
 
 

121 
 

ADSORPTION OF Cd AND Pb USING BIOMASS OF MICROALGAE 
SPIRULINA PLATENSIS 

 
  

*Lily Surayya Eka Putri1, Putri Sintya Dewi1 and Dasumiati1 

 
1* Faculty of Science and Technology, State Islamic University Syarif Hidayatullah Jakarta, Indonesia 

 
*Corresponding Author, Received: 12 Nov. 2016,   Revised: 8 May 2017, Accepted: 24 May 2017 

 
 

ABSTRACT: Microalgae is one of the most common sources of biomass for heavy metal removal from wastewater. 
Spirulina platensis is one of Indonesia's blue-green algae species found in Indonesian waters and has the ability to 
adsorb heavy metals, but very little is used for metal adsorption. As a cost-effectiveness approach, S. platensis was 
selected in this study which aimed to determine the effectiveness of Cd and Pb uptake by S. platensis for 10 days 
experiment, using Dutatonic solution as microalgae growth medium. The method used was complete random 
sampling with 3 concentration variations and 3 repetitions on each metal. The concentration variations for Cd were 
0.1, 1, 5 mg/L, and 1, 2, 4 mg/L for Pb. The optimum adsorption concentration was tested by AAS. Biomass and cell 
size (length and width)  were also measured to understand the physiological effects of Cd and Pb exposure on S. 
platensis. The results showed that Cd was more effectively adsorbed by S. platensis than Pb which reached 91.8% 
(day 5) at concentrations of 1 mg/L Cd and 84.3% (day 5) at concentrations of 1 mg/L Pb. The biomass and cell size 
of S. platensis were not influenced by the variation of Cd concentration (p>0.05), while Pb was significantly at the 
5% significance level (p <0.05). It can be assumed that Pb was more toxic than Cd for S. platensis because the 
weight of biomass decreased in increasing Pb concentration. 
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1. INTRODUCTION 
 

Industrial wastewater without pre-treatment has 
resulted in many heavy metals pollution problems in 
aquatic ecosystems [1], [2] including ground water 
[3] and ocean [4], [5] or even in soil [6]. This is the 
major issue in Indonesia was reported the serious 
effects to organisms [7], [8]. Heavy metals like 
cadmium and lead are very toxic even at low 
concentrations [9], [10]. Due to the toxic effects to 
organisms, cadmium and lead need to be removed 
before they accumulate in the environment and finally 
will pass into the human food chain which could  
result in health problems. 

Biological agent, such as algae had been studied 
extensively as biosorbent due to their ubiquitous 
occurrence in nature [11]-[15] and high efficiency in 
removing metals through an ion-exchange mechanism 
[16]-[18] Spirulina platensis is one of microalgae 
belonging to Cyanobacteria has high adaptive  ability 
because it is not affected by fluctuating 
environmental changes in physical and chemical 
parameters [19]. Many studies had been carried out 
using S. platensis on heavy metal removal [9], [20], 
[21]-[23]. However, none of them observed the 
effectsof heavy metals to density and cell size of 

microalgae biomass. Moreover, dead cells of S. 
platensis were mostly used in many studies [20], [21], 
[23], but less studies used living cells.   

The study using local strain of S. platens is for 
heavy metal adsorption is also limited. Therefore, this 
study used living cells of S. platensis from local 
strain-INK to observe the adsorption ability of Cd and 
Pb in aqueous solution. The efficiency of Cd and Pb 
ions removal were also analyzed associated with 
biomass and size of cells.   
 
2. MATERIALS AND METHODS 

 
The algae species used in this study was 

Spirulina plantesis obtained from the Laboratory of 
Limnology, Cibinong LIPI Bogor. The microalgae 
culture was maintained for mass multiplication in 
modified commercial leaf fertilizer (Dutatonik H-16) 
and incubated at 25oC in a growth chamber for 8h-
16h and 3000-3500 lux light using fluorescent tube 
lamps.  

Stock solutions of the heavy metals Cd and Pb 
were prepared, from which concentrations 0 (control), 
0.1, 1, 5 mg/L, and 0 (control),1, 2, 4 mg/L were used 
in case of algae tolerance experiments, respectively.  
A density 500,000 cells/ml of S. platensis was 
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inoculated and exposed to Cd and Pb, with each 
concentration then incubated for 5 and 10 days, in 
triplicate. Physical measurement was also observed 
including temperature, light intensity, humidity and 
pH of the media.  

