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INTRODUCTION 
Algae are oxygen-evolving photosynthetic 
microorganisms that commonly grow in 
different aquatic environments, such as fresh 
and marine water and also wastewater 
sourcesfrom surface run-offs industrial and 
municipal wastewaters (Oswald et al., 1967). 
Some algae species also can grow on rocks, soils 
and plants due to adequate  amounts of  
Carbon (organic or inorganic carbon), Nitrogen 
(ammonium, nitrate, urea, yeast extract, etc.), 
and Phosphate (Phosphorus) andessential trace 
elements (Zhou et al., 2012). Wastewaters are 
unique in their chemical profile and physical 
characteristics as compared to fresh and 
marine water(Zhou et al., 2012). 
The releases of industrial and residential 
wastewater possess serious environmental 
challenges to the receiving water bodies (De-
Bashan et al., 2010).  Godoset al., (2009) 
reported that, the major effect of releasing 
wastewater rich in organic compounds and 
inorganic chemicals such as phosphates and 
nitrates is mainly eutrophication. This is a 
global problem that could be remediated using 
microalgae whereby the wastewater is used as 
microalgae nutrient for growth (Olguınet al., 
2003). The advantage is that while the 
microalgae will be removing excess nutrients in 
the wastewater, there will be concomitant 

accumulation of biomass for downstream 
processing (Olguınet al., 2003) The use of a 
various range of microalgae such as Chlorella, 
Scenedesmus, Phormidium, Botryococcus, 
ChlamydomonasandSpirulina for the treatment 
of domestic wastewater has been reported and 
efficacy of this method is promising. ( 
Chinnasamyet al., 2010)  
The industrial effluents were discharged into 
open drains which finally join the rivers as 
receiving. Rural communities may use such 
effluent for domestic activities. The studied 
communities were observed to have used such 
type of effluents for washing cloth, vehicles 
and irrigation purposes. Most people in Katsina 
metropolis rely solemnly on vegetables 
cultivated from such area which may may be 
contaminated with chemical pollutants. 
The aim of this research isto, isolate and the 
indigenous micro-algal specie that has 
potentials for bioremediation of chemical 
contaminants in waste wastewater. 
 
MATERIAL AND METHODS 
Study Area  
Waste water was collected from River Ginzo 
municipal effluent in Katsina metropolis.The 
sampling point in river ginzois located along the 
GPS of 12º, 59’, 197” N and 007º 36’, 875” E. 

Abstract 
The Bioremediation application of microalgae on wastewater effluent was conducted using 
single cultured specie (Chlorella vulgaris).Samples were collected from River Ginzo municipal 
effluent in Katsina metropolis and Wastewater was inoculated with Chlorella vulgaris as a single 
culture. treatments were periodically analysed (every 5th day) for a total period of 20 days for 
physico-chemical parameters such as pH, TDS, DO, Phosphate, Nitrate, Ammonium, BOD, 
Potassium and heavy metals using standard APHA method. The results indicated that, the 
parameter analyzed were statistically significants (p<0.05) were; Nitrate, phosphorus, 
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respectively.Therefore, Chlorella vulgaris could be used for wastewater bioremediation as an 
environmental friendly alternative. 
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Collection of waste Samples 
The domestic wastewater samples in this study 
were collected from River Ginzo Katsina 
respectively. Wastewater samples were 
collected using 2-litre dark brown bottle based 
on the techniques described by Indabawa, 
(2012) 
Media Preparation 
Allen’s Blue-Green Medium was prepared;the 
media was prepared using one liter of distilled 
water and the pH was maintained at neutral 
also the mediaautoclaved at121°C for 20 min. 
Enrichment of Culture in the Media 
Collected waste water samples were brought to 
the laboratory and the samples were 
centrifuged to remove the supernatant sample 
which was then inoculated into sterile conical 
flasks containing media. This was incubated for 
10 days by providing required environmental 
condition such as 12:12 light/dark photoperiods 
and a temperature of 25°C, which allowed 
further growth and multiplication of algae 
organisms (Mohan et al., 2009, 2010). 
Identification of Microalgae 
The micro algal samples were subjected to 
microscopic observation for physical 
identification. C. vulgaris was vied under 
digital Compound microscope (SWIFT M10). 
Standard phycological keys described by Palmer 
(1980), Edward and David (2010) was used to 
determined species. Algal cell count was done 
using haemacytometer as described by Guillard 
(1978) and Schoen (1988). 
Growth and maintenance in Media 
For the maintenance of algal cultured, broth 
was prepared and each identified algal species 
was inoculated and  incubated at 25°C under 

