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Abstract 

The removal of heavy metals from our environment especially wastewater is now 

shifting from the use of conventional removal method such as chemical 

precipitation, coagulation and membrane filtration to the use of bioremoval 

method. The presence of heavy metals in the environment is of major concern 

because of their toxicity, bioaccumulating tendency, and threat to human life and 

the environment. In recent years, many low cost sorbents such as microalgae, 

fungi bacteria and lignocellulosic agricultural by-products have been investigated 

for their biosorption capacity towards heavy metals. In this project, the focus is on 

bioremoval of heavy metals in wastewater using marine microalgae. The study 

will be emphasize on the efficiency of two marine microalgae named 

Nannochloropsis oculata and Tetraselmis chuii in treating the Lead (Pb) content 

in industrial wasterwater. An experiment on the effect of various Pb concentration 

(10/20/40/60/80/100mg/L) towards the microalgae has been studied. The obtained 

result showed that the content of  chlorophyll-A in the microalgae sample, after 7 

days of exposures to Pb, decreased as the Pb concentration increased. Besides 

that, Tetraselmis chuii was found to be more sensitive compared to 

Nannochloropsis oculata where both were able to tolerate the Pb concentration of 

up to only 20mg/L and 60mg/L, respectively. 
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1.  Introduction 

Rapid industrialization causes constant release of contaminants into 

wastewater which cause serious harm to human health. Among all water 

contaminations, heavy metal ions have high toxic and nonbiodegradable 

properties which may cause severe health problems in animals and human 
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beings [1]. Some of the heavy metals, such as copper (Cu), nickel(Ni), and 

zinc(Zn) at very low concentrations essential for life (also termed 

microelements or trace elements) because they play important roles in 

metabolic processes taking place in living cells [2].  

However, elevated levels of these metal ions are toxic to most prokaryotic and 

eukaryotic organisms. Other heavy metals such as cadmium (Cd), lead (Pb), and 

mercury(Hg) are nonessential and are known to cause severe damage in 

organisms even at very low concentrations. Pb is a heavy metal element which 

forms complexes with oxo-groups in enzymes to affect virtually all steps in the 

process of heamoglobin synthesis and porphyrin metabolism [3]. Toxic levels of 

Pb in man have been associated with encephalopathy, seizures and mental 

retardation [4]. Wastewater from many industries, including chemical 

manufacturing, battery manufacturing industries, metallurgical, leather tanning, 

and mining, contain lead [5]. These wastewater with heavy metal ions are 

discharged into natural water directly, not only threat the aquatic organisms, but 

may be enriched by precipitation, adsorption, and harmed human health through 

the food chain. 

Heavy metal ions could be eliminated by several traditional techniques, 

including chemical precipitation [6], reverse osmosis [7], electrochemical 

treatment techniques [8], ion exchange [9], membrane filtration [6], coagulation 

[7], extraction [10], irradiation [11], and adsorption [12]. Amongst all the 

treatments proposed, adsorption using sorbents is one of the most popular 

methods since proper design of the adsorption process will produce high-quality 

treated effluents. Adsorption is a well-known equilibrium separation process. It is 

now recognized as an effective, efficient and economic method for water 

decontamination applications and for separation purposes. The adsorbents may be 

of mineral, organic or biological origin. Several types of non-biological materials, 

such as activated carbons [13], clay minerals [14], chelating materials [15], and 

chitosan/natural zeolites [16] have been researched to adsorb metal ions from 

aqueous solutions. Although non-biological sorbents could remove heavy metal 

ions from wastewater, the high cost, low sorption capacities and efficiencies 

limits their application. 

Recently, numerous approaches have been studied for the development of 

cheaper and more effective adsorbents from natural products. Biosorption is a 

physiochemical technique that uses biomass as adsorption medium.  It involves 

the detoxification of hazardous substances instead of transferring them from one 

medium to another by means of microbes and plants. This process is characterized 

as less disruptive and can be often carried out on site, eliminating the need to 

transport the toxic, materials to treatment sites. Due to the high uptake capacity 

and very cost-effective source of the raw material, biosorption is a progression 

towards a perspective method. Various biomaterials have been examined for their 

biosorptive properties and different types of biomass have shown levels of metal 

uptake high enough to warrant further research. There were a number of studies 

being carried out using biosorbents such as algae [17], saw dust [18], sugar beet 

pulp [19], papermill sludges [20], corncob [12}, wheat straw [18], baker’s yeast 

[21] and fungal biomass [17]. 

A special attention was focused on microalgae based sorbents, due to their 

abundant availability in the natural environment and are well adapted to a wide 
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range habitats, for example fresh and seawater, domestic and industrial effluent, 

salt marshes, and constructed wetlands. They have a remarkable ability to take up 

and accumulate heavy metals from their surrounding environment [22 - 24].  