Each incubation period, day 5 and day 10, 25 ml 
of solution was stirred at 4000 rpm for 10 minutes, 
then the supernatant was measured using Atomic 
Absorption Spectrophotometer Perkin Elmer Analyst 
700 to obtain the metal concentration in each solution 
treatments. The bioremoval efficiency of metals by S. 
platensis algae was calculated by the formula adapted 
from Clesceri et al.[24]: 
𝑆𝑆 =  (𝐶𝐶𝐶𝐶−𝐶𝐶𝐶𝐶)

𝐶𝐶𝐶𝐶
 𝑥𝑥 100%    (1) 

where, S: biosorption efficiency (biosorption 
efficiency) (%); Ci: initial metal concentrations in 
aqueous solution (mg/L); Ce: equilibrium metal 
concentrations in aqueous solution (mg/L). 

To understand the effect of Cd and Pb on S. 
platensis cells, biomass and size of cell were 
observed.  Weight of biomass was counted every day 
for 10 days observation from 3 ml of solution. The 
solution was filtered using filter paper and dried in 
the oven 105°C for two hours. The biomass is the 
difference between the weight of filter paper with 
dried sample on it and the weight of filter paper. The 
cell size consists of length and width of cells which 
were counted using SEM (Scanning Electron 
Microscopy) with magnification of 10x40. All the 
data were analyzed by Pearson’s Correlation using 
Minitab version 16 to determine correlation of each 
variable, including percentage of Cd and Pb 
adsorption, biomass, and cell size. 
 
3. RESULTS AND DISCUSSION 
 

In this study the biosorption of Cd and Pb from 
aqueous solution was examined using the local algal 
strain-NKI of Indonesia Spirulina platensis at 
different variation of initial concentration. The 
biosorption of Cd and Pb after 5 and 10 days of 
incubation period with S. platensis is given in Fig. 1 
and Fig. 2. 

Figure 1 shows that the highest Cd adsorption 
by S. platensis was 91.8% at concentration 1 mg/L of 
Cd, in day 5 of incubation (H5). It was supported 
with decreasing equilibrium concentration at each 
initial concentration.  This rapid Cd adsorption for S. 
platensis was due to the abundant availability of 
active binding sites on microalgae such as – COOH, –
OH and –NH2 [25]. After day 5, cadmium adsorption 
tended to decline as saturation had already occurred.  

The highest adsorption of Pb by S. platensis was 
84.3% lower than that of Cd which also occurred in     

Fig.1 Percentage of adsorption and equilibrium  
concentration of Cd  

 
 
Fig.2 Percentage of adsorption and the equilibrium  
         concentration of  Pb 
 
day 5 of incubation.  This confirms that Cd ions bond 
more selective to S. platensis than Pb ions.This is 
related to the mechanism for intracellular metal 
detoxification in living organisms which is the 
formation of metal-binding peptides or proteins such 
as metallothioneins [26],[27]. Since S. platensis was 
exposed to Cd ions, they secrete proteins from 
intracellular or extracellular spaces to bind the toxic 
metals, so toxic effect is inhibited [26]. Although 
increasing Pb concentration, algae are not all died, in 
opposite some of algae cells are still alive and can 
still adsorp more ions. Whereas decreasing adsorption 
ability of metals at day 10 was due to toxicity effect 
of metals in S. platensis.  It also could be caused by 
the large surface area and the presence of various 
active sites in the cell walls which is dependent on a 
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number of parameters: pH [28], heavy metal type [28], 
algae type [29], [30] and concentration of biomassa 
[28]. The active sites binding was also confirmed in 
other bio-adsorbent such as banana peel Hossain.al 
[31], macroalgae [32] and mushroom  [33].  

The adsorption of metals are also related to 
biomass which provides more availability of active 
sites for binding of ions and this was proved by 
Huang and Lin [34], Putri et al. [35] and 
Soeprobowati & Hariyati [9]. The studies showed 
decreasing biomass at the longer incubation time, 
after rapid growth at first period of incubation. Figure 
3 and 4 exhibit the trend ofbiomass in variety of 
incubation time.It shows that biomass increased until 
day 5 and 6, then decreased slightly with longer 
incubation time. Increasing initial concentration of 
the metals also affected the biomass decline after S. 
platensis was exposed to Pb but not in Cd exposure. 
Statistically, the percentage of Pb exposure to S. 
platensis was significantly correlated to biomass 
(p<0.01, coefficient correlation r = -.473), but not for 
Cd (p>0.05, coefficient correlation r = -.259). 

