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ABSTRACT 
 

The protection of natural water resources from pollution is an issue on the top of organizational and societal 
agenda all over the world. The present study tries to find a simple and practical solution for wastewater 
discharged from a fertilizer factory using the green microalga Scenedesmus obliquus abundantly existing in 
freshwater. The free living cells of S. obliquus were able to reduce the total inorganic nitrogen content of 
wastewater (Diluted four folds) by about 66%. Adjusting pH value of wastewater to 6 improved the quality of 
wastewater under investigation. A residence time of 10 days was sufficient to attain maximum removal 
percentages for different nitrogenous compounds. Using aquarium air pump to aerate bio-remediable wastewater 
increased the reduction percentages of ammonia, nitrite, nitrate and total inorganic nitrogen to 89.6, 80.4, 77.2 
and 79.6%, respectively. Exposing S. obliquus cells to 1 kGy of gamma radiation had a considerable positive 
impact on the process of treatment. S. obliquus cells immobilized in sponge cubes showed better efficiency than 
their free living counterparts. Ammonia was depleted by 98.6%, followed by nitrite (97.8%) and nitrate (88.0%). 
Meanwhile, the reduction in total inorganic nitrogen reached about 90%. The biomass increments of 
immobilized cells grown in wastewater was found to be 1.7-fold higher than that of free cells in synthetic 
medium and 1.1-fold higher than free cells in wastewater. The free algal biomass was used for the extraction of 
some valuable compounds including proteins (55%), carbohydrates (11%), fatty acids (15.5%) and chlorophyll 
(6.7%). This study suggests S. obliquus cells immobilized in sponge cubes as a cost-effective and promising tool 
for nitrogen removal in organic-low wastewater. 
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1-Introduction 

 
The green revolution, with its high-yield crop varieties and intensive cultivation techniques, has led to 

substantial increase in the rates of fertilizers use. Nutrients load into natural water have also increased due to 
agricultural runoff as well as untreated or semi treated effluents from fertilizers industry.  

The excessive input of N-containing compounds in water bodies is one of the most significant causes of 
water quality deterioration and eutrophication which manifests itself as increase in phytoplankton concentrations 
to a nuisance level leading to odor, taste and color problems, increase in pH, oxygen depletion as well as 
impairments of fisheries and agriculture. Impacts on drinking water lead to many health hazards as reported by 
WHO (2007).  

The removal of nitrogenous compounds from water is often tedious and expensive. It is not significantly 
and economically achieved by conventional treatment methods. More specifically, several nitrification and 
denitrification routes are handled out via a selected group of microorganisms, depending on the environmental 
and working conditions existing within the treatment plant. 

Nowadays, bioremediation of polluted water by microalgae is receiving particular attention (Gurbuz et al., 
2009; Dosnon-Olette et al., 2010). Scenedesmus obliquus is a mesophilic ubiquitous green microalga that 
frequently dominates freshwater lakes and rivers (Urrutia et al., 1995; Borowitzka and Borowitzka, 1998). It has 
been reported for its ability to utilize ammonia, nitrite and nitrate as sole nitrogen source for growth, thereby can 
be utilized as a bioremediature agent for depleting nitrogen budget in wastewater (Martinez et al., 2000; 
Voltolina et al., 2005; Fierro et al., 2008).  

The present study concerns the possible removal of some inorganic nitrogenous compounds present in the 
wastewater of a local fertilizers factory, using both free living and sponge immobilized Scenedesmus obliquus 
cells under a range of key factors. The relation between removal efficiency and formation of valuable biomass, 
pigments and fatty acids were also investigated.  
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2-Methods: 
 
2.1. Water samples collection and analysis: 

 
Samples collection was started in May 2010. The sampling site was the outfall of a local fertilizer factory 

located in Talka, El-Dakahlia governorate, Egypt. Sampling procedures as well as analytical methods were 
carried out according to Standard Methods for Examination of Water and Wastewater (APHA, 2005). Sampling 
equipments and all facilities for chemical and bacteriological determinations were supplied by the Central 
Laboratory for Environmental Quality Monitoring, National Water Research Center “CLEQM-NWRC”. 

