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1.Abstract
Radioactive tracers (or radiotracers) have been
employed for many decades to investigate the
fluid flow dynamics in industry and in the
environment. Radiotracers are very convenient
and efficient to obtain dynamic parameters of a
system, and hence are crucial for diagnosing,
troubleshooting and for modelling processes in
industry and in the environment. There are
conventional as well as radioactive tracers.
Radioactive tracers are the most widely used for
online
non-destructive
diagnosis
and
troubleshooting, since they can be measured
with high sensitivity and are resistant under
harsh conditions. Radiotracer availability has
been increasing worldwide with the availability of
radionuclide generators.
Key words: Radioactive tracers, availability of
radioactive tracers, radionuclide generators,
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industrial and environmental applications.
1. BACKGROUND
Radioactive tracers (radiotracers) have been widely used in industries to optimize
processes, troubleshoot problems, improve product quality, save energy and
consequently reduce pollution. The economic benefits of the use of radiotracers in
industry and environment have been amply demonstrated over the years and are
recognized by the end-users.
Relevant target areas for radiotracer applications are defined. Though the technology
is applicable across a broad industrial and environmental spectrum, the petroleum
and petrochemical industries, mineral processing and waste-water treatment sectors
are identified as the most appropriate target beneficiaries of radiotracer applications:
these industries are widespread internationally and are of considerable economic and
environmental importance.
Over the years, the International Atomic Energy Agency (IAEA) has contributed
substantial funding and efforts in promoting training and transferring radiotracer
technology to developing member states. Significant progress has been made
enabling member states to introduce the radiotracer technology to end users, and to
establish national radiotracer groups with an indigenous capacity to sustain and
further develop the technology. There are many radiotracer groups in developing
member states applying radiotracers in routine services to end users.
2. TRACERS AND RADIOTRACERS
A tracer is any substance whose atomic or nuclear, physical, chemical, or biological
properties provide for the identification, observation and following of the behavior of
various physical, chemical or biological processes (dispersion, mixing, kinetics and
dynamics). There are many kinds of tracers, among which radioactive tracers are
alone suitable for online field applications in harsh and polluted conditions.
The main advantages of radiotracers when compared to conventional tracers are:
- high detection sensitivity enabling use of extremely small amounts of the tracers:
37 GBq (1 Ci) of 131I- weighs just 8 μg, while 37 GBq (1 Ci) of 82Br- weighs only 0.9
μg; which is why, when injected, they do not disturb the dynamics of the system
under investigation.
- easy measurability - radiotracers can be measured from the outside of a pipe,
vessel, tank or pond, without disturbing the process.
- quick clearance from the system - the disappearance of a radiotracer from the
medium under investigation through radioactive decay enables repetition of
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experiments at the same location with the same tracer, yet maintaining the
radioactive pollution to a minimum throughout
- unique radiation features – enables simultaneous measurement of different
radiotracers; hence several tracers that are selective to different parameters in the
industrial process may be employed simultaneously as they can be individually
measured using field gamma spectrometers.
- unaffected by matrix - emission of radiation is an intrinsic specific property of the
radionuclide, not affected by interference from other materials in the system.
2.1. Selection of radiotracers
Factors that are important in the selection of a radiotracer are as follows:
 Physical/chemical form and properties of the radiotracer with respect to
compatibility with the system under investigation
 Half-life of the radiotracer
 Specific activity of the radiotracer
 Type and energy of radiation/s emitted
 Availability and cost of the radiotracer
 Method of measurement (on-line or sampling) of the radiotracer
 Radiological protection/regulations for handling of the radioactive materials,.
The range of radioactive tracer activities employed generally range from 0.1 – 100
GBq. The half-lives of radioactive tracers are comparable to the residence time of the
tracer compound in the system to be investigated. Radioactive tracer applications in
industry involve the use of short-lived open radionuclides, mostly with half-lives in the
range of several hours up to several days.
2.2. Intrinsic and extrinsic tracers
Intrinsic (or chemically similar) tracers, are molecules which contain an isotope as
one of the molecule’s natural elements, for example, in the case of water, tritium is an
intrinsic tracer. In this case, the water molecule is traced from inside, in the intimacy
of its nucleus, consequently the water tracer will follow every movement and reaction
of the water itself.
Extrinsic (or physically similar) tracers, are made up of atoms or molecules which are
supposed to share the same dynamic characteristics and, in general, the same mass
flow behavior as the investigated medium. In case of water, Na131I- and 99mTcO4 are
examples of extrinsic tracers. Extrinsic tracers are mostly employed in industry.
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2.3. Availability of radiotracers
Currently, most of the radioisotopes employed as radiotracers are still produced in
nuclear reactors. However, cyclotron produced radionuclides are growing in number
rapidly. Radioisotope generators that are extensively used in nuclear medicine, have
been applied in industry as well. Table 1 gives the principles of radionuclide production.
Table 1 Major producers of radionuclides that are used as radiotracer
Nuclear Reactors