This is related to toxic effect of metals [35]. It 
can be assumed that Pb ions were more toxic for 
S.platensis than Cd ions.  However, the toxicity of 
metals could be different for other microalgae 

 
Fig.3   Biomass of S. platensis exposed to Cd 
 

 
 Fig.4   Biomass of S. platensis exposed to Pb 

depending on the presence of various active sites 
inthe cell walls [25]. 

Biomass of S. platensis followed the exponential 
pattern which showed growth phase of cell including 
phase of lag, exponential, stationary and death [36]. 
The lag phase occurred at day 1 followed by 
exponential phase at day 2 to 5 when cells grew 
increasingly and biomass increased.  After day 5 to 7, 
cells were in stationary phase marked by maximum 
density of cells. Death phase occurred from day 8 to 
10 and cells decreased slightly. 

The highest biomass was 70.2 mg at 0.1 mg/L of 
Cd concentration on day 5, whereas 72.1 mg of cells 
was obtained on day 5 at 1 mg/l of Pb concentration.  
It proves that biomass can also used to analyze metals 
adsorption by living cells such as microalgae. The 
living cells can adapt well on the treatment medium 
since availability of nutrients in medium was 
maintained. Nutrients [37] and rapid growth ability of 
living cells are the main advantage of biosorption 
technology.  

On day 10, biomass decreased both in Cd and Pb 
exposures which also occurred in higher 
concentration of metal ions. This showed that the 
higher concentration of metal ion, the more toxic 
metal ions which further caused cell dead and 
poisoned. Only surviving cells were able to form 
colonies and continue in cell division. 

Biosorption ability of S. platensis to adsorb metal 
ions was also supported by pH. During the 10 days of 
observation,  pH of observed culture medium was 
fluctuated. The highest adsorption of Cd and Pb were 
in pH 8.8 and 8.79 respectively. Increasing pH value 
on observed medium was caused by the breakdown of 
proteins and other nitrogen compounds which was 
ammonium (NH4

+) as a form of organic compounds 
which proceed decomposition [38]. This compound 
will accumulate and settle in the the bottom of culture 
medium which in further will poison cells and cells 
died. It also interferres the adsorption of dissolved 
oxygen and nutrients which is conducted by the cells 
are still alive [39]. 

However, alkaline pH is not suitable for the 
adsorption of Pbdue to precipitation of ions. This was 
supported by Al-Homaidan et al. [22] which reached 
up to 91% lead adsorption at acidic pH 3, while less 
adsorption of lead obtained in this study, only 84.3% 
at pH 8.79. 

  For Cd adsorption, it showed higher adsorption 
at alkaline pH 8.8. This result was the same as 
reported by Al-Homaidan et al. [21].   The control of 
pH in culture medium is very important to maintain 
the balance of cell growth of S. platensis. 
Temperature and light is able to accelerate the 
metabolism of S. platensis in absorbing metal ions, 
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[40]. In this study, the physical condition of culture 
room demonstrated suitable conditions for growth of 
S. platensis. The temperature was at 26.6°-27.9oC, the 
humidity ranged 71-79%, and the light intensity of 
the culture was around 3008-3014 Lux. 

Other parameter used in this study was cell size 
to analyze the adsorption effects of Cd and Pb in S. 
platensis. The cell size was differed from length and 
width of cells given in Fig. 5 and 6.    

The length and width of S. platensis had similar 
trend both in Cd and Pb exposures which increased 
slightly at day 5 of incubation, then decreased at day 
10. It exhibited the same pattern as growth of S. 
platensis which was exponential pattern.  In this study, 
it was not found a significant correlation (at p>0.05, 
coefficient correlation r= -0.160 (Cd), coefficient 
correlation r = -0.150 (Pb)) between cell size and 
percentage of Cd and Pb adsorption to S. platensis.  

Higher concentration of Cd and Pb were resulted 
in shorter length and width of cell and lower biomass. 

 
Fig.5 Cell size of S. platensis exposed to Cd 
 

Fig. 6   Cell size of S. platensis exposed to Pb 
This is presumably due to the excessive concentration 
of metals which can damage the chloroplast, since the 

chloroplast is the most sensitive part of cell to heavy 
metals [36]. Destruction of chloroplast implies loss of 
pigment and will disturb photosynthetic activity 
which occurred in thylakoid membranes [41]. Broken 
chloroplast will inhibit respiration process in cells so 
that the ability of cells to proliferate is reduced. This 
led to the increase in  number of cells to be blocked. 
If protein in S. platensis cells is damaged then 
nutrient transport into the cells was inhibited, so that 
most of the S. platensis cells die [42]. 
 
