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ABSTRACT 

Among major potential environmental impacts related to leachate is contamination of groundwater through 

infiltration of organic and inorganic compounds which are transported in the leachate. Ground water table 

should be free from contamination as it makes up to about 20% of the world’s fresh water supply, which makes 

it an important resource as natural storage that can buffer against shortages of surface water. This research 

was conducted to determine the capability of Spirulina Platensis to remove pollutants from leachate. The study 

was carried out by using cultured Spirulina Platensis as a biological treatment for the leachate taken from 

Jeram Landfill in Kuala Selangor. The optimum condition for culturing spirulina is at about 25.7
o
C, with DO of 

3.36 mg/L, and pH of 9.28. This treatment was conducted in the laboratory under lighted condition. An aeration 

pump was installed to enhance the aeration process in order to increase the oxygen level. The aeration process 

has the ability to reduce time of treatment. From this study it was found that the cultured spirulina has 

significantly increased the water quality as it reduces up to 27% of COD, 53% of BOD and 86% of TSS while 

improving the pH, by 10%.  Spirulina Platensis is also capable of removing about 64% Lead and 63% Zinc.   
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INTRODUCTION 

Landfill leachate is liquid that drains from a landfill. This liquid may either exist already in the landfill, or it 

may be created after rainwater mixes with the waste. Modern landfill sites require that the landfill leachate be 

collected and treated. Since there is no method to ensure that rainwater cannot enter the landfill site, landfill 

sites must have an impermeable layer at the bottom. The landfill leachate that collects at the bottom must be 

monitored and treated. This liquid can be treated in a similar manner to sewage, and the treated water can then 

be safely released into the environment. Meeting progressively more stringent discharge requirements is a 

difficult task for any landfill. Studies have been made and several methods have been developed to treat 

leachate. However, conventional techniques, such as chemical precipitation, ion exchange, activated carbon 

adsorption and membrane separation processes have limitations for the removal of heavy metals from 

wastewater. They become inefficient and expensive especially when the heavy metal concentration is less than 

100 ppm [11]. The ability of microorganisms to accumulate metal ions from aqueous solutions has been widely 

reported. [13, 16]. Spirulina has been proven to treat wastewater by degrading the organic matter and heavy 

metals. Spirulina is a tiny blue-green algae in the shape of a perfect spiral coil. Biologically speaking, it is one of 

the oldest inhabitants of the planet. Its scientific name is Arthrospira Platensis. Appearing 3.6 billion years ago, 

it provided an evolutionary bridge between bacteria and green plants. It is a potential alternative to conventional 

processes for the removal of metals hence treating leachate in general. 

MATERIALS AND METHODS 

Culturing Spirulina Platensis 
Spirulina platensis is a cyanobacteriam that has high protein content and therefore, a high nutritional value. It 

can be cultivated either in a liquid or in a solid culture [11]. The sample of cultured spirulina was obtained from 

the biotechnology laboratory. The condition for culturing spirulina however, needs to be maintained in order to 

make sure that the microorganism is alive during the treatment process. Before starting the treatment, the 

spirulina were placed in conical flasks that were put on the orbital shaker and under the fluorescent lighting. The 

optimum temperature for culturing the spirulina was maintained at 25.7
o
C, from average value. This complies to 

the statement by Goksan et al. (2007) the optimum temperature for spirulina  is in the range of 15 – 35
o
C. Figure 

1 shows the spirulina during the culturing process in the conical flask and Figure 2 shows the spirulina under 

microscope. 
 

mailto:hazmin@unisel.edu.my


International Journal of Engineering and Technology, Vol. 8, No.2, 2011, pp. 57-60 

ISSN 1823-1039 2011 FEIIC 

58 

   
Figure 1              Figure 2 

Figure1: Spirulina during the culturing process in the conical flask and Figure 2 spirulina under microscope. 

 

Treatment of leachate using cultured spirulina 
The experiments were carried out for 21 days. Sampling was done after 7 days of treatment for 14 days (day 

21). The analyses were considered on the percentage of removal of the parameters of water quality like the 

COD, BOD and pH. The ratio of leachate to spirulina used is 3 to 2 as per previous study done by Chen and 

Pan, (2005). A filtration pump was installed to centrifuge at 2.4 rpm. The whole process of treatment was 

carried out at room temperature and under lighted condition using 125watt white fluorescent lamp to maintain 

the optimum condition for the spirulina to be cultured. The filtration pump was also installed to enhance the 

production of oxygen.  Figure 3 shows the schematic layout of the experiment. 
 