Cyclotrons

Generators

Principle of
production

Target material inserted in
the neutron flux field
undergoes fission or
neutron activation
transmuting into the
radionuclide of interest

Target material irradiation
by charged particle beams,
inducing nuclear reactions
that transmute the
material into radionuclide
of interest.

Long-lived parent
radionuclide decays to
short-lived daughter nuclide
of interest. Daughter
nuclide elution follows in
pre-determined cycles

Production
Reaction
inducer

Neutrons

Charged particles, mostly
proton beam

Radioactive Decay

Advantages

- High specific activity in
most cases
- High production efficiency
- Small investment in
- Centralized production:
comparison to nuclear
one research reactor can
reactor
cater to large regions
- Low amounts of longlived radioactive waste

- High investment and
operational costs
- Considerable amounts of
long-lived radioactive
waste, when fission route
is employed for production
Disadvantages
- Long maintenance
periods when the reactor is
not available
- Public acceptance and
safety concerns,
challenging

- Complex logistics needed
for production of shortlived radionuclides
- Radionuclide production
limited depending on
installed beam energy

- Available on site, and the
radioisotope can be availed
when desired (no
dependence on logistics)
- Generally long shelf life
- Easy to use
- Limited radioactive waste:
returned to manufacturer
after use

- Elution frequency of the
radioisotope governed by its
half-life.
- Trace contaminants of
long-lived parent nuclide in
eluted product, a possibility,
especially in old generators

The cyclotron production of short life radionuclides, followed extensively in nuclear
medicine, has been increasingly employed for the production of some radionuclides
for industrial and environmental applications as well. Iodine-123 (T1/2 = 13.2 h,
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gamma energy 158 keV) has great potential for industrial and environmental
applications in the near future.
2.4. Radionuclide generators for radiotracer applications in industry and environment
Timely non-availability of short-lived radiotracers at the investigation site is one of
the main hurdles that prevents the widespread utilization of radiotracers in industry.
Industrial radiotracer generators (IRTG) based on industrial radionuclide generators
(IRNG), are an attractive option for obtaining the desired radiotracer, at or in close
proximity to the investigation site, as required. Such generators remove the
dependence on proximity to the reactor or cyclotron production facilities. Another
advantage is the ease with which the daughter product (short-lived radionuclides) can
be separated on demand and converted into a radiotracer by some tailor-made
labelling procedure at site. Radionuclide generators also represent a cost-effective
strategy to ensure a continuous and reliable supply of short-lived radionuclides for
radiotracer investigations. This facilitates work at remote locations and also makes the
provision of a rapid response service for problems of an urgent nature possible.
Large-scale use of short-lived radionuclides in radiotracer application requires that
industrial radionuclide generators (IRNG) be available.
For a radionuclide generator to be suitable for industrial use, several criteria need to be met.
 Availability: Ideally, the parent radionuclide should be commercially available, at
moderate cost.
 Half-life of the parent radionuclide: For use at remote locations it is important to
select a generator with an adequately long half-life.
 Half-life of the daughter radionuclide: The daughter radionuclide, used as a
radioactive tracer should have a half-life that is as short as possible, consistent
with achieving the objectives of the test. Half-lives varying from several minutes
to several hours have been found to be particularly useful. It should also be
noted that the shorter the half-life of the daughter, the more rapidly the "cow"
regenerates itself after elution of the daughter.
 Type and energy of radiation from the daughter radionuclide: Gamma-ray
emitting radionuclides are preferred for most industrial applications because of
the ability of gamma radiation to penetrate the often-substantial thicknesses of
material from which a process plant is typically constructed. Gamma rays of
energy 140 keV and upwards have been found to be useful.
 Physico-chemical properties of the eluted daughter: Ideally, the material eluted
from the generator should be in a form that is physically and chemically
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compatible with the material to be traced, so that it can behave as close as
possible to the material and can be injected into the process stream of interest
immediately without complicated chemical treatment.
In line with the above criteria, four radionuclide generators have been found to be
particularly suitable for industrial and environmental use. They are:
 99Mo/99mTc Generator
 137Cs/137mBa Generator
 113Sn / 113mIn Generator
 68Ge/68Ga Generator
Figure 1 shows Tc99m generators in a manufacturing line.