For chemical analysis, water samples were collected in polyethylene containers. Samples collected for trace 
metals and cations were preserved by adding concentrated nitric acid to achieve pH < 2 to protect against 
microbial reactions.  

For bacteriological analysis, clean sterilized glass containers were filled up to its  two-third in order to 
facilitate mixing by shaking before examination, then closed carefully by stopper to avoid any external 
contamination and examined within 6 hours after collection.  

Field parameters including temperature, pH, and conductivity were measured in situ using the multi-probe 
system, model Hydralab-Surveyor. The rest of samples were stored in an iced cooler box and delivered 
immediately to the laboratory for analysis.  

     In lab, total dissolved solids were determined by the gravimetric method. Turbidity by the HACH-
RATIO/XR-turbidimeter. Biochemical oxygen demand using ORION BOD fast respirometry system model 
890, while ammonia by Kjeldahl method using the Gerhardt Vapodest 20 S programmable distillation system. 
Major anions were determined using Ion Chromatography (IC) model DX-500, while carbonate and bicarbonate 
were detected by titration method using 0.02 N H2SO4. Major cations and trace metals were measured using the 
Inductively Coupled Plasma–Mass Spectrometry (ICP - MS), Perkin Elmer Sciex, ELAN 9000. 

Bacteriological analysis including heterotrophic plate count bacteria were determined by spread plate 
method No. 9215C on plate count agar medium. For counting total coliforms, fecal coliforms and fecal 
streptococci, the membrane filter technique was applied using a filtration system completed with stainless steel 
autoclavable manifold and oil-free “MILLIPORE” vacuum/pressure pump. Water samples were filtered through 
sterile, surface girded “SARTORIOUS” membrane of pore size 0.45 um and diameter 47 mm, according to 
standard methods No. 9222B, 9222 D and 9230 C on M- Endo Agar LES, M-FC agar, and M-Enterococcus agar 
medium, respectively. All media used were obtained in a dehydrated form, Difco USA.   
 
2.2. Microorganism and culture conditions: 

 
The algal strain Scenedesmus obliquus was kindly provided by Prof. Dr. Rawhia Abd El- Latif. (Faculty of 

Science, EL- Azhar Univ., Cairo, Egypt). For strain maintenance, 10% (v/v) inoculum was transferred into the 
medium previously described by Nichols (1973) for algal cultivation. The pH was adjusted to 7.1±0.2 with HCl 
and NaOH prior to autoclaving and inoculation. Cultures were incubated at 30°C for 10 days on a rotary shaker 
at 150 rpm.  
 
2.3. Nitrogen uptake assay: 

 
The collected wastewater sample was used as a natural microalgal culture medium depending on its 

nutrients content to support growth requirements. Scenedesmus obliquus was grown in 1L volumes in 2L 
Erlenmeyer flasks provided that the inoculum used was 25 ml containing about 5x108

 cells ml-1. The effect of 
discontinuous light as well as day and night temperature variations was considered. The light: dark cycle was 
about 14:10 h and the average temperatures were about 30oC ±2 in day light and 20oC ±2 during the night, to 
simulate the natural conditions of a local wastewater treatment plant in summer time. The efficiency of 
nitrogenous compounds uptake by S. obliquus was evaluated through calculating reduction percentages of 
ammonia, nitrite, nitrate and total inorganic nitrogen at different dilutions of stock wastewater (1/1, 1/2, 1/3, 1/4, 
1/5, 1/6) at various pH values (4, 5, 6, 7, 8, 9). Short and long-term batch cultures were studied during the time 
intervals 7, 10, 20, 40 and 60 days. In individual experiment, inoculated wastewater was incubated under 
shaking conditions (150 rpm) or aerated by aquarium air pump (220-240 v, 50 Hz & 3W) purchased from local 
market with a constant air flow equal to 20 ml min-1. 
 
2.4. Irradiation: 

 
The effect of different doses of gamma radiation on N- removal efficiency by S. obliquus  was also assayed. 