Hence, adsorption on microalgae shows potential as one of the most 

efficient methods for the treatment and removal of heavy metals over other 

methods because of its simple design and can involve low investment in term of 

both initial cost and land requires. Besides, the increasing number of 

publications on adsorption of toxic compounds by various microalgae shows 

that there is a recent interest in the design of new adsorption system for heavy 

metal removal using this cost-effective green technology. Marine microalgae, 

the largest primary biomass, have been attracting attention as resources for new 

metabolites and biotechnologically useful genes especially for wastewater 

treatment. The current study will be conducted using two marine microalgae 

named Nannochloropsis oculata and Tetraselmis chuii to identify their 

efficiency as prospective biosorbent on Pb in industrial wastewater effluent. 

The most notable structural alteration in microalgae cells treated with heavy 

metals ions was chloroplasts which appeared to be the primary target of metal 

contamination. Therefore, in this study the content of chlorophyll-A was 

investigated as the function of various Pb concentrations. 

 

2.  Materials and Methods  

2.1.  Microalgae culture 

Nannochloropsis oculata and Tetraselmis chuii obtained from Malacca straits 

were cultured in F2 medium which is a common and widely used general 

enriched seawater medium designed for growing coastal marine algae, especially 

diatoms. The microalgae from exponential phase were introduced to the standard 

culture media. These microalgae cultures were incubated at 24 ±2oC under 

continuous illumination and regularly subculture until used. The microalgae 

sample that will be introduced to Pb solution for biosorption was collected from 

the exponential phase of growth (9-12days). 

 

2.2. Heavy metal sample preparation 

Stock solution of the heavy metal was prepared by adding 100mg Pb(NO3)2 in 1L 

distilled water to obtain the final concentration of 100mg/L.  From this stock solution, 

serial dilution was carried out to obtain the test concentrations of 0, 10, 20, 40, 60, 80 

and 100mg/L where the final volume of each flask was 20 ml. 

 

2.3. Measurement of microalgae growth 

A known volume of microalgae culture was transferred into each flask containing 

Pb solution. The samples placed and maintained at light intensity of 30µE/m2s 

under room temperature for 7 days. The chlorophyll-A content in each sample 

were analysed by measured the absorbance at 688nm using a UV-Vis 

Spectrophometer (Perkin-Elmer Lambda 35, Waltham, US) 
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3. Results and Discussion 

According to Vogel [24], absorbance above 0.1 at 688nm (chlrophyll-A 

content) shows the ability of a microalgae to survive in a medium up to the 

respective heavy metal concentration. The data in Fig. 1 illustrated that, 

Nannochloropsis Oculata and Tetraselmis chuii able to tolerate Pb 

concentration up to 60mg/L and 20mg/L, respectively (absorbance>0.1). 

Cellulose is a polymer constituted of linked monomeric glucose units b-1,4 the 

structure of which can provide a series of hydroxyl groups as potential binding 

sites for Pb uptake. Several published works on the use of green algae have 

already shown a high bioaccumulation of metals, the process being attributed to 

the displacement of hydrogen ions from the algal structure [25]. A similar 

behaviour should have occurred with Tetraselmis chuii and Nannochloropsis 

Oculata cells, through polysaccharides of similar chemical structures. 

Nevertheless, it is also possible that a series of proteins was also responsible for 

Tetraselmis chuii and Nannochloropsis Oculata to withstand in a high Pb 

concentration. These proteins are associated with structural polysaccharides in a 

unique network forming the cell wall. Their constituent amino acid composition 

provides additional binding sites for the uptake of heavy metals.  

However, from Fig. 1 it’s proves a strong inhibition of chlorophyll-A 

biosysnthesis in Tetraselmis Chuii compared to Nannochloropsis Oculata. A 

complete destruction of algal cell at concentration above 20 mg/l and 60 mg/l 

were found in Tetraselmis Chuii and Nannochloropsis Oculata, respectively. This 

means that the efficiency of the photosynthesis apparatus seemed to be less 

affected by Pb on Nannochloropsis Oculata and severely altered on Tetraselmis 

Chuii. The significant reduction in chlorophyll-A content in microalgae shows 

that the particular heavy metal concentration started to exhibit stimulatory effect 

to the microalgae growth. 

 

 
Fig. 1. The optical density at 688nm (chlorophyll-A content) of 

Nannochloropsis Occulata and Tetraselmis Chuii as a function  

of the initial lead concentration in the growth medium. 
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Besides, the graph configuration also clearly illustrated that the increase of 

Pb concentrations in medium causes the decrease of the chlorophyll-A content. 