Figure 1 Tc-99m generators

99Mo/99mTc

Generator, is used extensively in nuclear medicine and is widely available
worldwide. T½ = 6 h of 99mTc is appropriate for a wide range of studies at industrial
plants. The gamma-ray (140 keV) has a half-thickness of 5 mm of steel. Thus, the
99mTc, which is usually eluted as a sodium pertechnetate solution, is suitable as a
tracer for vessels of a wall thickness up to about 10 mm.
137Cs/137mBa

Generator, is produced in some laboratories. Cs-137 is a long-lived
parent nuclide which has a half-life of 30.07 years while Ba-137m has a half-life of
2.55 minutes and decays by emitting a gamma ray (Eγ = 0.6617 MeV), into the
stable isotope Ba-137. It is still used mostly in liquid flow rate calibration in closed
conduits.
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113Sn

/ 113mIn Generator, is commercially available, but in a limited manner. Gammaray energy of 113mIn (392 keV) together with useful half-lives of the 113Sn parent
(115.1 d) and 113mIn daughter (99.5 min) makes this generator suitable for many
industrial applications. Once eluted with HCl, 113mInCl3 is produced, which is a good
tracer for solids (sediments); mixing with EDTA solution, the 113mIn-EDTA compound is
produced which is a good tracer for aqueous systems.
68Ge/68Ga

Generator, is commercially available but relatively expensive. This is in
many respects similar to the 113Sn/113mIn generator. Due to high gamma ray energy of
1.08 MeV, 68mGa can be used online in thick-walled pipes and vessels. The half-life of
the parent (287 days) is conveniently long though while the daughter's half-life of
68.3 minutes is rather short for studies of more than a few hours' duration. Gallium as
eluted gallium (III) chloride (GaCl3), is a good tracer for solid phase studies. But, in
order to make it an effective tracer in aqueous systems, Ga(III) has to be complexed
with chelating agents, most commonly different cyclic or acyclic acetates such as
NOTA or DOTA (EDTA or DTPA can also be used).
The issues that need to be addressed in fabricating Industrial Radionuclide Generators
(IRNG) are different from those associated with the manufacture of medical
generators. In the development of IRNGs, it is desirable and preferred to utilize
mother radionuclides with long physical half-lives of months or years, to overcome the
challenges related to the logistics of storage and transportation. It is anticipated that
IRNGs will be inexpensive in comparison to medical radionuclide generators as there
is no need to adhere to the stringent pharmaceutical regulatory requirements.
However, commercial production of IRNGs is perceived to be economically
unattractive, as the numbers that are likely to be required are relatively small, since
the market for radiotracers for industrial and environmental applications is much
smaller compared to the market for radiotracers for medical applications. Worldwide
there are thousands applications a year in the industry compared to millions in
medicine. As a result, there are very few companies around the world that currently
supply IRNGs. Actually, most of radiotracer applications for industry and the
environment are based on the Tc-99m generator produced and used in medicine,
which is a good compromise owing to its relatively low cost, availability and utility.
The main problem that still persists is the non-availability of gas radiotracers in
countries that do not have nuclear reactors, the majority of which are developing
countries. As yet there are no market generators that generate gas radionuclides for
industrial applications.
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2.5. Conventional and radioactive tracers
Tables 2, 3 and 4 compare radioactive tracers with conventional ones for liquid, gas
and solid phase studies.
Table 2 Conventional and radioactive tracers for liquid phase
Conventional tracers