The algal cells were irradiated at dose levels of 0.25, 0.5, 0.75, 1.0, 1.5 and 2.0 kGy using Cobalt-60 model 
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Indian gamma cell located at the National Center for Radiation Research and Technology, Atomic Energy 
Authority of Egypt. The dose rate at the time of experiment was 4 kGy/hour.     

 
2.5. Immobilization: 

 
Sponge cup was cut into 1cm-side cubes, boiled in distilled water for 30 min and finally washed several 

times with distilled water before autoclaving at 121°C for 15 min. Algal cells were harvested by centrifugation 
(8,000 rpm for 15 min) and re-suspended in a small volume (25 ml) of growth medium (West and Strohfus, 
1996). Ten grams of sterilized sponge cubes were added asepticaly and incubated at growth conditions as 
previously described. This allows algal cells to grow well and completely colonize the pores of the supporting 
material. For comparison purpose, four Erlenmeyer flasks (2L) containing 1000 ml of wastewater were used. 
The first was inoculated with immobilized algae, the second with their free living counterparts and the third with 
blank sponge cubes (without cells).The fourth treatment representing the stock wastewater was included as a 
control for any possible transformation of nutrients. All treatments were maintained under the same culture 
conditions and allowed to withstand for 10 days, after which complete analysis for wastewater was done as 
described earlier. 
 
2.6. Biomass evaluation: 

 
The biomass (mg/100) of both free living and deimmobilized cells was indirectly measured by the 

absorbance of the cell suspension at 600 nm as described by Camacho et al. (1989). The growth calibration 
straight line was obtained by measuring the absorbance between 0.4 mg and 2.0 mg.  
 
2.7. Photosynthetic and secondary metabolites assessment: 

 
The following items were subjected to evaluation; chlorophyll, by the method of Hansmann (1973); 

proteins, by the method of Lowry (1951); carbohydrates, by the method of Dubois et al. (1956). The fatty acid 
composition was assayed using gas chromatographic analysis (GC) of the total fatty acids directly trans methyl 
esterified from dried cells (Kumon et al., 2002). One milliliter of 10% methanolic HCl and 0.5 ml methylene 
chloride were added to the dried cells and kept at 60°C for 3 h for the direct methyl esterification. The reaction 
was stopped by the addition of 2 ml saturated NaCl solution and 1 ml hexane. The resultant methyl esters 
recovered in the hexane layer were then applied to a gas chromatograph (Hewlett Packard, HP6890) equipped 
with a HP-5 column (5% phenyl methyl siloxane; 30.0 m x 320 μm x 0.50 μm i.d.) coupled with a flame 
ionization detector. The carrier gas was nitrogen at 1.5 ml/min flow rate. 

 
3-Results and Discussion 

 
Previous studies concerning Scenedesmus as a bioremediature of polluted water have focused principally on 

using either synthetic or modified media in a variety of ways. These media, however, may have some 
considerable limitations due to biochemical and physiological changes in microalgal cells or the lack of selected 
nutrients, necessary to enhance microalgal growth over long-term growing periods (Kim et al., 2007). The 
present study demonstrates the possibility of using wastewater of fertilizers origin as a natural microalgal culture 
medium intended for the biological removal of hazardous nitrogenous compounds, without any culture medium 
additives, using the green microalga Scenedesmus obliquus isolated from Egyptian freshwater resource. 
 
3.1. Wastewater assessment before treatment: 

 
Water quality assessment of collected wastewater sample before treatment was carried out and summarized 

in Table 1. Values obtained were compared to the standard limits of the Egyptian Law 48/1982 and 4/1994 
regarding the protection of River Nile and waterways from pollution. Normal values were detected for 
temperature, biochemical oxygen demand (BOD), major anions including chloride (Cl-), phosphate (PO4

3-) and 
sulphate (SO4

2-), major cations including calcium (Ca2+), potassium (K+), magnesium (Mg2+) and sodium (Na+) 
as well as 18 different trace metals. All bacteriological parameters represented by heterotrophic plate count, total 
coliforms, fecal coliforms and fecal streptococci count were also within safety levels compared to permissible 
limits for the Egyptian law as well as Tebbutt (1998). 

