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Introduction 
 

As the nations growing urban major problem 

is the removal of wastes so humans exposed 

these wastes directly into rivers, these water 

than directly consumed by Aquatic life and 

so indirectly it affects the human health 

when human consume it with lots of disease 

such as Chlorella, Typhoid, Diarrhea as 

these disease are commonly generate 

through contaminated water. The 

availability of good quality water is 

necessary for preventing such disease and 

improving the quality of life (Oluduro and 

Adewoye, 2007). So some new technologies 

are being proposed to access the treatment 

of waste water.   

 

 

 

 

 

 

 

 
 

Heavy metals such as Lead, cadmium, 

mercury, nickel, zinc, aluminum, arsenic, 

copper and iron are mentioned as 

environmental pollutants which cause severe 

poisoning conditions (Derek, 1999; Dias et 

al, 2002; Ballantyne et al, 1999). 

Bioremediation is a pollution control 

technology that uses biological system to 

catalyze the degradation or transformation 

of various chemicals to less harmful forms. 

Developing of biological based treatment 

system considered as economically cheaper 

and more environment friendly 

(Valderrama, 2002). Algal bioremediation 
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Despite the algal diversity and relatively inexpensive algal biomass, there has been 

little commercial exploitation of these plants for treatment of wastewater. 

Bioremediation is a cheap and efficient method of decontamination that has 

become increasingly popular now a days to reduce environmental pollution. In 

urban and semi urban colonies sewage disposal has become an ecological problem. 

The effluent discharge from residences and industries constitute a major source of 

water pollution. A number of methods has been developed for removal of such 

polluted substances like precipitation, evaporation, ion-exchange etc. Algae are 

important bioremediation agents, and are already being used in wastewater 

treatment. The potential for algae in wastewater remediation is however much 

wider in scope than its current role. This paper identifies the area where research 

gives to the world an “Algal Based Bioremediation” for cleaning the water bodies. 

In this review paper we observed the effectiveness of alga for bioremediation of 

wastewater. 
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are being used in waste water treatment as 

its potential in waste water remediation is 

much wider in scope then its current role 

(Volesky, 1990; Wase and Foster, 1997) so 

this review paper gives overall picture to use 

by microalgae for bioremediation of water 

bodies. 
 

Reports of Some Algae in Heavy Metal 

Uptake 

 

Bioaccumulation process is known as an 

active mode of metal accumulation by living 

cells which depend on the metabolic activity 

of the cells (Volesky 1990; Wase and Foster, 

1997). The idea that microalgae help in 

bioaccumulation of heavy metals was firstly 

proposed by Oswald and Gootas in 1957 but 

this topic gained attention recently by 

Oswald 1988 and Doshi et al, 2007. It has 

been observed that microalgae are so 

efficient in uptake of heavy metals from 

effluent water (Kajan et al, 1992). Heavy 

metal contamination of agricultural soils has 

become a serious issue in crop production 

and human health in many developed 

countries of the world. Techniques presently 

in existence for removal of heavy metals 

from contaminated water include reverse 

osmosis, electro dialysis, ultra filtration, ion- 

exchange, chemical precipitation, 

phytoremediation etc. Table 1 indicates the 

ability of algae to absorb different organic 

and inorganic pollutants from water 

(Industrial effluents, sewage water, pond 

water, oil effluents, heavy metals etc) which 

has been recognized from many years. 

 

Table.1 Algae Involve in the Bioremediation of Different Pollutants Present in Wastewater 

 
Pollutant Algal genera used to 

bioremediate it 

Summary of Result References 

Copper(Cu) and 

Iron(Fe) 

 

 

 

 

Lead(Pb), 

Cadmium(Cd), 

Copper(Cu), 

Nickel(Ni) and 

Zinc(Zn) 

 

 

Ammonia(NH3) 

and Phosphorous 

 

 

 

 

 

 

 

 

 

Copper(II) 

 

 

 

Anabena doliolum 

 

 

 

 

 

Sargassum fluitans 

 

 

 

 

 

 

Chlorella vulgaris 

and Scenedesmus 

dimorphus 

 

 

 

 

 

 

 

 

Padina sps. 

 

 

 

Immobilized cyanobacteria is very potential in 

metal removal than free living cell as 

immobilized algae show increase in uptake of 

Copper and Iron upto 45% and 23% higher 

than free living cells 

 

Studies of S.fluitans regarding adsorption of 

heavy metals uptake was depend upon the size 

of particle. Lead is found to be the best sorbed 

metal followed by others in decreasing order. 

