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 Nutrient pollution of aquatic environment through disposal of industrial and domestic 

wastewater poses serious problems for reusing surface water and aquatic life. This 
study reports the feasibility and kinetics of Chlorella vulgaris in removing chemical 

oxygen demand (COD), total nitrogen (TN) and total phosphorus (TP) for protection of 
surface water resources. The microalgal strain was cultured in shake flasks with 

wastewater and artificial light. Maximum biomass (200 mg/L) was achieved within four 

days, whereas maximum removal of TN, TP and COD was found to be 77.8%, 86.1% 
and 77.8%, respectively. Optimum detention period for phytoremediation was varied 

from 9 to 13 days. Phytoremediation performances of C. vulgaris were simulated 

through mathematical modeling, revealing kinetic coefficient values of 0.137, 0.171 
and 0.13 for TN, TP and COD respectively. Based on laboratory scale study under 

controlled environment, it can be concluded that C. vulgaris has potential to reduce 

nutrient contents of wastewater. 
 

 
© 2015 AENSI Publisher All rights reserved. 

To Cite This Article: Abdullah Al Mamun, Azura Amid, Imtinan Binti Abd Karim, Md Zahangir Alam and S.M. Abu Sayem., 

Phytoremediation and Mathematical Model for Domestic Wastewater by Chlorella vulgaris. Adv. Environ. Biol., 9(14), 139-144, 2015 

 

INTRODUCTION 

 

 Water is the most essential element in our daily life. Good quality water for domestic and industrial 

purposes is currently a major worldwide demand. However, the disposal of industrial and domestic wastewater 

into rivers, lakes, streams and seas render the surface water difficult to reuse and pose serious problems to 

human beings, animals as well as the aquatic environment. Wastewaters being rich in organic carbon, nitrogen 

(N), phosphorus (P) and other minerals can lead to depletion of dissolved oxygen and toxicity to aquatic 

organisms. In addition, excessive loading of nutrients particularly N and P into the receiving water bodies 

results in the universal problem of eutrophication [8, 17]. Therefore, the removal of nutrients from wastewater 

has become obligatory before disposal into the environment to meet the legal discharge levels.        

 Even though significant efforts and progresses have been achieved for the sustainable treatment of waste 

and wastewater, the removal of nutrients particularly nitrogen and phosphorous is still under critical 

consideration. Many options based on physical, chemical and biological methods to treat wastewater have been 

proposed, however, they can often remove only a fraction of the total nitrogen and phosphorous present in the 

effluents [7, 18]. 

 As the governmental regulations on the environment become more and more stringent, there is a greater 

force for developing environmentally sound treatment systems that would remove pollutants from effluents. 

Phytoremediation using microalgae is one of the alternatives for removing selected pollutants such as nitrogen 

and phosphorus [4, 10, 15, 23]. Due to their robustness against wastewater and ability to use inorganic nitrogen 

and phosphorus for growth [3, 6, 22], microalgae can potentially be integrated with wastewater treatment for the 

combined benefit of nutrient removal and biomass production [25]. C. vulgaris, one of the important members 

among microalgal family, can be used for phytoremediation of selected pollutants from secondary effluent of 

domestic wastewater treatment plant since existing wastewater treatment plants are not, generally, designed to 

remove the nutrients and metals [6, 16, 24].  
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 The present study was aimed to investigate nutrient removal from partially treated wastewater produced 

from the treatment plants at International Islamic University Malaysia, Kuala Lumpur, Malaysia. Microalgae C. 

vulgaris was chosen for reducing the nutrients from partially treated domestic wastewater because it can be 

easily grown and dispersed in water as compared to other aquatic plants, which would aid better removal of 

nutrients [19]. Besides the nutrients, the detention time and volatile suspended solids (VSS) were also studied. 

In addition, the nutrient removal kinetics were evaluated by simulating phytoremediation performances of C. 

vulgaris through a mathematical model. 

 

MATERIALS AND METHODS 

Microalgae Strain and Cultivation: 

 For this experiment C. vulgaris UMACC078 obtained from University of Malaya Algal Culture Collection 

(UMACC) was used. The microalgal suspension was inoculated into a 250 ml shake flask at 110 rpm containing 

100 ml Bold's basal liquid medium at pH 6.8 and room temperature with 12 hours continuous light and 12 hours 

dark cycles for 1 week. Bold basal media was prepared according to Miao and Wu, 2006 [13].  

 

Sample Collection: 

 Wastewater sample was collected from a sewage treatment plant located at International Islamic University 

Malaysia, Kuala Lumpur, Malaysia. Characteristics of the wastewater was analyzed using established and 

standard methods used [1]. Chemical oxygen demand (COD), total nitrogen (TN) and total phosphorous (TP) 

were determined following Hach DR 5000 Spectrophotometer Manual (Hach, 2008). Volatile suspended solids 

(VSS) were assayed following APHA guideline, 1989 [1]. 