On the other hand, the pH recorded (9.5) reflected the alkaline nature of the water sample (Standard limits 
within the range 6-9). The Electric conductivity (EC) showed high value (1738 µmhos/cm) and was directly 
correlated with the total dissolved solids (TDS) whose level reached 1113 mg/l and exceeded the permissible 
limits for the Egyptian law (800 mg/l).  A detectable increase in turbidity (150 NTU) was compared to the 
maximum recommended limits (50 NTU) showing undesirable level of fine suspended matter in the sample. 
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The Total alkalinity was calculated from the summation of carbonate (CO3
2-) and bicarbonate (HCO3

-) and its 
recorded value (418 mg/l) violate the permissible limits of law 48 (200mg/l). 

Concerning the inorganic nitrogen staff represented by ammonia (NH3-N), nitrite (NO2
--N) and nitrate 

(NO3
--N), they were obviously measured in high concentrations (177.6, 13.8 and 749 mg/l), respectively. These 

values were above safety margins (0.5, 0.2 and 40 mg/l) for these compounds in the same order. Consequently, 
the total inorganic nitrogen (∆Ni) reached 940.4 mg/l, and this type of wastewater could be broadly categorized 
as nitrate and ammonia rich wastewater, mainly originating from fertilizers runoff. Such high concentrations of 
nitrogenous compounds stimulate algal growth (Wong et al., 2003). 
 
Table1: Physico-chemical and bacteriological characteristics of wastewater sample before treatment 

Physico-chemical parameters Values Units 
pH 9.5  -----  
Temperature  28 (oC) 
EC 1738 umhos/cm 
TDS 1113 mg/l 
Turbidity  150 NTU 
NH3 -N 177.6 mg/l 
BOD 7 mg/l 
Major anions  

Cl- 135 mg/l 

NO2
-- N                           13.8 mg/l 

NO3
-- N                           749 mg/l 

PO4
3- 1.26 mg/l 

SO4
2- 72 mg/l 

CO3
2- 57 mg/l 

HCO3
- 361 mg/l 

Total alkalinity  418 mg/l 
Total inorganic nitrogen 940.4 mg/l 
Major cations  
Ca2+ 43.94 mg/l 
K+ 16 mg/l 
Mg2+ 14.67 mg/l 
Na+ 110 mg/l 
Trace metals  
Al  1.446 mg/l 
As <0.01 mg/l 
Ba 0.071 mg/l 
Cd <0.0005 mg/l 
Co <0.005 mg/l 
Cr 0.250 mg/l 
Cu 0.026 mg/l 
Fe 0.498 mg/l 
Mn 0.021 mg/l 
Mo <0.01 mg/l 
Ni <0.005 mg/l 
Pb <0.005 mg/l 
Sb <0.03 mg/l 
Se <0.03 mg/l 
Sn   <0.03 mg/l 
Sr 0.411 mg/l 
V <0.005 mg/l 
Zn <0.005 mg/l 
Bacteriological parameters  
Heterotrophic plate count 150 CFU/ml 
Total  coliforms count 200 CFU/100ml 
Fecal  coliforms count 90 CFU/100ml 
Fecal streptococci count 25 CFU/100ml 

 
3.2. Factors influencing N-uptake by S. obliquus:  

 
The net efficiency of N- removal by S. obliquus was evaluated through calculating the reduction 

percentages in NH3-N, NO2
--N, NO3

--N as well as ∆Ni after considering about 5% reduction due to nutrients 
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transformation in the control stock wastewater, probably due to assay duration or other possible external factors. 
Any treatment system is basically affected by two main components, the influent concentration and its pH value. 
Consequently, influent dilution and pH adjustment are key factors for overall treatment results to avoid substrate 
inhibition and /or toxicity (Wiesmann, 1994). 
 
