees with Potapova, (2003) who reported that some 

species of microalgae are more likely tolerant to 

higher salinities while others grow maximally at 

lower conductivities. Masmoudi et al., (2015) also 

reported halotolerance in species of Chlorophyceae 

and Cyanophyceae in the saltiest ponds of Sfax 

saltern (Tunisia). They further proposed secondary 

influence of N and P ions on dynamics and 

distribution of phytoplanktons.  

5. Conclusion 

Conclusively, the water of Awe salt mining site 

has high level of salinity with low nutrient 

composition. The abundance of these different 

microalgae, Pleurosigma spp, Rhizosolenia spp, 

Odontella aurita, Volvox aureus and Euglena spp at 

all the sample locations is an indication that they are 

tolerant to salinity despite the low nutrient.  
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