12:12 light/dark photoperiods. The culture was 
maintained both in slants and broth cultures for 
further 7 days and algal cell count was done 
very day(Mohan et al., 2009, 2010). 
Collection of wastewater (Sampling of water 
Effluent) 
 For the treatment of effluent the domestic 
wastewater samples in this study were 
collected from sewage municipal wastewater at 
River Ginzo Katsina.According toKaul and 
Gautum, (2002). 
Physico-chemical characteristics of water 
samples 
The initial physico-chemical parameters of 
water samples were measured before 
inoculation of algae and at final stage, the total 
content in each flask was filtered to remove 
algae and then used for the analysis of various 
parameters  pH, TDS, phosphate, nitrate, 
ammonium, potassium, DO(dissolved oxygen), 
BOD (biological oxygen demand) and heavy 
metals using standard methods (APHA, 2005). 
Remediation Bioassay 
Twelve flasks (100ml waste water samples in 
250ml conical flasks) were prepared. Each of 
the twelve flasks was inoculated with 10ml of 
1-week cultured individual (Chlorella vulgaris) 
microalgae suspensions. This was further 
Incubated under the stated condition for a 
period of 20 days.Samples wereperiodically 
(every 5th day) analyzed for physico-chemical 
parameters (APHA, 2005)  
Statistical Analysis 
The result was analyzed using ANOVA at (p 
<0.05) significance. Graph pad prism statistical 
software version (6.04) were used for the 
analysis 

 
RESULT AND DISCUSSION 
Table 1:  C. vulgaris identified, isolated and cultured for bioremediation in waste water sample 
from   river ginzo Katsina metropolis were Chlorella vulgaris shows the high growth and 
development with 41.33x104±0.58 at day one (1) and 91.67x104±0.57 at day seven (7), 
NUMBER OF DAYS C. vulgaris (cell/ml) 

1  41.33x104±0.58 

2 48.66x104±0.58 

3 60.67x104±0.57 

4 74.67x104±1.16 

5 83.33x104±1.56 

6 88.66x104±2.08 

7 91.67x104±0.57 
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Chlorella vulgaris shows high growth and 
development with 41.33x104±0.58 cell/mlat day 
one and91.67x104±0.57 cell/mlat day seven 
from table 1 above. The finding of this research 
is in line with finding of Chan, (2011) who 
conducted research by cultivating the 
microalgae in wastewater from a fish farm and 
established that they can promote the growth 
of Chlorella sp. and they obtained a 90% growth 
rate during the experimental period. Growth of 
Chlorella vulgaris microalgae depends mainly 
on nutrients present in the synthetic 

wastewater (Changfuet al., 2013).  The finding 
of this research also corresponds with the 
finding ofChinnasamyet al., (2009), that 
showed growth response of C. vulgaris in terms 
of biomass production in their finding. 
The bioremediation of wastewater from of river 
ginzo Katsina metropolis using single specie 
(Chlorella vulgaris) is shown in Table 2 below. 
Wherephysico-chemical parameters such as pH, 
TDS, phosphate, nitrate, ammonium, (Dissolved 
Oxygen) DO,(Biological Oxygen Demand) 
BODanalyzed for total period of 20days 

 
Table 2:  Bioremediation of waste water using single species (Chlorella vulgaris) isolated from    
River Ginzo Katsina metropolis. 