Adsorption capacity of glutaraldehde cross 

linked S. fluitans is Pd>Cd>Cu>Ni>Zn 

 

C. vulgaris and S. dimorphus is also an 

efficient microalgae in the removal of NH3 

and phosphorous during biotreatment of 

agroindustrial waste water of dairy industry. 

Both theses algae remove phosphorous from 

wastewater in cylindrical bioreactor. C. 

vulgaris is superior for removal of ammonia 

in triangular bioreactor while the cylindrical 

bioreactor was superior in removal of 

phosphorous. 

 

Pre treatment biomass of Padina sps. could be 

used as an efficient biosorbent for the 

treatment of Copper (II) containing 

wastewater stream. biosorption capacities 

Rai and Mallic, 

1992 

 

 

 

 

Leusch et al, 1995 

 

 

 

 

 

 

Gonzalez et al,  

1997 

 

 

 

 

 

 

 

 

 

Kaewsarn, 2002 
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Lead(Pb) 

 

 

 

 

 

Copper(II) 

 

 

 

 

 

 

Lead(II) 

 

 

 

 

 

 

Copper(Cu), 

Cadmium(Cd) and 

Lead(Pb) 

 

 

 

 

 

 

Oil effluents 

 

 

 

 

 

 

 

 

 

 

Cadmium(Cd) 

cations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spirulina 

 

 

 

 

 

Cladophora  

fascicularis 

 

 

 

 

 

Spirogyra   

 

 

 

 

 

 

Chlorella vulgaris 

 

 

 

 

 

 

 

 

Scenedesmus 

obliques 

 

 

 

 

 

 

 

 

 

Scenedesmus 

obliquus 

 

 

 

 

 

 

 

 

were solution dependent and the maximum 

capacity obtained was 0.08m mol/g at a 

solution pH of about 5. Biosorption kinetics 

was found to be fast with 90% adsorption in 

15min. 

 

In the initial stage (0-12min) the adsorption 

rate of Spirulina is so high that it adsorbs 74% 

metal biologically and its biosorption capacity 

was estimated to be 0.62mg Lead per 10
5
 alga 

cells. 

 

Biosorption is an effective means of removal 

of heavy metals from waste water. In this the 

biosorption behavior of C.fascularis has been 

investigated as a function of pH, amount of 

biosorbent, initial copper ions concentration, 

temperature and co-existing. 

 

Spirogyra found to be an effective alga in 

Lead removal. It was observed that maximum 

adsorption capacity of Pb(II) ion was around 

140 mg metal/g of biomass at pH 5.0 in 

100 min with 200 mg/L of initial 

concentration 

 

Dried dead C.vulgaris was studied in terms of 

its performance in binding divalent Cu, Cd 

and Pb ions from their aqueous solutions. 

Percentage uptake of cadmium ions exhibited 

general decrease with decrease in dielectric 

constant values while that of copper, Lead 

ions shows decrease with increase in donor 

numbers 

 

Biological oxygen demand (BOD) and 

Chemical Oxygen Demand (COD) level was 

reduced up to 16.66% and 82.80% by 

S.obliques. Reduction of BOD and COD 

levels might occur due to the removal of the 

Dissolved Organic compounds and derivatives 

by some extent from the effluents during 

treatment process. Treatment of refinery 

effluents with S.obliques is an effective 

technology in the reduction of pollutants. 

 

Viable biomass removed metal to a maximum 

extent of 11.4 mgCd/g at 1 mgCd/l, with most 

Cd
2+

 being adsorbed onto the cell surface. A 

commercially available strain (ACOI 598) of 

the same microalga species was also exposed 

to the same Cd concentrations, and similar 

results were obtained for the maximum extent 

of metal removal. Heat-inactivated cells 

removed a maximum of 6.04 mgCd/g at 

0.5 mgCd/l. The highest extent of metal 

 

 

 

 

 

 

Hong and Shan- 

Shan, 2005 

 

 

 

 

Deng et al,2007 

 

 

 

 

 

 

Gupta and Rastogi, 

2008 
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al, 2009 
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Biological Oxygen 

Demand (BOD) 

and Chemical 

Oxygen Demand 

(COD)  

 

 

Cadmium(Cd) and 

Copper(Cu) 

 

 

 

 

 

 

 

 

Mercury(Hg), 

Cadmium(Cd) and 

Lead(Pb) 

 

 

 

 

 

 