4. CONCLUSION 
 

Spirulina platensis, the local algae strain-INK 
was proved effectively remove Cd and Pb ions from 
aqueous solution and indicated a very good candidate 
as biosorption agent of heavy metals. The highest 
biosorption of Cd and Pb were 91.8% and 84.3% both 
at 1 mg/L of initial concentration on day 5, 
respectively. Only biomass of S. platensis can be 
considered as adsorption parameter of heavy metals 
removal in water or wastewater, since in this study 
biomass showed significant correlation with Pb ions 
adsorption (p<0.01), but not with Cd ions. It is related 
to toxicity of heavy metal of which Pb is more toxic 
than Cd. 

Biomass is associated with heavy metal toxicity. 
Only cells exposed to metals with low toxicity can 
survive and then continue to divide, resulting in 
increased biomass, but do not affect the size of cells. 
The availability of nutrients is a factor has to be 
considered for maintaining cells growth which further 
affects cell size. This study proves that cell size was 
not correlated to Pb ions adsorption and to Cd as well 
(p>0.05).  

 
5. ACKNOWLEDGEMENT 

 
Authors would like to thank Indonesian Institute 

of Sciences (LIPI) which had given stock culture of 
Spirulina platensis. Authors also thank to student and 
laboratory staff of Biology Department, Faculty of 
Science and Technology, State Islamic University 
Syarif Hidayatullah Jakarta who had helped in 
preparation of the experiments. 
 
6. REFERENCES 
 
[1]  Inthorn D, Nagase H, Isaji Y, Hirata K and 

Miyamoto K, “Removal of cadmium from 
aqueous solution by the filamentous 
cyanobacterium Tolypothrix tenuis”, J. 
Ferment Bioeng, 82, 1996, pp. 580-584. 

4.15
4.2
4.25
4.3
4.35
4.4
4.45
4.5
4.55
4.6

4.8
5

5.2
5.4
5.6
5.8

6
6.2

H-0 H-5 H-10

ce
ll 

le
ng

th
 (µ

m
)

ce
ll 

w
id

th
 (µ

m
) 

day

control 0.1 ppm 1 ppm
5 ppm control 0.1 ppm

3.6

3.8

4

4.2

4.4

4.6

4.6
4.8

5
5.2
5.4
5.6
5.8

6
6.2

H-0 H-5 H-10

ce
ll 

le
ng

th
 (µ

m
)

ce
ll 

w
id

th
 (µ

m
)

day

control 1 ppm 2 ppm
4 ppm control 1 ppm
2 ppm 4 ppm



International Journal of GEOMATE, Sept., 2017, Vol. 13, Issue 37, pp. 121-126 
 

125 
 

[2]  Rai LC, Gaur JP and Kumar HD, “Phycology 
and heavy-metal pollution”,  Biol Rev, 56, 
1981, pp. 99-103. 

[3]  Ii H, Satoh A, Taniguchi M, Kitching M, 
CroattoG, Shelley B and Allinson G, 
“Groundwater contamination due to irrigation 
of treated sewage effluent in the Werribee 
Delta”, Int. J. of Geomate, Vol. 3, No. 1 (SI No. 
5), Sept. 2012, pp. 332-338. 

[4] Okamoto K and Hotta K, “Purification system 
of ocean sludge by using coagulants                     
and activating microorganisms”, Int. J. of 
Geomate, Vol. 4, No. 2 (SI No. 8), June 2013, 
pp. 574-579. 

[5] Hirano H, Toyama T, Nishimiya N and 
Okamoto K, “Removal of cesium from sea 
sludge through decomposition of organic 
matter with aqueous hydrogen peroxide”, Int. J. 
of Geomate, Vol. 8, No. 1 (SI No. 15), 
March2015, pp. 1203-1206. 

[6]  Moghal AAB, Al-Shamrani MA and Zahid 
WM, “Heavy metal desorption studies on the 
artificially contaminated Al-Qatif soil”, Int. J. 
of Geomate, Vol. 8, No. 2 (SI No. 16), June 
2015, pp. 1323-1327. 

[7] Putri LSE, Prasetyo AD and Arifin Z, “Green 
mussel and bioindicator of heavy metals 
pollution at Kamal Estuary, Jakarta Bay, 
Indonesia”, Journal of Environmental Research 
and Development, Vol 6, No. 3, Jan-March 
2012, pp. 1-8. 