Radioactive tracers

Tracers used and parameters measured:

Radiotracers recommended:

Electrolytes (NaCl solution) - conductivity
Dyes (Rhodamine, Fluorescence) - colour
Acids & Alkali – pH

K Br, NH Br,

82

99m

3

131/125

I,

TcO4-,

113m

In-EDTA,

46

Sc-EDTA,

24

Na CO
2

3

Advantages
-

Easy availability
Cheap

-

No interaction with WWTP treatment
Low detection threshold
On-line measurement
No limitations due pH, conductivity, colour
Some radiotracers are readily available.

Disadvantages
-

Not suitable for coloured, conducting liquids
Stratification possibility
Large threshold detection concentration
Possible interference with WWTP operation

Cumbersome procedures
Radiation safety regulations

to

comply

with

Relatively expensive detection equipment

Table 3 Conventional and radioactive tracers for gas phase
Conventional tracers
Traces Used: Reactive Gases
Cl , SO , NO , SF , etc.
2

2

2

6

Radioactive tracers
Recommended: Gaseous radiotracers
Ar-41, Kr-79, Br-82 (as CH Br)
3

Advantages
-

Easy availability
Simple analysis
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High selectivity
Low detection limit
In-situ/On-line measurement (no
sampling needed)
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Disadvantages
-

Poor selectivity
Poor detection threshold
Statistically representative sample

-

Limited Availability
High Costs
Cumbersome procedures to comply with
Radiation safety regulations

Table 4Conventional and radioactive tracers for solid phase
Conventional tracers

Radioactive tracers

Tracers used
No known solid tracers
Current method: sampling,
weighing

Radiotracers recommended
In-113m, Tc-99m, Au-198, etc.
filtering,

drying,

Advantages
- Same as in case of liquid phase radiotracers
- Can be independently detected without
interference with gas and liquid detection
Disadvantages
-

Tedious
Statistically representative sampling

-

Cumbersome procedures to comply
with Radiation safety regulation
Relatively expensive equipment

2.6. Mass and surface labelling of solids
A. Internal (mass) labelling
A common method for the labelling of a solid material is direct activation i.e.,
irradiating a portion of the traced material in a neutron flux and induce the necessary
activities. Specially produced glasses, containing a chemical element that can be
activated by (n, γ) reactions, are available at any desired size range and are used
very extensively as sand tracers. 198Au, 51Cr, 192Ir and 46Sc are the radioactive
nuclides often induced. Figure 2 presents iridium (Ir-192) glass as used as a
radiotracer for seabed sediment transport investigations.
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Figure 2 Iridium glass (incorporating Ir-192) imitating and tracing sand

In the majority of radiotracer applications, the radiotracer has to physically represent
the material to be traced; this is so called mass labelling, where the radiotracer is
uniformly homogenized into solid particles. This is precondition for a quantitative
measurement of radiotracer concentrations, which means a conversion of radioactivity
to concentrations.
B. Surface labelling
The absorption of a radionuclide on the surface of a solid has been used as a
labelling method for many powdered materials, following special pretreatment of the
surface. Tc-99m is often used for such labelling and solid particles are first soaked in
stannous chloride, SnCl2, followed by reaction with pertechnetate (TcO4-1). Some fine
porous or chemical active materials like cement, coal, mud and clay can be labelled by
simple mixing in the solid phase with radionuclide solution. In this case, it can be
considered as mass labelling.
With surface labelling methods, unlike direct activation, the activity becomes
proportional to the surface area of the material rather than its mass, and it thus
depends on the grain size distribution. Surface labelling is mostly used where there is
no nuclear reactor around. Radionuclide generators are mostly used in this case.
3. MAJOR APPLICATIONS OF RADIOTRACERS IN INDUSTRY AND ENVIRONMENT
Figure 3 shows some typical applications of radiotracers.
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a. Residence time distribution (RTD)