3.2.1. Dilution: 

 
Diluting wastewater under investigation by chlorine-free tap water had a positive effect on the efficiency of 

nitrogenous compounds removal by S. obliquus (Fig. 1). The reduction in ∆Ni was increased from 35.6% at 
dilution (1:1 v/v) to 65.9% at dilution (1:4 v/v). Meanwhile, diluting wastewater by four folds removed nearly 

87.1, 33.3 and 61.5% of NH3-N, NO2
--N, and NO3

--N, respectively. Further investigated dilutions (1:5 and 1:6) 
didn’t have recognizable effect on the process of treatment (data not shown). On the other hand, the maximum 
growth yield (72.93 mg/l) of free-living cells of S. obliquus was attained at dilution (1:2 v/v). 
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Fig. 1: Effect of dilution on the efficiency of nitrogenous compounds removal by Scenedesmus obliquus.  

 
 In a similar study conducted by Voltolina et al. (2005), most nitrogen removed from an artificial 

wastewater sample was attained during light hours with daily totals of 9.27 and 8.45 mg/l for 30% and 40% 
dilutions, respectively. Under this regime, the production of organic biomass was 39.3 and 25.2 mg 1 -1 d -1. It is 
worth mentioning that, using deionized water for dilution in our assay didn’t favor N-removal (reduction % of  
Ni was < 50%) compared to chlorine-free tap water (65.9 %). This strongly suggests that some ions present in 
tap water are required for N-uptake and/or assimilation by algal cells. Such observation could serve cost 
effective purposes as well as simplicity of operation.                                     
 
3.2.2. pH: 

 
Decreasing pH value of wastewater by 1N HCl elevates the reduction percentages of all nitrogenous 

compounds under investigation (Fig. 2). At pH 6, residual contents of NH3-N, NO2
--N and NO3

--N in treated 
wastewater were less than 16, 36 and 42%, respectively. This leads to an overall decrease in Ni by 63.6% at the 
same pH value.  Similarly, biomass of S. obliquus was increased by decreasing pH values from 9 to 6 and the 
depletion in nitrogen budget was coupled to the generation of biomass (Fig.2). In this respect, Yang and Gao 
(2003) demonstrated that increased carbon concentration coupled with lowered pH values could affect the 
growth rate and photosynthesis of microalgae. The carbon content of pretreated wastewater used in our assay 
could support the previous finding (Table 1). 
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Fig. 2: Effect of pH on the efficiency of nitrogenous compounds removal by Scenedesmus obliquus. 

 
3.2.3. Residence time: 

 
The pattern of algal growth with time until 40 days indicated no lag phase and the growth was increased 

without a constant rate (Fig. 3). At the same time, the removal percentages of different nitrogenous compounds 
attained maximum levels within 10 days, after which a slight decrease was observed throughout the following 
30 days.  This could be interpreted in terms of the removal mechanism, where the primary algal uptake was 
attributed to a passive physical adsorption process rather than active metabolism. Then, algal cells became able 
to metabolize nitrogenous compounds to obtain their requirements for growth and energy. 
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Fig. 3: Effect of time on the efficiency of nitrogenous compounds removal by Scenedesmus obliquus 
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Nutrients content of wastewater used in this assay were so far sufficient to support algal growth up to 40 
days. With prolonged incubation period (60 days), the typical green coloration of S. obliquus cultures was 
changed to yellow as a result of catabolism mainly of chlorophyll resulting in a progressive bleaching of the 
cultures, probably due to excessive degeneration of cell structure (Urrutia et al., 1995) rather than nutrients 
limitation or starvation (Shehawy and Kleiner, 2001). A residence time of 10 days (where maximum removal 
efficiency was observed) favors short-term bioremediation systems, which is usually done in suburban areas 
where space is limited for long-term treatments. 
 
