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Austria-Czech Republic

“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
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Computer Hard Drives
Disk Drive Motors
Anti-Lock Brakes
Automotive Parts

Frictionless Bearings

Magnetic Refrigeration
Microwave Power Tubes
Power Generation
Microphones & Speakers
Communication Systems
MRI
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WHY ARE THE RARE EARTH ELEMENTS IMPORTANT?

Lasers

Fibre Optics
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Display phosphors - CRT, LPD, LCD
Fluorescent Lighting
Medical Imaging

Nd, Y, Eu Gd, Lu, Dy

Capacitors
Sensors
Colorants

Scintillators

Refractories
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Metal Alloys
DH 7
NimH Batteries
Fuel Cells
Steel

Super Alloys
Aluminium / Magnesium

Glass & Polishing
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Polishing Compounds
Pigments & Coatings
UV Resistant Glass
Photo-Optical Glass
X-Rav Imaaina
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Catalysts
R

Petroleum Refining
Catalytic Converter
Fuel Additives
Chemical Processing
Air Pollution Controls

S

Satellite Communications
Guidance Systems
Aircraft Structures

Fly-by-Wire
Smart Missiles
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WHY BIO-REMOVAL OF REEs IS BENEFICIAL?
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MODEL ORGANISMS

Chlamydomonas reinhardtii Parachlorella kessleri Desmodesmus quadricauda

* 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 Q

Galdieria sulphuraria (pflegrea)




PHOTOBIOREACTORS

30°C, pH 7-8
40°C, pH 3

500 pmol.m=2.s!
2% (v/v) CO,1n air
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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




REEs UPTAKE vs MEDIA COMPOSITION

Desmodesmus quadricauda - nutrient medium without microelements
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Waste and Biomass Valorization (2021) 12:3137-3146
https://doi.org/10.1007/512649-020-01182-3

Check for
updates




Waste disposal of CFL Powder of CFL Acid solution containing
and FL lights and FL lights CFL powder

Filtered

acid

extract

Algal sample were processed
for pigments, protein, DNA,

RNA, starch and microscopic

analysis to check their )

response to REEs Algae with
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DRY MATTER AND QUANTUM YIELD
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Chla (mg.L™)
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EFFECTS OF CFL ON PHOTOSYNTHETIC PIGMENTS
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RCCUMULATION OF REEs
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Accumulation of REEs (mg.g™)
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EFFECT OF PLANT HORMONES ON REEs ACCUMULATION

Concentration of 6-Benzylaminopurine (BAP) and 1-Naphthaleneacetic acid (NAA) — 5 mg/L
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CONCLUSIONS

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.

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

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

* 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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EXPERIMENTAL DESIGN

= Organism Galdieria sulphuraria [ Galdieria sulphuraria ]
= 24 hours duration — sampling every 2 hours . ,
[ Growing pre-cultures (control medium) ]
= Synchronous (16L/8D) - permanent light ‘
= Medium - Control and with CFL extract
[ Synchronization (16L/8D) ] (
= Final concentration of CFL - 2g/L ‘

= Light - 350 umol photons m2 s-!
[ Washing and transfer ]

/ N\

Galdi nutrient (
medium + CFL
acid extract

= Temperature - 40°C

Monitored parameters:

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

Cell cycle observation — confocal microscopy, DAPI

REEs accumulation — ICP-MS
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CONFOCAL MICROSCOPY

Control CFL - Treated




