Austrian Journal of Technical
A PREMIER
@ and Natural Sciences, 2026 No 5-6 Publshing

{é} ISSN 2310-5607 ppublishing.org

DOI:10.29013/AJT-26-5.6-159-164 () ®

PROCESSING OF RADIOACTIVE WATER.
(Purification of water from radioactive isotopes and
heavy metal ions using biomass derived from algae)

Muykhailo Korobko !

! Specialist in the field of engineering, technologies, and concepts of
infrastructure and ecosystems of smart transport and intelligent garage
complexes G Motion Collision center Los Angeles, CA, United States

Cite: Korobko M. (2026). Processing of Radioactive Water. (Purification of water from
radioactive isotopes and heavy metal ions using biomass derived from algae). Austrian
Journal of Technical and Natural Sciences 2026, No 5—6. https://doi.org/10.29013/AJT-
26-5.6-159-164

Abstract

The article examines a technology for the purification of water contaminated with radioactive
isotopes and heavy metal ions using biomass derived from dried and granulated marine algae.
Particular attention is given to the ion-exchange properties of the biomass, which enable the
effective removal of radioactive ions and heavy metals without the use of chemical reagents. The
design features of modular purification systems equipped with disposable ion-exchange cartridges
and methods for the disposal of spent materials are also described. Special attention is devoted to
innovative non-contact monitoring systems based on resonance sensors capable of continuously
and selectively measuring the concentrations of various components in water and aqueous solu-
tions under radioactive conditions. The article presents the operating principles of the proposed
sensor technology, calibration methods, and the application of resonance-based monitoring for
real-time water quality control. In addition, economic aspects of the technology are analyzed,
including the potential market for purification and monitoring equipment in the nuclear pow-
er industry. It is concluded that the proposed combination of ion-exchange purification and
advanced resonance monitoring technologies offers significant potential for improving the
efficiency, safety, and environmental sustainability of radioactive water treatment processes.
Keywords: Heavy metal ions; Radioactive isotopes; Biomass derived from marine algae;
Granulated dried algae; Radioactive isotope ions; Potential for ion-exchange reactions;
Ion-exchange reactions for the adsorption of radioactive isotope ions

Purification of water from Practical experience has demonstrated
radioactive isotopes and heavy that dried biomass of algae of the OZOLA

metal ions using biomass type possesses ion-exchange properties that

derived from marine algae enable the adsorption of heavy metal ions
1. Ion-Exchange Nature of Purification. and radioactive isotope ions.
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For purification, the contaminated wa-
ter is passed through a volume of biomass
where, during the contact period, ion-ex-
change processes occur, resulting in the ab-
sorption of radioactive metal isotope ions
and associated heavy metal ions by the bio-
mass.
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Tests and industrial operation of water
purification systems at nuclear reactor fa-
cilities have shown that the purification ef-
ficiency achieved using OZOLA biomass can
reduce residual contaminant concentrations
to as low as 0.000001 milligrams per liter,
exceeding the requirements of current envi-
ronmental standards.

2. Design of the Modular Purification sys-
tem

The modular purification system con-
sists of a single column or multiple col-
umns, each assembled from standardized
segments.

Typically, a column may contain one, two,
or three segments connected by a special
coupling manufactured from nylon and poly-
vinyl chloride and equipped with a silicone
rubber seal. The connection or disconnection
of segments requires no more than one min-
ute per joint.

Each segment can accommodate up to
three ion-exchange cartridges. Each cartridge
consists of a knitted polyester sleeve filled
with OZOLA biomass. The ion-exchange car-
tridges are designed for single-use operation.

The knitted polyester sleeves are
mass-produced, and their cost does not ex-
ceed 5 US dollars per unit.

The columns and associated piping are
assembled and installed on a dedicated sup-
port frame that includes pumps, self-cleaning
mechanical filters, measuring instruments,
and monitoring equipment.

The cost of a modular purification system
with a capacity of 1 cubic meter per hour, in-
cluding three columns with three segments
each, one pump, a cascade of two mechanical
inlet filters, and a cascade of two automatic
mechanical outlet filters, is approximately
35,000 US dollars.

The cost of OZOLA biomass required for one
ion-exchange cartridge is approximately 50
US dollars.

3. Disposal of Purification Waste

Spent ion-exchange cartridges can be dis-
posed of using several methods.

The first option involves vacuum incin-
eration, followed by encapsulation of the
resulting ash within a specialized concrete
mini-sarcophagus designed for long-term
containment.
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Figure 3.

The second option involves compressing
the contaminated material into capsules,
sealing them with lead-containing rubber,
placing them into specialized storage drums,
and storing them in decommissioned under-
ground mine facilities.

4. Use of Module Housings for the Encap-
sulation of Spent material.

One disposal option involves the encap-
sulation of spent segments without disas-
sembly or removal of the ion-exchange car-
tridges.

The encapsulated segments are subse-
quently transported and stored in decom-
missioned underground mine facilities.

5. Polyester Knitted fabric as a material
for Ion-exchange Cartridges.

Polyester knitted fabric is manufactured
in the form of a highly elastic tubular sleeve.

Such sleeves are mass-produced and can
be supplied in any required quantities.