b. Fluid Catalitic Cracking Unit (FCCU)

c. Wastewater treatment pond

d. Offshore oil field

Figure 3 Typical applications of radiotracers

Radiotracers are used for diagnostic, troubleshooting, optimization and modelling;
their major applications are:
 Residence time distribution analysis
 Flow rate calibrations
 Leak testing in pressured vessels, heat exchangers and buried pipelines,
 Mixing/blending studies
 Wastewater treatment installations
 Sediment movement in rivers and sea beds
 Inter-well tracer test in oil and geothermal fields
 Emission tomography.
Major targets for applications of radiotracer technology are, petroleum and
petrochemical industries, as well as mineral processing and cement manufacturing.
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The most widely used industrial applications of radioactive tracers include residence
time distribution (RTD) measurements for troubleshooting, diagnosis and modelling of
solid, liquid and gas flows in industrial processes; leak detection in heat exchangers
and in underground pipelines; and flow rate measurements of fluids in pipes and open
streams.
Typical applications of radioactive tracers in environmental studies include sediment
transport investigations in rivers and coastal regions; investigations in wastewater
treatment plants; and inter-well studies in oil, gas and geothermal fields.
4.CONCLUSIONS AND RECOMMENDATIONS
 Radioactive tracers are the most competitive (and sometimes unique) tracers for
non-destructive online diagnosing and troubleshooting.
 Radiotracer availability is well established worldwide through utilization of
radionuclide generators employed in nuclear medicine.
 Short life radionuclides produced in local cyclotrons may be used as radiotracers
in industry and in the environment.
 The availability of gaseous radiotracers is still a concern and needs to be
addressed
BIBLIOGRAPHY
1. PLASARI, E.; THERESKA, J., LECLERC, J.P., VILLERMAUX, J. Tracer experiments and residence-time
distributions in the analysis of industrial units: case studies. Nukleonika, Vol. 44 No. 1 p.39-58, 1999,
Poland.
2. IAEA, Technical Report Series TRS, 423. Radiotracer Applications in Industry - A Guidebook, IAEA,
Vienna, 2004.
3. IAEA TCS 31. Radiotracer RTD method for industrial and environmental applications, IAEA, Vienna,
2008.
4. IAEA, TECDOC-1589. Industrial Process Gamma Tomography, IAEA, Vienna, 2008.
5. IAEA, TCS 38. Leak detection in heat exchangers and underground pipelines using radioactive
tracers, Vienna, 2009.
6. IAEA, TCS 49, Radioactive tracer applications in wastewater treatment plants, Vienna, June 2011.
7. IAEA Radiation Technology Series No. 3. Applications of Radiotracer Techniques for Interwell Studies,
IAEA, Vienna, 2012.
8. IAEA Radiation Technology Series No. 5. Radioactive tracer generators for industrial applications,
IAEA, Vienna, 2013
9. IAEA, TCS 59, Radiotracer and sealed source applications in sediment transport studies, Vienna 2014.

