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“Sustainable biological recycling of ecologically problematic

compounds (REEs) from electronic waste and water“

• Recycling of REEs using microorganisms (algae, extremophills)

• Co-cultivation (bacteria)
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Rare earth elements (REEs) are a group of 17 chemical elements which includes 

yttrium (Y), scandium (Sc) and a series of 15 lanthanides

Identical physical and chemical properties but unique magnetic and catalytic properties

Availability - South Africa, Brazil, United State of America (USA), 

Australia, Madagascar, China and India

China is the world major REEs mining/extractor and producer





Demands - Increased demands and improper supply - REE recycling from alternate resources like 

electronic, mining, soil, water and industrial wastes

Environment Protection - increased demands → increased mining activities → release of REE into the 

environment → potential threat to human health and the environment

Conventional method of REE mining from virgin ores 

while REE-rich contaminated soil is left untreated in the environment

Soil, water or e-waste remediation strategies are needed that concomitantly clean-up soil, water and 

harvest metals that contribute to process circular economy

In spite of that, recycling stays extremely difficult, expensive and is currently 

not seen as a significant solution

or soil



Chlamydomonas reinhardtii Parachlorella kessleri Desmodesmus quadricauda
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Galdieria sulphuraria (pflegrea)

• unicellular eukaryotes

• photosynthetic organisms

• thermo-acidophilic growth

• up to 56 °C, pH between 0 and 4

• highly tolerant of high salt and of toxic metals



30°C, pH 7-8 

40°C, pH 3

500 μmol.m-2.s-1

2% (v/v) CO2 in air

Study of algal growth responses and the ability

to uptake REEs from 2 types of waste material: 

I. Red Mud

II. E-waste

powder/ acidic extract



Desmodesmus quadricauda - nutrient medium without microelements

Content of individual REEs Content of total REEs
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▪ Luminophore powder 

shedding the light 

availability to algae. 

▪ Powder was not 

completely soluble, 

settle down in bottom. 

▪ Hard to separate the CFL 

powder and algal 

biomass for further 

analysis. 
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GS+CFL GS+CFL+BAP GS+CFL+NAA
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Concentration of 6-Benzylaminopurine (BAP) and 1-Naphthaleneacetic acid (NAA) – 5 mg/L

Cytokinin Auxin 



Galdieria sulphuraria - able to grow in presence of the acidic extract of CFL in the medium. 

The growth was slightly affected as compared to the untreated culture. 

The content of photosynthetic pigments decreased under the CFL treatment. 

The Fv/Fm ratio lowered most probably by the CFL stress. 

NAA and BAP increased 60- and 30-fold of Y accumulation, respectively.

The most accumulated REEs in the algal biomass were Y, Eu, Ce, La and Nd, respectively. 



• Electrical & electronic waste - potential secondary source

of scarce REEs.

• Further research required to investigate the mechanism behind

the bio-absorption/accumulation of REEs by algae.

• Need to develop eco-friendly and economical methods for REEs

recovery from algal biomass.
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▪ Organism Galdieria sulphuraria

▪ 24 hours duration – sampling every 2 hours

▪ Synchronous (16L/8D) → permanent light

▪ Medium → Control and with CFL extract

▪ Final concentration of CFL – 2g/L

▪ Light - 350 µmol photons m-2 s-1

▪ Temperature - 40°C 

Galdi nutrient 

medium 

Galdi nutrient 

medium + CFL 

acid extract

Growing pre-cultures (control medium)

Synchronization (16L/8D)

Washing and transfer

Galdieria sulphuraria

Monitored parameters:

Biomass composition – DM, RNA, DNA, protein, starch 

Cell cycle observation – confocal microscopy, DAPI

REEs accumulation – ICP-MS
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