S/N PARAMETERS Before 
Treatment 

                                                        After Treatment 

5th day 10th day 15th day 20th day 

1 PH 7.44±0.02 7.59±0.01 7.66±0.01 7.50±0.01 7.60±0.01 
2 DO(ppm) 1.05±0.01 1.07±0.01 1.10±0.01 1.11±0.10 1.14±0.00 
3 TDS(mg/l) 1373±1.00 992±1.00 712±20.00 644±8.30 655±35.15 
4 Nitrate(mg/l) 136.66±0.06 96.45±1.88 63.50±0.50 42.01±1.01 33.57±3.50 
5 Phosphorus(mg/l) 33.27±0.25 33.27±0.25 11.15±1.56 5.71±0.21 2.9±0.42 
6 NH4(mg/l) 126.07±0.05 84.02±0.04 34.68±0.58 21.37±1.14 16.82±0.89 
7 BOD(ppm) 0.39±0.01 0.37±0.01 0.30±0.01 0.28±0.01 0.27±0.00 
8 Potassium(mg/l) 24.87±0.07 13.27±0.04 8.64±0.88 5.88±0.42 4.97±0.04 
  
The Table 2 shows there were significant 
differences between the initial pH and 5th, 10th 
and 20th days respectively (P<0.01). However, 
there was no significant differences between 
initial pH and that of 15th day (P>0.05). The pH 
was maintained around neutral values 
throughout the cultured period. The finding of 
this research was in line with the finding 
of(Aartiet al., 2008;Makarevicieneet al., 
2011;Mostafaet al.,2015). whose reported that 
Chlorella vulgaris sustained the maximum 
growth rate at the range of pH between 6.0 and 
9.0. 
The concentration of dissolved oxygen (DO) 
shows significant differences between the 
initial DO and that of 5th, 10th, 15th and 20th 
days respectively (P>0.05).The value of DO 
increases due to photosynthesis process that 
took place in the culture, which provided 
energy source. This is the similar finding with 
the finding of(Oswald et al.,2003) who 
reportedthat, using light as an energy source, 
microalgae uptake CO2 from the environment 
and produce O2 as a byproduct and this is 
similar observations with my finding.  
The concentration of BOD shows there is no 
significant differences between initial BOD  and 
that of 5thdays (P>0.05). However, there is 
significant different between the initial and 
and that of 10th, 15th, 20th respectively 
(P<0.01). The obtained results revealed that 

remarkable decrease in BOD concentration. 
This is the same observation made by 
Ganapathyet al., (2011) the value of BOD 
indicates level of toxicity of wastewater and 
they further reported the reduction in BOD of 
distillery effluent by 53 % using Algae species. 
The concentration of TDS shows that there is 
significant differences between initial TDS and 
that of 5th, 10th, 15th, and 20th respectively 
(P<0.01).The removal of TDS for cultured 
considered extremely significant.These 
reduction in TDS might be as the result of 
utilization of various nutrients by algae (Raoet 
al., 2011 ; Ahmad et al., 2013) which is in line 
with our finding.  
The concentration of 
Nitrate,Phosphorus,Ammonium and Potassium 
showed that, there is significant differences 
between initial nitrate,Phosphorus,Ammonium 
and Potassium and  that of  5th, 10th ,15th and 
20th  respectively (P<0.01). However the 
concentration of Potassium showed that, there 
is significant differences between initial 
potassium concentration and 5th, 10th ,15th and 
20th  respectively (P<0.01). The finding of this 
research correspond with the finding of Aslan 
and Kapdan, (2006) who used C. vulgaris for 
nitrogen and phosphorus removal from 
wastewater with an average removal efficiency 
of 72% for nitrogen and 28% for phosphorus.  
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Shi et al., (2007) performed experiments with 
Chlorella to remove nitrate from municipal 
wastewater and reduce levels of phosphate, 
ammonium and nitrate in synthetic secondary 
wastewater which is also in line with our 
finding. The specifics depend on the type of 
wastewater, the type of algae and their growth 
conditions, and most importantly on the 
relationship between the amount of biomass 
applied and the hydraulic loading of the 
wastewater (Shi et al., 2 007). Freshwater 
unicellular microalgae, mainly Chlorella have 
been used in wastewater treatment for the 

removal of nitrogen and phosphorus compounds 
(Hammoudaet al., 1995; Gonzalez et al., 1997). 
This is similar observation made by Azab (2002) 
who stated that the application of algae for 
wastewater treatment showed variable 
percentages of decrease in minerals. This above 
observations are in line with my observations. 
The bioremediation of waste water (Heavy 
metals) from river ginzo Katsina metropolis 
using single species (Chlorella vulgaris) is 
showed in table 3 below.Whereheavy metals 
analysed for total period of 20days after 
inoculations of C.vulgaris. 