The result is in parallel with the result reported by Shjarul [26] and Antonio [27] 

who studied the effect of Pb ion on the chlorophyll-A content of Tetraselmis 

Chuii. Wang and Dei [28] and Inthorn [29] reported that the addition of Pb ion 

caused the decrease of photosynthesis process and nutrient uptake. It can be seen 

that the decreasing chlorophyll-A pattern should be associated with a gradual 

saturation of the binding sites in the surface layers of the algae; for each initial Pb 

concentration, a solid/liquid equilibrium is obtained, and this equilibrium between 

the solid phase (Tetraselmis chuii and Nannochloropsis Oculata) and the liquid 

phase (Pb solutions) determines the amount of accumulated metal, if one 

considers that the bioaccumulation process is restricted to surface processes. 

However, when the most concentrated Pb solution was used, a significant 

decrease in the chlorophyll-A was observed. This decrease is probably associated 

with damage in the cell wall. The specific mode of action of Pb upon the 

microalgae certainly depends on the detoxification level promoted by the cells; 

that is, it depends on the amount of Pb accumulated by the cells. The literature 

reports that the bioaccumulation of heavy metals can cause pronounced 

modifications in the cell wall, changing cell morphology [30]. These 

modifications may affect the permeability of the cell wall, altering the transport of 

liquids in the cells and increasing the condensation of external structural 

components. Thomas [31] described the toxic effect of Pb on Thalassiosira 

aestivalis cells, reporting the formation of cell clumps owing to the presence of 

heavy metals, thereby indicating that Pb promoted marked structural changes as 

well as substantial effects on chlorophyll-A content.  

 

4. Conclusions 

The efficiency of two marine microalgae named Nannochloropsis oculata and 

Tetraselmis chuii in treating the Pb content in industrial wasterwater were 

indicated and explained based on their behaviour on chlorophyll-A content under 

controlled light and temperature conditions. Tetraselmis chuii was found to be 

more sensitive compared to Nannochloropsis oculata which proved by their 

capacity to tolerate the Pb concentration up to 20mg/L and 60mg/L, respectively. 

The response of Nannochloropsis oculata in this study shows its prospect to work 

as an effective biosorbents in wastewater treatment particularly for Pb removal. 

 

References 

1. Wang, X.; Guo, Y.; Yang, L.; Han, M.; and Zhao, J. (2012). Nanomaterials 

as sorbents to remove heavy metal ions in wastewater treatment. Journal of 

Environmental & Analytical Toxicology, 2, 154-158. 

2. Gadd, G.M. (2009). Biosorption: critical review of scientific rationale, 

environmental importance and significance for pollution treatment. Journal 

of Chemical Technology and Biotechnology, 84, 13–28 

3. Ademorati, C.M.A. (1996). Environmental Chemistry and Toxicology. 

Pollution by Heavy metals. Foludex Press Ibadan. 



48      M. Ranitha et al. 

 
 
Journal of Engineering Science and Technology                Special Issue 7/2016 

 

4. Schumann, K. (1990). The toxicological estimation of the heavy metal 

content (Cd, Hg, Pb) in food for infants and small children. Z 

Ernahrungswiss, 29, 54 – 73. 

5. Chen, C.; and Wang, X. (2011). Adsorption of Ni(II) from aqueous solution 

using oxidized multiwall carbon nanotubes. Indian Engineering Chemistry 

Research, 45, 9144-9149. 

6. Ersahin, M.E.; Ozgun, H.; Dereli, R.K.; Ozturk, I.; and Roest, K. (2012). A 

review on dynamic membrane filtration: Materials, applications and future 

perspectives. Bioresource Technology, 122, 196-206. 

7. Heidmann, I.; and Calmano, W. (2013). Removal of Cr(VI) from model 

wastewaters by electrocoagulation with Fe electrodes. Separation and 

Purification Technology, 61, 15-21 

8. Rayman, S.; and White, R.E. (2010). Simulation of reduction of Cr(VI) by 

Fe(II) produced electrochemically in a parallel plate electrochemical reactor. 

Journal of The Elctrochemical Society, 156, 96-104 

9. Xing, Y.; Chen, X.; and Wang, D. (2007). Electrically regenerated ion 

exchange for removal and recovery of Cr (VI) from wastewater. 

Environmental Science and Technology, 41, 1439-1443. 

10. Rykowska, I.; Wasiak, W.; and Byra, J. (2012). Extraction of copper ions 

using silica gel with chemically modified surface. Chemical Papers, 62, 

255-259. 

11. Batley, G.E.; and Farrar, Y.J. (1978). Irradiation techniques for the release of 

bound heavy metals in natural waters and blood. Analytica Chimica Acta, 99, 

283-29. 

12. Srivastava, V.; Weng, C.H.; Singh, V.K.; and Sharma, Y.C. (2011). 

Adsorption of nickel ions from aqueous solutions by nano alumina: Kinetic, 

mass transfer, and equilibrium studies. Journal of Chemical Engineering 

Data, 56, 1414-1422. 