Biological Oxygen 

Demand (BOD) , 

Chemical Oxygen 

Demand (COD) , 

Dissolved Oxygen 

(DO), NH3, Nitrate, 

Magnesium, 

Organic and 

Inorganic 

Phosphates 

 

 

Phosphorous, 

Ammonia nitrogen, 

Nitrite Nitrogen 

and Nitrate 

Nitrogen 

 

 

 

Cadmium(Cd) 

 

 

 

 

 

 

 

 

 

Oscillatoria 

 

 

 

 

 

 

Sargassum sinicola 

 

 

 

 

 

 

 

 

 

Dunaliella  

 

 

 

 

 

 

 

 

Oscillatoria, 

Synechococcus, 

Nodularia, Nostoc 

and Cyanothece 

 

 

 

 

 

 

 

 

Isochrysis 

zhanjiangenesis 

 

 

 

 

 

 

Spirogyra sps. and 

Oscillatoria sps. 

 

 

 

 

 

removal, analyzed at various pH values, was 

0.09 mgCd/g at pH 7.0. 

 

The effectiveness of Cyanobacteria treatment 

system for bioremediation of textile effluents 

has been investigated by the use of 

Oscillatoria.Results revealed that there was 

the 57.6% and 39.82% decrease in COD and 

BOD 

 

Non-living biomass of S.sinicola showed a 

significant result on the biosorption of Cd and 

Cu ions. By batch experiments ability to 

remove Cd is significantly slows down from 

81.8% to 5.8% while of Cu remains high from 

89 to 80% at a range of salinity from 0-40psu. 

Maximum capacity of biosorption was 

3.44mg/g for Cd and 116mg/g for Cu at 

35psu. 

 

Dunaliella alga tolerates high concentration of 

heavy metals and it has a great ability to 

absorb metals from aquatic environments. It is 

concluded that the amount of Cd, Pb and Hg 

ions adsorption was not increase in aqueous 

solution with increase in time. Amount 

adsorbed remained fairly constant with time 

during competitive sorption 

 

Contaminants Removal Efficiency(RE) 

percentage of cyanobacterial species 

(Oscillatoria, Synechococcus, Nodularia, 

Nostoc and Cyanothece) ranged between 

69.5% and 99.6% at 5ppm, 83.9% and 99.7% 

at 10ppm and maximum between 95.5% and 

99.7%. mixed culture removal efficiency 

percentage range is between 91.6 and 100% 

while at 10ppm. Result indicates the potential 

of natural resources as efficient agents for 

pollution control 

 

Isochrysis zhanjiangenesis from the culture of 

Cyanoglossus semilaevis in pH 7, 5000Lux 

illumination and original inoculation density 

0.01mg/l. microalgae could eliminate 

78%active phosphorous, 100% ammonia 

nitrogen, 62.3% nitrite nitrogen and 84.7% 

nitrate nitrogen in waste water within 11 days. 

 

Different concentration of Cd has been 

examined in cultures of Spirogyra sps. and 

Oscillatoria sps. Photosynthetic pigments of 

chlorophyll, sugar, protein and proline 

contents shows decreasing trends with 

increase of Cd ions from waste water 

 

 

 

 

Abraham and 

Nanda, 2010 
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Zheng et al, 2011 
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2012 
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Chemical Oxygen 

Demand(COD) and 

Phenolic 

Compounds 

 

Cadmium(Cd), 

Mercury(Hg), 

Lead(Pb), 

Arsenic(Ar) and 

Cobalt(Co) 

 

 

 

Crude Oil 

 

 

 

 

 

 

 

 

 

 

 

Phosphate, Nitrate, 

COD and BOD 

 

 

 

 

 

 

 

Phosphorous and 

Nitrate 

 

 

 

 

Lead  

 

 

 

 

 

 

 

 

Copper(Cu) ions 

 

 

 

 

 

 

Chlorella vulgaris, 

Spirulina platensis 

and Dunaliella saline 

 

 

Spirogyra hyaline 

 

 

 

 

 

 

 

Aphanocapsa sps., 

Chlorella 

autotrophica, 

Coccochloris 

elabens, Dunaliella 

tertiolecta,  

Oscillatoria sps., 

Scenedesmus 

obliques, 

Synechococcus 

elongates and Volvox  

 

Chlorella vulgaris 

and Scenedesmus 

quadricauda 

 

 

 

 

 

 

Chlorella 

minutissima 

 

 

 

 

Enteromorpha algae 

and its silicates 

bonded material 

 

 

 

 

 

 

Spirulina platensis 

 

 

 

 

 

 