[8] Govind P and Mudhori S, “Heavy metals 
causing toxicity in animals and fishes”, 
Research J. of Animal, Veterinary and Fishery 
Sciences, Vol. 2, No. 2, February 2014, pp. 17-
23. 

[9] Soeprobowati TR and Hariyati R, 
“Phycoremediation Pb2+, Cd2+, Cu2+, and Cr3+ 
by Sprirulina platensis (Gomont) Geitler”, 
American J. of Bioscience, Vol. 2, No. 4, 2014, 
pp. 165-170. 

[10] Vimala R and Das N, “Biosorption cadmium 
(II) and lead (II) from aqueous solutions using 
mushrooms: A comparative study”, J. Hazard. 
Mater., 168, 2009, pp. 376-382. 

[11]  Wilde EW and Benemann JR,  “Bioremoval of 
heavy metals by the use of microalgae”, 
Biotechnol. Adv. Vol. 11, 1993,pp. 781–812. 

[12]  Wong KH, Chan KY and Ng SL, “Cadmium 
uptake by the unicellular green alga Chlorella 
salina CU-1 from culture media with high 
salinity”,  Chemospheres Nos, Vol. 11/12, 
1979, pp. 887-891. 

[13]  Sakaguchi T, Tsuji T, Nakajima Aand Horikos 
T, “Accumulation of cadmium by green 

microalgae”,  Eur J Appl Microbiol Biotechnol, 
Vol. 8, 1979,pp. 207-15.  

[14]  Hans JG and Urbach W, “Sorption of cadmium 
by the green microalgae Chlorella vulgaris”, 
Ankistrodesmus braunii and 
Eremosphaeraviridis. Z Pflanzenphysiol, Vol. 
109, 1983,pp. 127-241. 

[15]  Inthorn D, Incharoensakdi A and Sidtitoon N, 
“Removal of mercury, cadmium and lead in 
aqueous solution by microalgae”,  Asian 
Journal of Microbiology Biotechnology and 
Environmental Sciences (AJMBES), Vol. 3, 
2001, pp. 109-116. 

[16]  Crist DR, Crist RH, Martin  R and Watson JR,  
“Ion exchange system in proton-metal 
reactions with algal cell walls FEMS”,  
Microbiol.Rev, Vol. 14, 1994,pp. 309-314.  

[17]  Schiewer S and Volesky B, “Modelling multi 
metal ion exchange in absorption”,  Environ. 
Sci. Technol., Vol. 30, 1996,pp. 2921-2927.   

[18]  Kratochvil Dand Volesky B, “Advances in 
biosorption of heavy metals”,  Tib. Tech., Vol. 
16, 1998, pp. 291-300. 

[19]   Kabinawa INK, Spirulina as healer for 
diseases.  Jakarta: PT. AgromediaPustaka, 
2006. 

[20] Monika B, Alka S, Srivastava JK and Palsania 
J, “Biosorption of heavy metals from 
wastewater by using microalgae”, International 
J. of Chemical and Physical Sciences, Vol. 3, 
No. 6, Nov-Dec 2014, pp. 67-81. 

[21] Al-Homaidan AA, Al-AlabdullatifJA, Al-
Hazzani AA, Al-Ghanayem AA and Alabbad 
AF, “Adsorptive removal of cadmium ions by 
Spirulina platensisdry biomass”’,Saudi J. of 
Biological Sciences, Vol. 22, issue 6, 
November 2015, pp. 795-800. 

[22]  Al-Homaidan AA, Alabbad AF, Al-Hazzani 
AA, Al-Ghanayem AA, and Al-AlabdullatifJA,  
“Lead removal by Spirulina platensis 
biomass”,International J. of Phytoremediation, 
Vol. 18, No. 2, 2016, pp. 184-189. 

[23]  Zinicovzcaia I, “Removal of chromium from 
wastewater by activated carbon and Spirulina 
platensis: a comparative study”, J. of Science 
and Art, No. 2(32), 2015, pp. 239-248. 

[24]  Clesceri L, Arnold E, Greenberg E, Eaton 
AD,Standard Methods for Examination of 
Water and Wastewater, 20 ed. American 
Public Health Association, American Water 
Work Association, Water Environment 
Federation, 1999.  

[25]  Wang J dan Chen C, “Biosorbents for Heavy 
Metals Removal and Their Future”, Biotechnol 
Advanced., Vol. 27, 2009, pp. 195-226. 