 

In Vitro Study of Nutrient Removal: 

 Dry concentration (mg/L) of C. vulgaris was determined by filtration of a culture liquors sample through 

GC paper followed by oven drying at 103–105°C for about 1 hour.  Based on dry weight result, C. vulgaris 

inoculum for succeeding test were adjusted to 100 mg/L by addition of an appropriate amount of wastewater. 14 

flasks (250 ml) were used containing partially treated wastewater (50 ml) inoculated with C. vulgaris of 100 

mg/L concentration. Another 14 shake flasks (250 ml) containing wastewater without algae were used as 

control. The study was conducted under batch culture process in laboratory in presence of fluorescent tube light 

for 12 hours per day. All samples were incubated at 110 rpm continuously up to 13 days. Samples were 

collected and analyzed everyday for first 9 days and every 2 days up to 13 days for total nitrogen (TN), total 

phosphorus (TP), chemical oxygen demand (COD), and volatile suspended solids (VSS). 

 

RESULTS AND DISCUSSION 

Effluent Characteristics: 

 Partially treated effluent was brown to pale yellow, quite turbid and smelly. The wastewater contained high 

levels of pollutants in terms of COD, TN and TP. COD and TN concentrations were 120 mg/L and 62 mg/L 

respectively and thus exceeded the permitted effluent standard (50 mg/L for COD and 35 mg/L for TN) set by 

the Department of Environment (DOE) Malaysia. There is no limit set for TP. It was clear that additional 

treatment would be required to improve the quality of the effluent before it is discharged into the receiving 

waters or rivers. 

 

Nutrient Removal and Mathematical Modeling: 

 C. vulgaris, usually takes up nutrients (mainly nitrogen and phosphorous) for the synthesis of proteins, 

lipids, ATP and other biomolecular forms required for metabolic activities and biomass synthesis. The present 

study demonstrated considerable nutrient removal in the form of TN and TP from wastewater by C. vulgaris. 

The data obtained from the experiments were used in generating theoretical modeling. 

 Let P be the phytoremediation potential of C. vulgaris at time t from the initial day of the experiment. Then 

the rate of change in P with respect to t from initial day of the experiment up to the time when the algae attain 

equilibrium is directly proportional to P, at that time. 
dP

dt  
 α P =  −µP           (1) 

where  μ = constant 

t  = time (days) 

Then, integrating equation (2.1), 

ln P =  −µt + C           (2) 

 Where, C is a constant of integration. To get the value of C, the initial condition in equation be kept (2) as 

at the starting day of the experiment such as t = 0; P will be maximum, let it be P0. Then, 

ln P0  =  −µ  0  + C        

or  C = ln P0 
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 Introducing the value C in equation (2) and ln P will assume as negative because it represents the uptake of 

nutrients, 

−ln P =  −µt + ln P0 

or  ln
Po

P
=  −µt           (3) 

Rearranging the equation, and P = Pt, 

Pt =  
P0

e −µt            (4) 

where  Po = initial concentration of nutrients (mg/L) 

 Pt = concentration at time t (mg/L) 

 t = time (days) 

 μ = first-order rate constant (per day) 

 In the present study, first order kinetic equation was used to describe the nutrients reduction in algae and 

control. First-order rate constant was calculated from the slope of the graph concentration of nutrient (mg/L) 

versus time (day). 

 

Total Nitrogen (TN): 

 C. vulgaris culture took up nitrogen efficiently from studied effluent after a lag period of about 1 day and 

the amount of TN in the treated wastewater decreased significantly with time (Fig. 1).  

 
Fig. 1: Removal of pollutants with time. 

 

 Initial concentration of TN in control was 64 mg/L and decreased to 14.2 mg/L after 13 days of treatment 

which is clearly below the legal discharge limit. A sharp increase in TN removal was observed from day 9 and 

maximum removal occurred on day 11 and onwards which was 77.8%. This result is in good agreement with 

previous studies [12, 20]. Sreesai and Pakpain (2007) found maximum removal on day 8 by 88% while Li et al. 

(2011) found 89% total nitrogen removal, majority of which occurred during the first four days of the cultivation 

of Chlorella species [12, 20].  

 
Fig. 2: Experimental analysis and theoretical modeling of nitrogen removal from wastewater. 

 

 Fig. 2 shows the comparison between experimental and theoretical data from mathematical modeling for 

TN removal in sample. First-order kinetic coefficient was found to be 0.137. The theoretical value of TN in the 

sample was found more linear compared to that of experimental. Nevertheless the theoretical patterns also 
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showed a constant decrease along with increasing time. 