3.2.4. Aeration: 
 

Fig.4. compares the efficiency of free-living cells of S. obliquus to convert nitrogenous compounds into 
biomass under both shaked and aerated conditions. This efficiency was greater in cultures aerated by aquarium 
air pump (96 mg/100 ml) than cultures shaked at 150 rpm (82 mg/100 ml). At the end of 10 days, the removal 

percentages of NH3-N, NO2
--N, and NO3

--N in bio-remediable wastewater under aeration conditions were 89.6, 
80.4 and 77.2% in the same order (Fig. 4). Reduction in ∆Ni reached 79.6% compared to 72.8% for shaked 
cultures.  Martinez et al. (2000) mentioned that the highest percentages of ammonium elimination (100%) was 
recorded at the end of the incubation time (188.33 h) at 25°C in the stirred cultures, while the lowest value ( 
79%) was registered in the cultures without stirring at 35°C.                      
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Fig. 4: Effect of aeration system on the efficiency of nitrogenous compounds removal by Scenedesmus  obliquus.  

 
3.2.5. Irradiation: 

 
Gamma radiation had a considerable positive effect on the treatment process as shown in Fig.5. One kGy 

was the most effective dose, at which the missing quantities from the total nitrogen budget reached a net % of 
89.3 by irradiated S. obliquus cells in comparison with control (Unirradiated cells).  
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Fig. 5: Effect of radiation doses on the efficiency of nitrogenous compounds removal by Scenedesmus obliquus. 
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Fig.5 also demonstrated that gamma doses within 0.25 and 1.0 kGy range raised S. obliquus growth by 
more than 40% and declined it thereafter. The impact of gamma rays on different bioremediation processes was 
previously recorded by many authors (El-Fouly et al., 2002). Moon and Song (2001) reported that oxygen 
radicals which can be generated by gamma radiation might cause changes in the molecular properties of some 
proteins. This report was coupled with the fact of relationship between enzymes responsible for photosynthesis 
process and nitrogenous compounds removal. Similarly, Sun et al. (2004) explained the change in growth yield 
between the irradiated isolates and unirradiated parent strain by the direct effect of gamma radiation on the 
protein synthesis. It is important to mention that the morphology of algal cells examined by epiflourescent 
microscope (10xmagnification) showed no significant changes after irradiation (plate 1). 

 
 
                              
 
 
 
 
 
 
 
            
 
 
 
                                                  Unirradiated cells                  Irradiated cells 
              

Plate 1:  Effect of gamma irradiation (1 kGy) on the morphology of S. obliquus cells. 
 

3.2.6. Immobilization: 
 
In a step towards operational flexibility and practical application of the present study, the N-removal 

efficiency of S. obliquus cells was investigated under immobilization conditions. Immobilized biomass offers 
many advantages including microalgae recovery from treated effluents, better reusability, high biomass loading 
and minimal clogging in continuous flow systems (Urrutia et al., 1995; Zhang et al., 1997). Several synthetic 
(acrylamide, polyurethane, polyvinyl) and natural polymers (collagen, agar, agarose, cellulose, alginate, 
carrageenan) have been used for this purpose (Mallick, 2002). This study suggested sponge as stable, non- toxic 
and low cost supporting material with simple and convenient immobilization process. Similarly, Akhtar et al. 
(2004) used loofa sponge successfully as a matrix for green microalgal immobilization.  

Fig.6 compares the biomass increments of the sponge immobilized S. obliquus cells in wastewater with 
their free living counterparts in both synthetic medium (control) and wastewater. After 10 days of culturing, the 
biomass of immobilized cells grown in wastewater (154.2 mg/100ml) was found to be 1.7-fold higher than that 
of free cells in synthetic medium (88.3 mg/100ml) and 1.1-fold higher than free cells in wastewater (144.4mg 
/100ml). 
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Fig. 6: Biomass yield of Scenedesmus obliquus free and immobilized cells cultured on synthetic medium and  
            wastewater.  
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According to Jen et al. (1996), immobilized cells acquire additional stability during immobilization process. 
In this respect, Mallick and Rai (1993) and Fierro et al. (2008) reported a higher final yield in alginate and 
chitosan immobilized algal cells than free cell cultures. However, other studies reported similar growth rates 
(Lau et al., 1998).                                                                                                                           

Nitrogen consumption was positively affected by immobilization as shown in Fig.7. Although the net difference 
in N-removal efficiency between immobilized cells and their free living counterparts wasn’t markedly high, yet 
immobilized S. obliquus cells could successfully achieve a net reduction in � Ni of 90.1 %. Meanwhile, NH3-N was 

depleted in 98.6%, followed by NO2
--N in 97.8% and 88.0% for NO3

--N. 
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Fig. 7: Effect of immobilization on the efficiency of nitrogenous compounds removal by Scenedesmus obliquus. 