13. Kobya, M.; Demirbas,  E.; Senturk,  E.; and Ince, M. (2014). Adsorption of 

heavy metal ions from aqueous solutions by activated carbon prepared from 

apricot stone. Bioresource Technology, 96, 1518-1521 

14. Oubagaranadin, J.U.K.; and Murthy, Z.V.P. (2013). Adsorption of divalent 

lead on a montmorillonite-illite type of clay. Industrial & Engineering 

Chemistry Research, 48, 10627-10636. 

15. Sun, S.; Wang, L.; and Wang, A. (2011). Adsorption properties of 

crosslinked carboxymethyl-chitosan resin with Pb(II) as template ions. 

Journal of Hazardous Materials, 136, 930-937. 

16. Wang, X.; Zheng, Y.; and Wang, A. (2010). Fast removal of copper ions 

from aqueous solution by chitosan-g-poly(acrylic acid)/attapulgite 

composites. Journal of Hazardous Materials, 168, 970-977. 

17. Igwe, J,C.; and Abia, A.A. (2010). A bioseparation process for removing 

heavy metals from waste water using biosorbents. Africal Journal of 

Biotechnology, 5(12), 1167-1169. 

18. Bitra, V.S.P.; Womac, A.R.; Chevanan, N.; Miu, P.I.; Igathinathane, C.; and 

Sokhansanj, S. (2010). Direct mechanical energy measured of hammer mill 

comminution of switchgrass, wheat straw, and corn stover and analysis of 

their particle size distributions. Powder Technology, 193, 32-45. 



Bioremoval of Lead in Industrial Wastewater by Microalgae        49 

 
 
Journal of Engineering Science and Technology                Special Issue 7/2016 

 

19. Alkaya, E.; and Demirer, G.N. (2010). Anaerobic acidification of sugar-beet 

processing wastes: Effect of operational parameters. Biomass and Bioenergy, 

35, 32-39. 

20. Kanth, M.; and Bergström, J. (2010). Discharges to water and sewage sludge 

production in 2008-   Municipal waste water treatment plants, pulp and paper 

industry and other industry. Bioresource Technology, 81, 1538-1541. 

21. Kalyuzhnyi, S.; Gladchenko, J.; Starostina, G.; Shcherbakov, S.; and 

Versprille, A. (2011). Combined biological and physico-chemical treatment 

of baker's yeast wastewater. Water Science and Technology, 52, 175–181. 

22. Mishra, A.; Kavita, K.; and Jha, B. (2011). Characterization of extracellular 

polymeric substances produced by micro-algae Dunaliella salina. 

Carbohydrate Polymers, 83, 852–857. 

23. de Philippis, R.; Colica, G.; and Mecarozzi, P. (2011). Exopolysaccharide-

producing cyanobacteria in heavy metal removal from water: Molecular basis 

and practical applicability of the biosorption process. Applied Microbiology 

and Biotechnology, 92, 697–708. 

24. Vogel, M.; Gunther, A.; Rossberg, A.; Li, B.; Bernhard, G.; and Raff, J. 

(2010). Biosorption of U(VI) by the green algae Chlorella vulgaris in 

dependence of pH value and cell activity. Science and Total Environment, 40, 

384–395. 

25. Crist, R.H.; Oberholser, K.; Shank, N.; and Nguyen, M. (1981). Nature of 

bonding between metallic ions and algal cell walls. Environmental Science 

and Technology, 15, 1212–1217. 

26. Sjahrul, M.; and Arifin (2012). Phytoremediation of Cd by Marine 

Phytoplanktons, Tetraselmis Chuii and Chaetoceros Calcitrans. International 

Journal of Chemistry, 4(1), 69-74. 

27. Antonio, C.A.; da Costa, F.; and de Franca. P. (1998). The behaviour of the 

microalgae Tetraselmis chuii in cadmium-contaminated solutions. 

Aquaculture International, 6, 57-6 

28. Wang, X.; and Dei, R.C.H. (2001). Effects of major nutrient additions on 

metal uptake in phytoplankton. Environmental Pollution, 111, 233-240. 

29. Inthorn, D. (2011). Removal of heavy metal by using microalgae. 

Photosynthetic Microorganism in Environmental Biotechnology. Springer-

Verlag Hong Kong Ltd., 310, 111-169. 

30. Vymazal, J. (1987). Toxicity and accumulation of cadmium with respect to 

algae and cyanobacteria: A review. Toxicological Assessment: An 

International Quarterly, 2, 387–415. 

31. Thomas, W.H.; Hollibaugh, J.T.; and Serbert, D.L.R. (1980). Effect of heavy 

metals on the morphology of some marine phytoplankton. Phycologia, 19, 

202–209. 