 

  
      Figure 3: Schematic layout of the experiment             Figure 4: Leachate treatment plant in Jeram landfill 

 

 

The sample of leachate was taken from the Jeram Landfill in Kuala Selangor as per Figure 4. The leachate was 

then analyzed to obtain the quality of water before the treatment stated.  

RESULTS AND DISCUSSION 

The laboratory analysis of the leachate is required to determine the effectiveness of pollutants removal using 

cultured spirulina.  The untreated leachate which was obtained from Worldwide Landfill in Jeram, Kuala 

Selangor was analyzed to determine it’s current condition and qualities. The removal efficiency of Lead ranges 

from 4.3 to 5.33 mg/L as illustrated in Figure 4.11. The result for lead showed a removal of about 64%. The 

biosorption studies showed that algae had a great potential for adsorbing the heavy metal on to the cell and 

indicate the possibility of the algae to be a good biosorbent. Effluent of discharge must comply with Standard B 

which was 100 mg/L of limit discharge, according to Environment Quality Act (1974).  

 

Percentage of removal and compliance with Malaysian discharge for the treatment was summarized in Table 

4.2. According to Environment Quality Act (1974), the effluent must comply with Standard B which is 

discharged into any other inland water or effluent in downstream. As shown below, after being treated with the 

cultured spirulina, some of the parameters did not comply with the discharge limit. The percentage of removal, 

however, shows the increment. A longer retention time is required to remove the three parameters that were not 

complying with the discharge limit. It can be concluded that treatment by using cultured spirulina can remove 

Fluorescent lamp 

Filtration pump 
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all the parameters ranging from 10 % to 86 % (at the end of treatment). TSS was the most effectively removed 

from the leachate, followed by BOD5, lead and zinc. The lowest percentage of removal on this treatment was pH 

and COD which is 10% and 27% respectively. The study showed that treatment by using cultured spirulina is 

capable of removing all these parameters. 
 

Table 1: Percentage of Removal & Compliance with Malaysian Discharge for Standard B 

 

CONCLUSIONS 

There were several conclusions that can be drawn in this study. The optimum condition for culturing spirulina 

based on temperature, dissolved oxygen (DO) and pH value. After 5 days (cultured), the characteristic of 

spirulina at temperature of 25.7
o
C, 3.36 mg/L of DO, and 9.28 of pH is considered stable. In addition, the colour 

of the conical flask cultures turned to green after 5 day growth indicating that the spirulina is healthy and alive. 

After the treatment, Spirulina Platensis showed great potential in removing BOD, Lead, Zinc, and TSS in 

leachate. After 7 days of treatment, Spirulina Platensis started showing some removal of BOD and TSS in water 

quality analysis which was 53% and 86%, respectively. The cultured spirulina also reduced 10% of pH, and 

27% of COD in leachate. The cultured spirulina has the ability to treat leachate and can reduce the water quality 

parameters in leachate. The result showed that COD, TSS, lead, and zinc does not fulfil the Standard B for 

discharge to the river. The potential of reducing the concentration of heavy metal, however is very high if the 

retention time was extended. It showed that the algae had a great potential for reducing the heavy metal on to the 

cell. The cells of spirulina were also found to have high potential for removing lead and zinc. However, there 

are still many uncertainties associated with the treatment of leachate by algae and more detailed investigation is 

required. 

REFERENCES 

[1] Chen Hong and Pan Shan-Shan (2005). Bioremediation potential of spirulina: Toxicity and biosorption 

studies of lead. Journal of Zhejiang University SCIENCE.  

[2] Chistensen, T.H.,   C. Raffaello and S. Rainer,   (1992). Landfill Leachate In: Land Filling of Waste 

Leachate, Christensen, T.H. and R. Stengmann (Eds.). St. Edmundsbury Press,  Bury St. Edmunds, 

Suffolk, Great Britain, pp: 14. 

[3] Christensen, T. H., Kjeldsen, P., Albrechtsen, H.-J., Heron, G., Nielson, P. H., Bjerg, P. L., and Holm, 

P.E., (1994). Attenuation of Landfill Leachate Pollutants in Aquifers: Critical Reviews in Environmental 

Science and Technology, v. 24, no. 2, p. 119-202. 