C. vulgaris, S.platensis and D.saline were 

found to be an efficient algae in decreasing the 

amount of COD and phenolic compounds 

from olive mill waste water 

 

Dried biomass of S. hyaline used for removal 

of these heavy metals. Highest amount of Cd, 

Hg and Ar was absorbed when initial heavy 

metal concentration was 40mg/l whereas Lead 

and Cobalt exhibited greatest removal at 

80mg/l. metal uptake for dried biomass was 

found in the ordered Hg> Pb> Cd> Ar> Co 

 

These algae were helpful in the degradation of 

35% of the crude and they remain alive also in 

high crude condition abilities that are 

necessary for bioremediation. Results 

demonstrate that properly controlled algae are 

feasible agents for crude oil bioremediation. 

 

 

 

 

 

 

Removal efficiencies of COD, BOD, Nitrate 

and Phosphate of waste water were 80.64%, 

70.91%, 78.08% and 62.73% respectively 

using C. vulgaris up to 15 days while using S. 

quadricauda the removal efficiencies of COD, 

BOD, Nitrate and Phosphate of waste water 

were 70.96%, 89.21%, 70.32% and 81.34% 

respectively up to 15
th

 days 

 

The amount of Phosphorous in water sample 

treated with C. minutissima reduced from 

4.47ppm to 1.15ppm while reduction of 

Nitrate is from 3.6ppm to 0.3ppm. removal 

effeciencies of C. minutissima was very high. 

 

Lead adsorption capacity was 83.8mg/g at pH 

3 with algae and 1433.5mg/g for silicates 

modified algae. Thomas and Yoon Nelson 

Column Model were best for adsorbent (E) 

and Algae after reflux (ER) and Yan model 

for (EM) with capacity 76.2, 71.1 and 

982.5mg/g respectively. EM and ER show less 

swelling and better flow rate control than E 

 

Adsorption of Cu ions was found to increase 

gradually along with decrease in biomass 

concentration. Biosorption was found to be 

maximum (90.6%) in a solution containing 

100mg Cu/l at ph 7 with 0.050 dried biomass 

of algae at 37°C with 90min contact time. 

 

Ismael et al, 2012 

 

 

 

 

Kumar and 

Oommen,  2012 

 

 

 

 

 

 

Cao et al, 2013 

 

 

 

 

 

 

 

 

 

 

 

Kshirsagar, 2013 

 

 

 

 

 

 

 

 

Sharma and Khan, 

2013 

 

 

 

 

Hammud et al,  

2014 

 

 

 

 

 

 

 

Homaidan, 2014 
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Copper(Cu) and 

Zinc(Zn) 

 

 

 

 

 

 

 

Textile waste 

effluents(Color and 

COD) 

 

 

 

 

 

 

Chromium(Cr) and 

Lead(Pb) 

 

Chlorella vulgaris, 

Spirulina maxima 

and Synechocystis 

sps. 

 

 

 

 

 

Chlorella vulgaris 

 

 

 

 

 

 

 

 

Chlorella marina 

(Butcher) 

 

 

Microalgae removed up to 81.7% Cu reaching 

lowest final concentration of 7.8ppb after 10 

days. Zn reduced up to 94.1% reaching 0.6ppb 

after 10 days. Inoculated samples show 

decreased heavy metal concentration within 6 

hrs of initial inoculation as microalgae don’t 

require long period  

 

Cultivation of C. vulgaris present maximum 

cellular concentration Cmax and maximum in 

specific growth rates µmax in waste water 

concentration of 5% and 17.5%. Highest COD 

and color removal occurred with 17.5% of 

textile water effluents. C.vulgaris culture in 

textile waste effluent demonstrated the 

possibility of using this microalga for COD 

and Color removal. 

 

Seven days incubation of C.marina in waste 

water increased from 3x10
6 

to 1.5x10
7
 cell/ml 

and it reduced 88%Nitrate, 64% Ammonia, 

75% Nitrate and 51% Phosphorous overall. 

Heavy metals such as Chromium and Lead 

largely remove the % of these metals upto 

89% and 87% respectively 

Chan et al, 2014 

 

 

 

 

 

 

 

Kassas and 

Mohamed, 2014 

 

 

 

 

 

 

 

 

Kumar et al, 2015 

 

In conclusion, these reviews indicate the 

potential of Algae for the removal of 

different pollutants such as industrial waste , 

oil effluents, organic and inorganic 

pollutants etc from wastewater. With the 

advantages of low cost raw material and no 

secondary pollution, algae is promising for 

purification of waste water containing heavy 

metals. 
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