To Contents
WORLD COUNCIL ON ISOTOPES

12

02. Isotope-related News
Signing of Historic LOI for a Mining Expedition to the Moon to
Extract Rare and Valuable Isotopes
US Nuclear Corp (OTCQB:UCLE) and Solar System Resources Corporation in Poland
signed a historic transatlantic agreement for the supply of the desperately rare
helium-3 isotope from deposits located on the moon.
The helium-3 isotope is found in very small amounts in natural helium, but there is
little natural helium on Earth, and furthermore, it is not economical to produce this
isotope from natural helium. All of the helium-3 resources we have on Earth are a byproduct of nuclear weapons maintenance, which can theoretically provide about 300
kg of helium-3 and thus still produce about 15 kg of helium-3 per year. The total
supply of strategic helium-3 in the US is about 29 kg, and another 187 kg has been
mixed with stored natural gas – these resources are not renewable. The bottom line is
that there is a large shortage of helium-3 on Earth, and with the current supply
allocated for border security, there is none leftover for other uses. Helium-3 is 100
million more times abundant on the Moon where it has been captured over billions of
years from solar winds. Furthermore, it is a renewable resource – the solar wind is
constantly depositing helium-3.
To read more please visit:
https://stockdaymedia.com/signing-of-historic-loi-for-mining-expedition-to-the-moonto-extract-rare-and-valuable-isotopes/
Source: Stock Day Media

INL seeks efficiency boost for radioisotope-powered spacecraft
INL and Battelle Energy Alliance, its management and operating contractor, are
already looking ahead to the next generation of plutonium-powered spacecraft: the
Dynamic Radioisotope Power System (Dynamic RPS). INL announced on February 15
that it is partnering with NASA and the DOE to seek industry engagement to further
the design of this new power system.
The goal: The Dynamic RPS will be designed for a potential lunar demonstration
mission by the late 2020s, according to INL. The goal of this technology
demonstration project is to develop and demonstrate the performance of a system
that is three times more efficient than current systems.
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The Dynamic RPS will create electricity for a space craft from heat released from the
decay of plutonium-238. But unlike the radioisotope thermoelectric generators (RTGs)
that have used plutonium to power previous missions, including the Mars Curiosity
and Perseverance rovers, dynamic power conversion promises more efficiency,
producing the same amount of power with less plutonium-238 and extending the use
of radioisotope power to larger systems.
To read more please visit:
https://www.ans.org/news/article-2635/inl-seeks-efficiency-boost-forradioisotopepowered-spacecraft/
Source: American Nuclear Society

Fuzionaire, NMP seek new PET radiopharmaceuticals
Fuzionaire Radioisotope Technologies (FRIT) and radiopharmaceutical firm Nihon
Medi-Physics (NMP) are teaming up in a bid to create a new class of PET
radiopharmaceuticals.
NMP, a joint venture between Sumitomo Chemical Company and GE Healthcare, will
assess the ability of the Fuzionaire's F-18 radiolabeling platform in a feasibility study.
Fuzionaire aims to apply its technology to create new radiopharmaceuticals that can
aid in predicting and measuring patient responses to cancer immunotherapy
treatments, according to the companies.
Formed in 2019 as a joint venture of Fuzionaire Diagnostics and Japan Medical
Isotope Technology Development, FRIT is working to develop and commercialize
Fuzionare Dx's radiopharmaceutical technologies in Japan.
To read more please visit:
https://www.auntminnie.com/index.aspx?sec=sup&sub=mol&pag=dis&ItemID=131418
Source: AuntMinnie

ARTMS Tc-99m gets green light from Health Canada
Medical isotope developer ARTMS of British Columbia, Canada, announced that its
cyclotron-produced technetium-99m (Tc-99m) radioisotope is being shipped
commercially following approval on November 26 for clinical use by Health Canada.
The application for approval by Health Canada was supported by a joint filing from
ARTMS, BC Cancer, the TRIUMF particle accelerator center in Canada, Lawson Health
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Research, and the Centre for Probe Development and Commercialization.
In a statement about the approval, ARTMS said that its cyclotron-based technology
provides a badly needed alternative source to Tc-99m that generators produced in a
small numbers of nuclear reactors globally. This helps prevent shortages when
operations at generators are disrupted, ARTMS said.
To read more please visit:
https://www.auntminnie.com/index.aspx?sec=ser&sub=def&pag=dis&ItemID=131195
Source: AuntMinnie