Total Phosphorous (TP): 

 Initial value of TP in the effluent was 10.8 mg/L and dropped to the final concentration of 1.5 mg/L by the 

end of the experiment (Fig. 1). The trend of changes in TP was similar to the changes in TN. The maximum 

removal of TP also occurred at day 11 and onwards which was 86.1%. This result is much better than the result 

obtained by Gonzalez et al. (1997) who reported that the microalgae C. vulgaris removed 50% of TP from 

wastewater [9]. Sreesai and Pakpain (2007) also found less TP removal efficiency with C. vulgaris which was 

68% under natural sunlight [20]. It is justified because the removal efficiency of phosphorus with Chlorella 

species was found to be greater under a 12 h light/12 h dark lighting scheme than that of under continuous 

lighting [11]. 

 After plotting the experimental data, the TP coefficient was found to be 0.171 (Fig. 3). Theoretically the 

initial and final concentration were found to be 9.1 mg/L and 0.99 mg/L respectively. The theoretical patterns 

also showed a constant decrease along with increasing time. 

 
Fig. 3: Experimental analysis and theoretical modeling of phosphorus removal from wastewater. 

 

Chemical Oxygen Demand (COD): 

 The initial concentration of COD in the effluent was 90 mg/L, while the final concentration decreased to 20 

mg/L by the end of the batch culture experiment. The maximum value of percent removal of COD occurred at 

day 13, which was 77.8%. The result is in good agreement with previous studies by Aziz and Ng (2003) who 

found that maximum percent removal for COD was about 82% using an activated algal process to treat 

wastewater [2]. 

 After plotting the experimental data, the COD coefficient value of sample was found to be 0.13 (Fig. 4). 

Theoretical value of COD was found to be 69.36 mg/L at the beginning and 12.8 mg/L at the end. However, 

both the theoretical and experimental results showed a constant decrease as the time increased. 

 
 

Fig. 4: Experimental analysis and theoretical modeling of COD removal from wastewater. 

 

Biomass Production: 

 The volatile suspended solid (VSS) was monitored in order to know the biomass produced by C. vulgaris 

during the study period. The results obtained for VSS (Fig. 5) shows that the maximum concentration of VSS or 

biomass was 200 mg/L at day 4. After that, the concentration of algal biomass started to decrease and reached 

the lowest concentration at day 11. 
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Fig. 5: Volatile suspended solids (VSS) production with time. 

 

 Scarcity of nutrients and other growth limiting factors in the batch cultivation system resulted in decreased 

algal biomass over time. The other limiting factors that might be considered include the concentrations or form 

of carbon source available in the culture medium and other organic growth promoters. In this experiment, there 

were no additions of any carbon sources, phosphorus or trace elements to the treated wastewater to enhance or 

optimize C. vulgaris growth. The results obtained is similar with the previous study by Bich et al. (1999) who 

reported that the VSS concentration was within 277-390 mg/L at 4 to 5 days [5]. It is possible that algal biomass 

might have increased if mineral nutrients and some trace elements had been added. 

 

Treatment Efficiency: 

 The results obtained from the experiment were compared with the effluent quality standard set by the 

Department of Environment (DOE) Malaysia (Table 1). The location of this wastewater treatment plant required 

to follow Standard A, as the plant is located upstream of water intake. COD and TN concentration after the 

phytoremediation was below the effluent discharge limits. Promising high removal of pollutants indicated that 

the algal system might be feasible as a tertiary treatment processes to remove nutrients and other dissolved 

pollutants from partially treated wastewater. 

 
Table 1: Partially treated wastewater quality compared with Malaysian effluent discharge standards. 

Parameter Concentration (mg/L) Effluent Standard 

Before After A B 

Chemical Oxygen Demand (COD) 90 20 50 100 

Total Nitrogen (TN) 64 14.2 35 35 

Total Phosphorus (TP) 10.8 1.5 Not Specified Not Specified 

 

 In this study, the exponential equation was proposed due to the batch cultivation of C. vulgaris which is 

most suitable with the exponential compared to others. Ogbonna et al. (1995) reported that the existence of the 

various growth phases during light-limited batch cultivation of photosynthetic cells could be predicted by a 

simple mathematical model [14]. Strigula et al. (2009) stated that Monod equation is not suitable for batch 

cultivation of microalgae growth [21]. Therefore, the exponential one is one of the best choices that is proposed 

in this study. 

 Based on the laboratory analysis and mathematical modeling, it can be concluded that C. vulgaris can be 

used to remove nutrients from wastewater and can help to achieve the effluent quality imposed by Malaysian 

government environment protection agency. However their performance may vary depending on the culture 

environment. The proposed mathematical model can be useful in predicting the trend of phytoremediation 

potential of C. vulgaris for domestic wastewater effluent at any interval of time. This can be quite helpful in 

rapid monitoring of pollution treatment. 
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