[4] Dato’Prof. Ir. Dr. ZainiUjang. Waste: Characteristics & Regulatory Requirements.Workshop on Design 

Procedures and Technologies for Industrial Waste BioTreatment IPASA-UTM @ BATC Kuala Lumpur 

City Campur, 20-21 Nov 2007. 

[5] Gannikar Disyawongs (2002). Accumulation of Copper, Mercury and Lead in Spirulina Plantesis studied 

in Zarouk’s Medium. The Journal of KMITNB, Vol. 12, No. 4.  

[6] Hong Chen and Shan-shan Pan (2005). Bioremediation potential of spirulina: toxicity and biosorption 

studies of lead. Journal of Zhejiang University Science 6(3): 171–174.  

[7] Jorge Alberto  Vieira Costa,  Luciane Maria  Colla,  and  Paulo  Duarte  Filho (2003).   Spirulina  

platensis  Growth  in  Open Raceway  Ponds  Using  Fresh  Water  Supplemented  with Carbon, Nitrogen 

Parameter Unit Influents 

(Before 

Treatment) 

Effluents 

(After 

Treatment) 

Percentage 

of  

Removal 

(%) 

Compliance with 

Malaysian Discharge 

for Standard B 

pH - 7.72 8.50 10 Below Limit 

COD mg/L 1222 890 27 Above Limit 

BOD5 mg/L 15.97 7.49 53 Below Limit 

TSS mg/L 27227 3700 86 Above Limit 

Lead mg/L 13.3 4.8 64 Above Limit  

Zinc mg/L 15.2 5.6 63 Above Limit 



International Journal of Engineering and Technology, Vol. 8, No.2, 2011, pp. 57-60 

ISSN 1823-1039 2011 FEIIC 

60 

and Metal Ions.Z. Naturforsch. 58c, 76D80. 

[8] Kapoor A. Viraraghavan T. and Roy D. (1999) Removal of heavy metals using the fungus Aspergillus 

niger. Bioresour Technol. 70:95–104. 

[9] Katarzyna Chojnackan (2007) Bioaccumulation of Cr (III) ions by Blue-Green alga Spirulina sp. Part I. A 

Comparison with Biosorption. Journal of Agricultural and Biological  ISSN 1557-4989. 

[10] Krishnani,   K. K.,   Meng, X.,   Christodoulatos, C., &    Boddu, V.M.  (2007).    Biosorption Mechanism 

of nine different heavy metals onto biomatrix from   rice husk.   Journal    of Hazardous Materials pp.1 – 

13Sun, G. & Shi, W. (1998) Sunflower stalks as  adsorbents for the removal of metalions from 

wastewater, Ind. Eng. Chem. Res, 37: 1324–1328. 

[11] Lúcia Helena Pelizer, J.C.M. Carvalho,  Sunao Sato,  and  Iracema  de Oliveira  Moraes,  (2002). 

Spirulina platensis growth estimation by   pH determination at different cultivations conditions. 

Electronic Journal of Biotechnology. Vol.5 No.3, Issue of December 15. 

[12] Murugesan A.G. Maheswari S. and Bagirath G. (2008). Biosorption of Cadmium by Live and 

Immobilized Cells of Spirulina Platensis. International Journal of Environmental  Research. Vol. 2, No. 

3, pp.307-312. 

[13] Rangsayatorn N.     Pokethitiyook P.     Upatham ES.   and     Lanze  GR.   (2004).    Cadmium 

biosorption by cells of Spirulina platensis TISTR 8217 immobilized in alginate and silica gel. 

Environmental International. 30(1):57–63. 

[14] Regine H. S. F. Vieira and Boya Volesky (2000). Biosorption: a solution to pollution. Journal of 

International Microbial, 3:17-24. 

[15] Richmond A (2004). Arthrospira (Spirulina) platensis. ed. Handbook of Microalgal Culture 

Biotechnology and Applied Phycology. Blackwell Science Ltd.; Oxford,pp. 264-272. 

[16] Ting YP. Lawson F. and Prince IG. (1989). Uptake   of   cadmium   and zinc   by   the   alga Chlorella 

vulgaris:  part 1.   Individual   ion species.  Biotechnology and   Bioengineering. 34:990.Tolga   Goksan,    

Ayßegl    ZEKERÜYAOÚLU,   and   Ülknur AK   (2007).   The Growth of Spirulina platensis in 

Different Culture Systems Un 

 

 

 