Reaping FRIB’s isotopes to sow new science
A new $13 million grant is helping the Facility for Rare Isotope Beams at MSU harvest
unused isotopes for a variety of research fields.
This unique facility can also become a source of rare isotopes that benefit a variety of
other fields, including medicine, materials’ science and environmental studies. During
a routine operation for its nuclear physics mission — without interfering with FRIB’s
primary users — extra, unused isotopes can be “harvested” using additional tools and
infrastructure.
Isotope harvesting at FRIB is recommended by a national panel. The Nuclear Science
Advisory Committee on Isotopes Subcommittee recommended it in its 2015 NSAC
Isotope Long Range Plan: “Research quantities of many of these isotopes, which are
of interest to various applications including medicine, stockpile stewardship and
astrophysics, are currently in short supply or have no source other than that of FRIB
operations.”
To read more please visit:
https://msutoday.msu.edu/news/2021/reaping-frib-isotopes-to-sow-new-science
Source: Michigan State University

International Isotopes Inc. Announces a Collaboration With
Laboratoire d'Etalons d'Activite (LEA) for Distribution of
Calibration Sources in North America
International Isotopes Inc. (OTCQB: INIS) (the "Company") announces its subsidiary
RadQual has signed an agreement with LEA to distribute of their source products in
North America. RadQual has long been an established distributor of calibration and
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reference sources for the nuclear medicine industry. LEA, a wholly owned subsidiary of
Orano (France), produces sources for control and calibration of equipment in the fields
of radiation protection and metrology.
LEA's calibration and reference sources are measured according to ISO 17025:2017
under COFRAC1 accreditation, which provides the same traceability to SI2 as the
National Institute of Standards and Technology (NIST). LEA products include a wide
range of calibration sources, and LEA has been providing tens of thousands of these
radioactive sources in France and abroad over the past 20 years. Under this new
agreement, RadQual will import the LEA products, and they will be distributed by INIS
throughout the United States and Canada.
To read more please visit:
https://www.prnewswire.com/news-releases/international-isotopes-inc-announces-a-collaboration-withlaboratoire-detalons-dactivite-lea-for-distribution-of-calibration-sources-in-north-america-301224898.html
Source: International Isotope Inc.

LIBS, 2D Spectral Imaging Combine to Improve Isotopic Measurements
Pacific Northwest National Laboratory researchers have improved laser-induced
breakdown spectroscopy (LIBS) measurements of hydrogen isotopes in what they
characterized as “industrial important” alloys. In optimizing an ultrafast (ultrashort
pulse) laser with certain, controlled environmental conditions, the analytical technique
revealed in testing where and when emissions from hydrogen isotopes were the
strongest.
Among other uses, the technique could enable a faster analysis of materials that have
undergone irradiation in nuclear reactor cores, and aid in the development of nextgeneration materials for hydrogen storage — supporting new energy technologies and
the analysis of corrosion when a material is exposed to water.
Using LIBS to detect specific isotopes requires performing measurements of extremely
narrow emission spectra of atoms. Because extreme temperatures of laser-produced
plasmas (10,000 K or higher) broadens the spectral lines, this is difficult for isotopes
of lighter elements, such as hydrogen.
To read more please visit:
https://www.photonics.com/Articles/LIBS_2D_Spectral_Imaging_Combine_to_Improve/a66651
Source: Photonics Media
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Mumbai: BARC evolves the design of 1st PPP research reactor for
the production of nuclear medicines
Bhabha Atomic Research Centre (BARC) has evolved the design of a research reactor.
The premier research organization of the Department of Atomic Energy (DAE) is ready
to share the technology of production for a variety of radioisotopes used in nuclear
medicine.
In the proposed partnership, the private entities will get exclusive rights to process
and market the isotopes produced in the research reactor, in lieu of investing in the
reactor and processing facilities. In this context, it may be stated that on 16th May
2020, Union Finance Minister announced the establishment of a Research Reactor in
PPP mode for the production of medical isotopes as a part of Aatma Nirbhar Bharat
initiatives for DAE.
DAE has initiated discussion with potential Indian and global investors regarding this
project to seek their input. Going forward, investor's roadshows are planned to start
from the 1st quarter of 2021, followed by a formal tender process for the selection of
private partner(s). The proposed reactor is expected to come online within five years
of the beginning of the construction. The construction is planned to start after
obtaining all requisite permissions.
To read more please visit:
https://www.freepressjournal.in/mumbai/mumbai-barc-evolves-design-of-1st-pppresearch-reactor-for-production-of-nuclear-medicines
Source: The Free Press Journal

