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Table 2.3 Summary of heavy metal bioremediation from wastewater using microalgae. 

Wastewater 
resource 

Applied 
microalgae 

Heavy metal 
removal mg g 1 (%) 

Adsorption 
characteristics 

References 

Coal mine water Pediastrum 
duplex  

Mn  97 Langmuir 
isotherm 

Thongpitak 
et al., 2019 

Wastewater Chlorella 
vulgaris 

Cr  23.6 Freundlich 
isotherm 

Aksu and 
Kutsal, 1990 

Mine tailing water Chlorella sp. Ni  24.8 
Co  10.5 
Mn  24.8 
Sr  26.4 

ND Palma et al., 
2017 

AMD from mine 
site 

Chlorella 
vulgaris 

Fe  98.7 
Al  94.7 
Mn  93.29 

ND Brar et al., 
2022 

Simulated aqueous 
metal rich solution 

Chlamydomonas 
reinhardtii 

Cd2+  42.6 
Pb2+  96.3 
Hg2+  72.2 

Freundlich 
isotherm 

Tuzun et al., 
2005 
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Wastewater 
resource 

Applied 
microalgae 

Heavy metal 
removal mg g 1 (%) 

Adsorption 
characteristics 

References 

Coal mining site 
water 

Nostoc 
muscorum 

Pb2+  98.0 
Cu2+  87.8 
Cd2+  82.0 
Zn2+  67.2 

Freundlich 
isotherm 

Hazarika et 
al., 2015 

AMD from mine 
site 

Blue-green 
algae 
(predominantly 
Oscillatoria sp.) 

Fe2+  95 
Pb2+  88 
Cu2+  97 
Co2+  83 
Ni2+  62 
Mn2+  45 

ND Sheoran and 
Bhandari, 
2005 

Industrial 
wastewater from 
coal fired power 
plants 
 

Chlorella 
vulgaris 

Hg2+  97 
 

ND Peng et al., 
2017 

Industrial effluent Scenedesmus 
obliquus 

Zn2+  22.3 
Cd2+  60.8 

ND Monteiro et 
al., 2011 

 Desmodesmus 
pleiomorphus 

Zn2+  83.1 
Cd2+  58.6 

ND  
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Fig. 2.4 
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Fig. 2.5 
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Fig. 2.6 Process strategies to formulate different coal  
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Fig. 2.7 
 

 

 

Fig. 2.8 
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2.4 Identified research gaps 

 

 

 Considering country-level coal phaseout commitments by 2040, sustainable 

microalgae-based bioremediation strategies may be integrated with mine closure 

plans. In this direction, green initiatives for active/ abandoned coal mine water 

management have not been investigated properly. 

 Compared to the conventional desalination process, biodesalination processing and 

mechanisms using a microalgae platform have not been well investigated. 

Specifically, microalgae-based pilot scale/commercial scale and open or closed 

system studies of CME treatment lag behind.   

 The integrated process development strategies related to continuous and semi-

continuous microalgae cultivation for CME treatment and biofuel production have 

not yet been investigated. 

 The integrated strategies to evaluate biomass and biofuel potential of microalgae 

harvested from CME treatment system have not been investigated in a wide 

spectrum. More specifically, coupled transesterification-pyrolysis, 

transesterification-gasification, and pyrolysis-gasification have not been explored 

well to target the efficient conversion of de-oiled microalgae and coal as fuel 

feedstock to biofuel. 
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 In the literature, many studies have been reported on the thermochemical 

conversion of de-oiled microalgae and coal for bio-oil production. But studies are 

strictly lagging with an aspect of cleaner co-pyrolysis strategy to produce high 

quality bio-oil by utilizing low-cost residues such as de-oiled microalgae and coal 

blends via synthesized catalyst interaction.  

 

 

 