International Journal of GEOMATE, Sept., 2017, Vol. 13, Issue 37, pp. 121-126 
 

126 
 

[26] Perales-Vela HV, Pena-Castro JM and 
Canizares-Villanueva RO, “Heavy metal 
detoxification in eukaryotic microalgae”, 
Chemosphere, Vol. 64, 2006,pp. 1–10. 

[27]  Arunakumara KKIU and Zhang X, “Heavy 
metal bioaccumulation and toxicity with 
special reference to microalgae”,  J. Ocean 
Univ. Chin., Vol. 7, 2008,pp. 60-64. 

[28]  Naja  G and Volesky B, “The mechanism of 
metal cation and anion biosorption”, Microbial 
Biosorption of Metals, P. Kotrba, M. Mackova 
& T. Macek, Ed.. Springer, Dordrecht, 2011, 
pp. 19–58. 

[29] Kaplan D, Christiaen D and Arad 
(Malis)S,“Chelating properties of extracellular 
polysaccharides from Chlorella spp”, Appl. 
Environ. Microbiol., Vol. 53, 1987,pp. 2953–
2956. 

[30]  De Philippis R, Paperi R and Sili C, “Heavy 
metal sorption by released polysaccharides and 
whole cultures of two exopolysaccharide 
producing cyanobacteria”, Biodegradation, Vol. 
18, 2007,pp. 181–187. 

[31]   Hossain MA, Hao Ngo H, Guo WS and Nguyen 
TV, “Removal of Copper from Water by 
Adsorption onto Banana Peel as Bioadsorbent”, 
Int. J. of Geomate, Vol 2, No. 2 (SI. No. 4), 
2012, pp. 227-234.   

[32]     Sweetly DJ, Sangeetha K and Suganthi B., 
“Biosorption of heavy metal lead from aqueous 
solution by non-living biomass Sargassum 
myriocystum”,IJAIEM., 3 (4), 39-45, 2014. 

[33]    Vimala R and Das N., “Biosorption cadmium 
(II) and lead (II) from aqueous solutions using 
mushrooms: A comparative study”, J. Hazard. 
Mater.,2009, 168, 376-382, 2009. 

[34]    Huang S and Lin G, “Biosorption of Hg(II) 
and Cu(II) by biomass of dried Sargassum 
fusiforme in aquatic Solution”, J. Environ. 
Health Sci. Eng., Vol. 13, No. 21, 2015, pp. 1-
8. 

 
 
 
 
 
 
 
 
 
 
 
 
 

[35] Putri LSE, Fauziah and Dasumiati, 
“Biosorption ability of Scenedesmusdimorphus 
for Cr (VI) and Cd in aqueous solution”, 
Advance Science Letter, Vol 21, 2015, pp. 
196-198. 

[36]  Becker EW, Microalgae Biotechnology and 
Microbiology. London: Cambridge University 
Press.,1994. 

[37]  Hala Y, Suryati E and Taba P, “Biosorptionof  
Pb2+and Zn2+by Chaetoceroscalcitrans” 
(thesis). Makassar, Indonesia:Chemistry 
Department, Faculty of Math and Life Science, 
University of Hassanudin, 2012. 

[38]  Prihantini NBP, Putri DB and Yuniati R, 
“Growth of Chlorellaspp in MET medium with 
intialpH variation”, accepted by University of 
Indonesia, 2005. 

[39] Suantika G and Pingkan S, “Effect of initial 
density to quality of Chaetocerosgracilis 
(Schuut) culture in batch system (thesis). 
Bandung, Indonesia: Bandung Institute of 
Technology, 2009. 

[40]  Fachrullah MR, “Growth rate of biofuel 
produced microalgae Chlorella sp. and 
Nannochloropsis sp. cultivated in tin mining 
wastewater at Bangka Island” (thesis). Bogor: 
Marine and Fishery Faculty, Bogor Agriculture 
Institute, 2011. 

[41]  Olivares E, “The Effect of Lead on Phyto 
Chemistry of Tithonia Exposed to Roadside 
Automotive Pollution or Grown in Pots of 
PbSuplemented Soil”, Braz J Plant., Vol. 15, 
No. 3, 2003, pp. 149-158. 

[42] Perales HV, González S, Montes C and 
Canizares RO, “Growth, Photosynthetic and 
Respiratory Responses to Sub-lethal Copper 
Concentrations in Spirulina (Chlorophyceae)”, 
Journal of Algae, Vol. 67, 2007, pp. 2274-2281. 

 
 
 
 
 

Copyright © Int. J. of GEOMATE. All rights reserved, 
including the making of copies unless permission is 
obtained from the copyright proprietors.  


