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Abstract:

Emission free electricity generation source has become the trivial necessity for sustenance on
planet Earth. Nuclear energy can fulfil this need balancing our thirst for energy with reduced
waste generation. Even this least waste generated can emerge as a bliss taking heavy toll if
left without proper management. Many processing employed conventionally for reprocessing
over years. Biosorption of Nuclear waste is expected to bring a silver lining. This work
outlines the techniques employed by researchers in this field reviewing the algae adsorbent
making methodology and procedure employed in using it for adsorption of Strontium that
constitutes one of the most critical components of radioactive waste. Use the "Insert Citation"

button to add citations to this document.
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Introduction

Nuclear energy being semi renewable with its high base load is critical for Sustainability on Earth.
High base load energy and lower fuel cost being the salient features, the lowest per unit waste
generation becomes prevalent for its wide acceptance. The waste generated in a nuclear power plant
can be classified based on half-life - decay heat generation and also based on the radiation being
emitted. Based on the amount of radiation, further classified as Low, Intermediate and High level
wastes (Frimmel, 1993). Low-level wastes constitute all the stationeries used in Nuclear power plants
like Cotton, Concrete etc. That are disposed of in stone trenches. Intermediate includes all the
equipment utilized which are processed and disposable in near surface repositories (Hyslop, 2001).
After ample processing, the Radioisotopes that are generated in the reactor constitute a major portion

of the High level waste having higher half-life and also associated decay heat (Rollinson, 1997).
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Obijectives of reprocessing processes was to enhance efficiency of utilization of Natural Uranium
resource, the basic raw material for nuclear fuels. Reducing the volume and long-term radio-toxicity
and associated decay heat of high-level waste, by utilizing the minor actinides by recycling them will
reduce the volume of High Level Waste and separating ®Sr and **’Cs, the major fission products in
the spent fuel, reducing the long term radio-toxicity and decay heat associated with it before placing it
in the Deep geological repository (Davuluri et al., 2023). Enhancing the proliferation —resistance of
fissile and fertile materials thereby making their clandestine diversion difficult is another major
objective (Hazen & Tabak, 2005).

Curtailing the waste emission, can be achieved by the processes of Partitioning and Transmutation
processes. Partitioning is a series of physical and chemical processes of treatment of spent nuclear
fuels for separation of major actinides Uranium and Plutonium, Fission products along with Minor
actinides (Np, Am & Cm) in the uranium fuel cycle. Likewise in the backend of Thorium fuel cycles,
based on 22Th-2%Pu mixed fuels, partitioning is separation of major actinides Thorium (%2Th),
Uranium (**U) and Plutonium, Protactinium and Fission products. Minor actinides are absent in Th??2
-23U Fuel cycle but will be present in 22Th- #°Pu fuel cycle (Sengupta & Gupta, 2017).
Transmutation is a process by which long lived radioisotopes, especially isotopes of actinides such as
Plutonium and Minor actinides and selected fission products such as **Tc and *°I are destroyed by
conversion to short lived fission products, generally of low toxicity or stable isotopes by fission
and/or neutron capture from neutrons generated in Fast reactor and Accelerated Driven system
(Sengupta et al., 2016).

By these processes we are actually aiming to develop a nuclear fuel cycle that is safe, economically
viable and attractive, environmentally benign, proliferation resistant and sustainable. Nuclear waste
treatment can be performed by wet and dry processes. Wet processes include Solvent Extraction and
lon Exchange processes (Fan et al., 2012). These are believed to enhance the recovery of valuable
radionuclides followed by permanent disposal in deep geological repositories after conditioning and
immobilizing it in ceramic glass or Syn roc matrix. Dry processes include Electro reprocessing
processes such as Pyro electric reduction and Pyro electric refining (Gupta et al., 2018). Pyro electric
reduction is employed for Oxide fuels whereas Refining is especially for Metallic fuel that is
produced by Injection Casting of Uranium- Zirconium fuels. Co-Extraction process is also
demonstrated for Mixed Uranium and Plutonium nitrate and carbide fuel reprocessing (Das et al.,
2010).

Solvent Extraction, widely practiced worldwide as PUREX and THOREX process for treatment of
wastes. “Tri Butyl phosphate (TBP)” along organic solvents like kerosene is the concurrent
methodology used in treatment of waste. Unfortunately, this combination suffers Radiation damage

after few cycles forming degradation products like di butyl phosphoric acid (HDBP), hydro mono
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butyl phosphoric acid (H.MBP) co-extracting other metal ions and affecting the selectivity of the
process.in addition, non-degradability of TBP results in large volumes of organic waste from the

process which requires excessive efforts for its safe disposal (Aytas et al., 2004).