 
The higher nitrogen uptake by immobilized cells could be due to increased cell wall permeability as 

observed by Brouers et al. (1989). Nevertheless, the higher energy state of the immobilized system could be 
another factor for facilitated nutrients uptake (Awasthi and Das, 2005).  

Throughout this study, it could be observed that NH3-N was the most reduced substrate. This could be due 
to the increase in pH caused during algal photosynthesis which favors ammonia stripping (Gonzalez et al., 
1997), the neutral nature of ammonia molecule which facilitates its transport and uptake across the cell 
membrane (Wiesmann, 1994), as well as its spontaneous loss to the surrounding atmosphere (Nunez et al., 

2001). On the other hand, the net efficiency for NO3
--N removal was lower than 90%, this could be interpreted 

in terms of nitrate stability compared to ammonia and nitrite (Wong et al ., 2003) and the possible inhibition of 
nitrate by nitrite presence in culture medium (Garbayo et al., 2000).  

Comparing our results with those reported in literature showed some differences in nutrients efficiency 
removal, this may be due to several factors involved in each assay. Among them were the immobilization matrix 
used, immobilized microalgal species, culture conditions and physico-chemical characteristics of wastewater 
under bioremediation. Yet, results achieved in this study could be so far satisfactory if we take into 
consideration the high initial concentrations of nitrogen budget (Table 1).    

The quality of bioremediated wastewater sample under investigation was generally improved by the end of 
study. Beside the depletion in nitrogenous compounds (Fig.7), electric conductivity and total dissolved solids 
were decreased to a level of 50%. Turbidity and total alkalinity showed reduction of 95.6% and 93.3%, 
respectively. This was accompanied by depletion in anions and cations content. 

Although phosphate initial concentration was relatively low (1.26 mg/l), yet S. obliquus could survive low-
phosphate content wastewater which was nearly consumed completely by the end of assay (<0.2 mg/l). 
Similarly, a high phosphate removal (90 to 98 %) by immobilized algal cells has been reported previously (Tam 
and Wong, 2000; Fierro et al., 2008).  

Availability of carbon source is considered a key factor in nitrogen removal by microalgae (Kaya et al., 
1996). In our experiments, although CO2 enrichment was not provided to cultures, yet N- removal efficiency 
wasn’t significantly affected. The initial concentration of carbonate (57 mg/l) and bicarbonate (361 mg/l) in 
wastewater was probably a helping factor in this issue.  

One of the main interests for microalgae in biotechnology is focused on their use for heavy metals removal 
from effluents and wastewater (Broures et al., 1989; Mallik, 2002; Martinez et al., 2006). In the present study, 
immobilized S. obliquus cells tend to increase metal uptake by biomass. Final concentration of total trace metals 
were 96.5% lower than initial ones. These metals include: Al, Ba, Cr, Cu, Fe, Mn and Sr, the rest of assayed 
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metals (Table 1) were below detection limits in final assessment. In our case study, the wastewater sample used 
as microalgal culture medium harbored the minerals and trace metals fundamentally required for cell growth and 
photosynthesis. Based on this idea, the general improvement in wastewater quality could be clarified. 
 
3.3. Photosynthetic and secondary metabolites yield: 

 
Aquatic microalgae, including the green alga Scenedesmus, have been studied for their potential in several 

industrial fields, including fish and animal feeding (Urrutia et al., 1995), pharmaceutical products as  - 

carotene, astaxanthin and lutein (Shon et al., 2004; Kim et al., 2007; Qin et al., 2008), as well as biodiesel and 
biohydrogen production (Schenk et al., 2008; Rupprecht, 2009; Mata et al., 2010). In the present study, algal 
cells during their mineralization of nitrogenous compounds were able to accumulate a variety of valuable 
compounds; data obtained are summarized in Table 2. 
 