 
Table 3:  Bioremediation of waste water (Heavy metals) using single specie (Chlorella vulgaris) 
isolated from river ginzo Katsina metropolis 
S/N PARAMETERS Before 

Treatment 
                                                        After Treatment 

5th day 10th day 15th day 20th day 

1 Copper (mg/l) 0.46±0.44 0.45±0.01 0.41±0.01 0.31±0.01 0.28±0.01 
2 Cobalt (mg/l) 0.77±0.12 0.70±0.01 0.59±0.02 0.51±0.03 0.45±0.02 
3 Zinc (mg/l) 10.14±0.16 9.95±0.15 8.76±0.12 7.96±0.18 7.29±0.19 
4 Lead (mg/l) 0.70±0.17 0.69±0.01 0.67±0.01 0.62±0.01 0.61±0.01 
5 Chromium 

(mg/l) 
0.32±0.11 0.31±0.01 0.29±0.01 0.27±0.01 0.26±0.01 

 
 

HEAVY METALS 
Table 3 above shows that there was no 
significant differences between initial Copper 
and cobalt and that of 5th,10th, 15th and 20th 
days respectively (P>0.05). However, there is 
significant differences between initial Cobalt 
and that of 10th, 15th and 20th days 
(P<0.01,P<0.01and) respectively. There was no 
significant differences between initial Zinc 
value and Zinc at 5th days respectively (P>0.05). 
However, there was significant differences 
between initial Zinc and Zinc at 10th, 15th and 
20th days (P<0.001).There is no significant 
differences between initial Lead and that of 
5th,10th, 15th and 20th days respectively 
(P>0.05).There is no significant differences 
between initial Chromium (Cr) and Chromium 
(Cr) at 5th,10th, 15th and 20th days respectively 
(P>0.05). The concentration of heavy metals in 
the wastewater samples inoculated with C. 
vulgaris shows reduction with increase in the 
number of days, this is in line with observation 
made by Al- Qunaibit, (2009) who reported 
that,  dried dead C.vulgariswas studied in 
terms of its performance in binding divalent Cu, 
Cd and Pb ions from their aqueous solutions. 
Percentage uptake of cadmium ions exhibited 
general decrease with decrease in dielectric 
constant values while that of copper, Lead ions 
shows decrease with increase in donor 
numbers. (Chan et al., 2014) also reported, 
microalgae removed up to 81.7% Cu reaching 

lowest final concentration of 7.8ppb after 10 
days. Zn reduced up to 94.1% reaching 0.6ppb 
after 10 days this is also in line with our 
finding. 
Conclusion 
From the result it has shown that C. 
vulgariswas easier to cultivate and developed 
on media.Also from the results, it is concluded 
that remediation of diverse waste water 
contaminants is possible by using Chlorella 
vulgaris. The present result showed that 
Chlorella vulgaris had very good potentials to 
remediate the toxic level of all physico-
chemical parametersanalysed. These finding 
confirmed that Chlorella vulgaris may be 
considered as efficient algae for the removal of 
all level of toxic physico-chemical parameters. 
Recommendation 
           From the finding of this research, it is 
recommended that;  

1. Cultivation of micro algae on media or 
wastewater treatment should be 
encouraged as it produces an 
appreciated biomass which  can be 
used for biodiesel, bio fertilizer, 
biofuel and production or obtaining 
valuable items.  

2. Also government should pay more 
emphasis on bioremediation of toxic 
chemicals in waste water and 
enlightens people on importance of 
bioremediation.   
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