Adsorption, the phenomenon of adhesion of atoms, ions or molecules from a gas, liquid or dissolved
solid attached upon a surface. The phenomenon can be visualized as the deposition of molecular
species that get adsorbed on the surface (Yildiz et al., 2011). Two types are Physical adsorption and
Chemisorption. They are persistent in many natural, physical, biological and chemical systems that
are widely used in Industrial applications such as Heterogeneous catalysts, activated charcoal,
capturing and using waste heat. Pre concentration and separating actinides from radioactive nuclear
wastes can often be achieved by adsorption, also clear from the very fact that, a lot of solid-phase
adsorbents, either synthetic or natural are being utilized for the purpose (Krejci et al., 2011).

1. Types of Bio-Adsorbent

2.1 Algae Based: Photosynthetic Eukaryotic organisms ranging from Unicellular to Giant kelps.
Mostly autotrophs, but certainly classified to be Green, brown and red algae. Prominently used for
making biodiesel, dye extraction etc in industries. Studies have been closely conducted to observe the
high adsorption capabilities of Algae due to higher cross-section it provides when properly treated
with Functionalities such as CaCl,. Recently, the scientists have discovered the remarkable abilities of
Algae to separate long lived isotope *Sr from waste thereby, incredibly decreasing the amounts of

nuclear waste

2.2 Bacteria Based: Prokaryotic microorganisms that are few micrometers in size yet, highly
pathogenic sometimes and also very advantageous. Bioaccumulation and Biosorption of Heavy metals
from waste waters have been in prominence with discovery of their usage serving the purpose.
Carboxyl, phosphonate, hydroxyl and amine groups studded in the cell walls is said to be the major
reason for adsorption activity being carried out by few of them like Mycobacterium, Anthrobacter etc
(Taskaev & Apostolov, 1978).

2.3 Fungal Based: Encompassing enormous taxa within varied ecologies these are distinct from Plant
and Animal kingdom with cell wall constituting substituents such as Chitin and anchored with Amine,
Phosphate, sulphates that help in Metal Sequestration. Admirable for their easy availability,
nonpathogenic nature and also approximated to be cheaper. Native Fungal biomass like Rhizomes,
Trichoderma etc. is still being experimented upon for adoption as potential adsorbents (Sylwester et
al., 2000).

2.4 Plant Based: Photosynthetic Eukaryotic organisms, predominantly forming the base of any food
chain. Sustaining balance of life on earth, by providing oxygen along food for all organisms, also find

their utility in Industries like pharmaceuticals etc.., The lignin and Cellulose make them viable
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adsorbents and a ray of hope is being looked upon for making these most economic and renewable

sources of Adsorbents (Sengupta et al., 2015).

2.5 Animal Based: Metazoan Community with the ability of movement that have complex
interactions and heterotrophic noticeably. These are being studied for removal of heavy metal ions
from Industrial waste. Chitosan is attributed mainly for this adsorption phenomenon showcased in

mainly aquatic animals like Shrimp shells, Starfish etc (Elsalamouny et al., 2017).

2. Methodology

Clostirium Moniliferum is a kind of green algae that occurs frequently in nature as pond algae and
proved to be one of the effective solutions in partitioning waste mostly ®Sr ion that constituted a
higher percentage of High level waste constituted by fission products. The crescent shaped algae is
highly effective in adsorbing *°Sr ions and storing it as crystals in its tiny vacuoles forming complexes
with natural organic ligands in humic substance. The salient features such as sustenance in acidic pH,
calefaction and low nutrient availability and low light simulation probably made it most suitable for
utilisation (Omar et al., 2007).

Initial processing
e The algae is washed and sun dried and later, it is dried in the oven at 343 k for up to 12 hours.

e Dry algal biomass formed be processed using different methods to manufacture the adsorbent

that can be used for the bioremediation.

DRY Algal Biomass Preparation

Wash the algae

Dry it under sun

Dry it in oven (343 Kand 12

Sieve the algae powder
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Fig 1. Dry algal biomass making process

3.1 First Method: - Ca?* pretreated algal biomass

0.1 M CacCl, is added to the dry biomass maintaining the pH level between 4-5 at room temperature
for 3 hours and obtained product can be used as Adsorbent (Pathak et al., 2000).