Table 2: Comparison between Scenedesmus obliquus cells grown on synthetic medium and wastewater. 

Estimated criteria (%) S. obliquus cells grown on synthetic medium S. obliquus cells grown on wastewater 
Proteins 48 55 
Carbohydrates 14.0 11.0 
Fatty acids 12.0 15.5 
Chlorophyll 5.2 6.7 

 
As shown in Table 2, the mean proteins content (55%) of S. obliquus cells grown on wastewater was 

considerably higher than the value for the same microalga grown on a synthetic mineral medium (48%). These 
results were consistent with those reported recently by Carioca et al. (2009) who mentioned that protein content 
of S. obliquus was within 50-56%. On the other hand, Martinez et al. (2000) reported lower levels for protein 
content (11.8%) of S. obliquus when grown on wastewater than control. Voltolina et al. (2005) studied nitrogen 
removal and recycling by S. obliquus in semi-continuous cultures using artificial wastewater of 30 and 40% 
dilutions. Under this regime, 33–35% of protein content was accumulated within cells depending on dilution 
rate. These differences among reported data could be attributed to the variation in nitrogen content among 
different wastewaters and synthetic medium, since protein synthesis is directly related to the nitrogen content of 
the culture medium. 

Regarding carbohydrates content of cultivated S. obliquus cells in synthetic mineral medium and 
wastewater, the mean values were 14% and 11%, respectively (Table 2). This was within standard previous 
reports (10-17%) (Sialve et al., 2009).The slight decrease recorded in cells grown in wastewater could be due to 
the presence of inhibitors and impurities.  

During S. obliquus cultivation in wastewater, fatty acids content increased by 3.5% in comparison with that 
recorded in control (Table 2). Similarly, Kim et al. (2007) recorded higher individual fatty acid levels for three 
Scenedesmus sp. cultures grown in wastewater. In another study involving S. obliquus, lipid levels were 
measured at 12% and 14% per dry weight (Packer, 2009). In general, when algal cells are grown under 
environmental stress conditions, lipid and fatty acid concentrations tend to be higher than in cases in which they 
are grown under favorable conditions (Kim et al., 1996).   

In the present study, the most abundant fatty acids were palmitic (C16:0) and oleic (C18:0), their 
percentages were 58% and 28% in the same order when S. obliquus cells grown in synthetic medium. On the 
other hand, during cultivating S. obliquus in wastewater, the quantity of oleic fatty acid decreased but myristic 
fatty acid increased to nearly 10%. Microalgal cells grown under favorable growth conditions evidenced a high 
ratio of C16:0 and C18:1 as reported by Kim et al. (1996). Similarly, Martinez et al. (2000) pointed out that the 
most abundant fatty acid within the monounsaturated group was oleic, which together with palmitic, represent 
the two main fatty acids. 

The chlorophyll content of S. obliquus cells grown in wastewater was found to be 1.5% greater than that 
recorded in synthetic mineral medium (Table 2). The overproduction of chlorophyll pigment could be explained 
in terms of increased protein content or presence of metal ions which activate enzyme system responsible for 
chlorophyll synthesis. 

 
Conclusion: 

 
In the present study, we demonstrate the green microalga Scenedesmus obliquus immobilized in sponge 

cubes as an efficient and cost-effective bioremediation technology for nitrogen depollution of wastewater 
contaminated with nitrogenous fertilizers, without the need for any culture medium additives. The immobilized 
cells showed better efficiency than free cells in N-removal, which was converted into more attached biomass 
that could be easily deimmobilized by squeezing the sponge. The free biomass can be used for feeding animals, 
for heavy metal accumulation, or for the extraction of a variety of valuable compounds. The clean sponge can be 
reused almost indefinitely. 
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