6. Problems arising in the monitoring of
purification quality using existing technolo-
gies.

6.1. All existing technologies for mon-
itoring the quality of water containing ra-
dioactive isotopes and radioactive materials
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in combination with heavy metals require
direct contact with water samples. Such
methods present risks to both operators and
equipment, since elevated radiation levels
negatively affect the accuracy of measure-
ment results.

6.2. Continuous real-time monitoring
cannot be effectively implemented using ex-
isting technologies.

6.3. Monitoring instruments intended for
operation in environments with elevated ra-
diation backgrounds require specialized pro-
tective shielding, which increases their cost
and reduces their reliability.

6.4. At present, there are no local rapid-
monitoring technologies capable of provid-
ing the required measurement accuracy un-
der such conditions.

6.5. The absence of real-time information
regarding water quality prevents timely op-
erational decision-making, which may lead
to emergency situations involving unique
and high-value industrial equipment.

7. Innovative nanometrology for opera-
tion in specialized equipment for the purifi-
cation of water, other liquids, and aqueous
solutions from radioactive isotopes.
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8. Characteristics of the proposed appli-
cation.

8.1. The proposed application consists of
a resonance sensor equipped with a power
supply unit, signal amplifier, signal convert-
er, and a communication device for transmit-
ting sensor data.

8.2. The sensor has a ring-shaped config-
uration and is installed on designated mon-
itoring sections of the inlet and outlet pipe-
lines of the water purification system.

8.3. The estimated cost of a sensor in-
tended for water quality monitoring, includ-
ing all associated peripheral equipment, is
approximately 35,000 US dollars.

8.4. The estimated cost of a sensor de-
signed for use in level measurement devices
is approximately 1,450 US dollars.

Adaptation of the proposed instrument
for measuring the concentrations of various
components in water or aqueous solutions
requires minimal time and effort.

Technologically, this process involves
repeating the same calibration procedures
based on determining the optimal resonance
parameters characteristic of specific metal
ions or chemical substances present in the
solution. The calibration process takes into
account the overall condition of the solution,
the proportions between its components, and
the chemical background of the medium, in-
cluding the concentrations of components
that remain relatively constant over long pe-
riods and do not significantly affect the mea-
sured parameters.

A methodology for calibrating the reso-
nance circuit has already been developed and
validated through prototype testing. The test
results were positive and demonstrated the
practical capability of modifying resonance
circuit parameters as required under various
operating modes, including fully automatic
adjustment.

For the sequential measurement of differ-
ent solution components, the signal generat-
ed by the sensor is continuously modified ac-
cording to the optimal resonance parameters
corresponding to each target component. As
a result, the same instrument can measure
the concentrations of multiple components
sequentially, automatically adapting the res-
onance circuit to the resonance characteris-
tics specific to each component.
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All of these adaptive functions are incor-
porated into the instrument’s control proces-
sors and have been successfully tested.

9. Market size.

9.1. The estimated demand for water
quality monitoring sensors used in nucle-
ar reactors and nuclear power generation
systems exceeds 15,000 units, since water
purification systems typically have limited
throughput and each installation requires at
least two sensors.

9.2. The estimated value of these sensors
is approximately 52.5 million US dollars.
Installation, spare parts supply, and service
support are estimated at 35% of the sensor
value, corresponding to approximately 18.2
million US dollars annually.

9.3. Accordingly, the total projected mar-
ket volume for the proposed monitoring ap-
plication is estimated at approximately 70.7
million US dollars.

9.4. The estimated demand for level sen-
sors intended for the same categories of fa-
cilities and industrial operations is approxi-
mately 50,000 units. The estimated market
value of these level sensors is approximately
72.5 million US dollars.

9.5. The combined projected market vol-
ume for radioactive water quality monitor-
ing sensors and level sensors designed for

PROCESSING OF RADIOACTIVE WATER



Austrian Journal of Technical
and Natural Sciences, 2026 No 5-6

operation in environments with elevated ra-
diation backgrounds is estimated at approxi-
mately 143.2 million US dollars.

Selective monitoring of
component concentrations in
water and aqueous solutions

In simplified terms, the selective mea-
surement and monitoring of concentrations
of metal salts and other substances dissolved
in water can be explained as follows.

Water possesses an unusually high dielec-
tric constant, which is a consequence of the
exceptionally large dipole moment of water
molecules. As a result, the overall polariza-
tion response of a solution in an alternating
electric field depends not only on the concen-
tration of non-polar impurities but also on
molecules whose dipole moments differ from
that of water.

This difference forms the basis of the
resonance method for selectively measur-
ing impurity concentrations in water and
aqueous solutions. When water is intro-
duced into a resonant circuit, it establishes
a characteristic resonance line specific to
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water. Any impurity introduced into the wa-
ter within the resonant circuit causes a shift
in this resonance and in the corresponding
resonance line.

Different impurities produce different
resonance shifts depending on their con-
centration. A set of calibration relationships
corresponding to specific metals or chemical
elements makes it possible to selectively de-
termine the magnitude of the resonance shift
and, consequently, the concentration of each
impurity present in the water or aqueous
solution.

These calibration relationships are estab-
lished through chemical calibration proce-
dures using conventional analytical methods.

For solutions and liquids that are not
water-based, the methodology and prin-
ciples of selective concentration measure-
ment are similar. The primary difference is
that the reference component used for com-
parison is selected from among the constitu-
ents of the solution or liquid and is typically
the component whose molecules possess the
highest dipole moment within that particu-
lar medium.
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