Ca” Pretreated Algal Biomass

Add 0.1 M CaCl, (298 K and 3)

Wash it by purified water

Ovendry (343K, 12 hr)

Fig 2. Calcium treatment of Algal biomass making it an adsorbent

3.2 Second Method: - Algae-Clay Composite

At first, a paste of the algal biomass and clay mineral is made. This paste is heated in the oven at
approximately 375 K-385 K for 6 hours. The briquettes of the mixture obtained are further crushed
and then are filtered out through the < 0.125 mm sieve and then the filtered mixture is dried in an
electric oven at 380 K (Prabhu et al., 2015).
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Algae-Clay Composite

Algal biomass + Clay material

|

Heat in oven (379 K, 6 hr)

|

Sieve the powder through

0.125mm sieve

|

Oven Dry 380 K

Fig 3. Algae—clay composite procedure for making adsorbent

3.3 Third Method: - CMC immobilized algal biomass

Take the mixture of algal biomass mixture and 2% Carboxymethyl cellulose in distilled water and

drop some 0.2 M Calcium Chloride in the solution and then the solution is dried and thereby utilized

as Adsorbent (Sengupta et al., 2014).

CMC Immobilized algal biomass

2% Carboxymethyl Cellulose +

algal biomass + distilled water

l

Above mixture + 0.2 M CaCl;

l

Cure it for 30 min and then

wash it and dry

Fig4. Carboxymethyl cellulose immobilized methodology for making Algal adsorbent
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Adsorbent manufactured are hereby used as a Permeable reactive membrane and can be applied

differently under different scenarios (Horwitz et al., 1995).

Scenario 1: In the Partitioning processes, this can actually be used to separate the *Sr isotopes that
form a part of 3% FISSION PRODUCTS produced by bombarding nuclear fuel. Having a half- life
of 28 years these would take more than 100 years as usually believed to nullify their radioactivity.
The Intermediate dry storage repository could be utilized for this purpose of accommodating Slurry
Bioreactors where wastes can be exposed to Clostirium Moniliferum and adsorption occurs on the
surface of this adsorbent bed, thereby separating *°Sr in the form of Strontium Carbonate (Ojovan et
al., 2008).

Scenario 2: In case of an uneven happening like Fukushima or a kind of repository failure like
ground water intrusion in a near surface repository due to course change where the High level waste
seem to get exposed following the phenomenon of Dispersion, Diffusion or Advection there by
forming contaminated plumes above the surface or near to the surface mostly. Such contaminated
plumes can thereby affect a larger cross section and need wider membrane coverage. Land farming is
one way through which such scenarios could be dealt upon. Soil piles around the contaminated plume
land can be prepared and tilling with the prepared adsorbent indeed helps in bio piling and

composting off the radioactive isotope (Lee et al., 2006).

Fukushima incident that shook the world in 2011 and created havoc due to the intrusion of radioactive
isotope into the environment. The released radiation’s impact probably can be reduced by using the
Clostirium Moniliferum adsorbent as Membranes or probably sheets to cover the exposed area around
the accident site (Farnan et al., 2007).

3. Mechanism of adsorption
Strontium exists in a valence state of +2. When it starts adsorbing on an Algal bed made of
Closterium Moniliferum an organic ligand is formed in the presence of Barium. That organic ligand

thereby gets stored in its Vacuoles in the cell wall of the organism in the form of Strontium Carbonate

replacing the Calcium atoms. Henceforth explained in the picture below (Singh et al., 2008).
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ADSORPTION OF STRONTIUM IONS OVER POND ALGAE

°-. . LIGAND COMPLEXATION
. B \\
~ ‘\

MUCLEUS

°_) STRONTIUM IONS

CELLWALL

PRECIPITATION Il
IN VACUOLES

CLOSTERIUM MONILIFERUM

Fig 5. Adsorption of Strontium ions onto the Clostirium Moniliferum Pond Green algae

4. Conclusion :

The greatest facet of 21st century is the pollution of land, water, air and almost everything. Dumping
of materials is the ultimate cause for all the grave climate issues. Bio based substances for capturing
harmful substances and separating them thereby, reducing the probability of detrimental effect caused
by them would improve the wholesomeness of our life. Algae is one of the hot favorite’s and has been
already explored as a befitting replacement of fuel, plastic etc.., to a great extent research is being
performed to see its usage as a bio substituent of waste management technologies replacing the
chemical based adsorbents. This is successfully being explored and we through this paper tried

throwing some limelight upon the technologies.
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