Einsteinium:
Scientists
Transplutonium Element

Reveal

Chemical

Secrets

of

Elusive

Transplutonium elements are a group of metals that lie at the edge of the periodic
table. As a result, the patterns and trends used to predict the physics and chemistry
for other metals are less applicable to these heavy elements. Furthermore,
understanding the properties of transplutonium elements has been restricted by their
radioactivity and scarcity. This is especially true for einsteinium, the heaviest element
on the periodic table that can currently be generated in quantities sufficient to enable
macroscale studies. Researchers from the Lawrence Berkeley National Laboratory and
Los Alamos National Laboratory overcame these challenges by working with small
quantities of einsteinium-254 to characterize its complex compound in solution and as
a solid.
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To read more please visit:
http://www.sci-news.com/othersciences/chemistry/einsteinium-coordination-complex09320.html
Source: SCI News

Fuzionaire Radioisotope Technologies K.K.
Physics Enter Feasibility Study Agreement

and

Nihon

Medi-

Fuzionaire Radioisotope Technologies K.K. (“FRIT”) today announced that it has
entered into a feasibility study agreement with Nihon Medi-Physics Co., Ltd. (“NMP”),
a leading radiopharmaceutical company in Japan, engaged in R&D, manufacturing,
and distribution.
One of FRIT’s priorities is to apply this fluorine-18 platform to create new
radiopharmaceuticals that enable the prediction and measurement of patient
responses to cancer immunotherapy treatments. In recent years, there have been
extraordinary advances in treatments that help patients’ immune systems fight cancer.
However, accurate, optimized patient stratification and selection remains a critical
barrier to effective application and development of immunotherapies. Due to the
unique capabilities of positron emission tomography – specific, quantitative, real-time,
and high-resolution imaging of markers of immunological response – new PET
radiopharmaceuticals have the potential to remove that barrier.
To read more please visit:
https://www.businesswire.com/news/home/20210126005367/en/FuzionaireRadioisotope-Technologies-K.K.-and-Nihon-Medi-Physics-Enter-Feasibility-StudyAgreement
Source: Business Wire

Pacer Air freight and CNIC Partner to address isotope supply
chain challenges
Pacer Air Freight, an independent freight forwarder and leader in delivering life-saving
supplies to hospitals and research institutions worldwide, has joined the Canadian
Nuclear Isotope Council (CNIC).
The world has always counted on Canada to supply critical life-saving isotopes, but
the fragility of our efforts has threatened the critical supply of these materials before
and it is once again, said Mike Stopay, Pacer Air Freight’s President and CEO. With
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global trade dynamics changing every day, and since the onset of the COVID-19
pandemic, supply chains in every sector have faced challenges. The isotope sector has
not been able to escape this fate either, leading to additional challenges for shipments
of these critical materials specifically stemming from air freight transportation.
“Pacer Air Freight is confronting these challenges, and its partnership with the CNIC is
another step to ensure the safe and reliable delivery of critical medical isotopes,”
Stopay said. “As specialists in time-critical and expedited shipping, our mission is to
help companies when the unexpected happens or when the shipping requirements of
their products cannot be fulfilled through regular logistics partners.”
To read more please visit:
http://www.canadianisotopes.ca/pacer-air-freight-and-cnic-partner-to-addressisotope-supply-chain-challenges/
Source: Canadian Nuclear Isotope Council

Alithya Joins Canadian Nuclear Isotope Council To Accelerate
Progress In Medical Isotope Innovation And Automation
Alithya Group inc. (TSX: ALYA) (NASDAQ: ALYA) (“Alithya”), a leader in strategy and
digital transformation, and a trusted supplier to the nuclear industry for more than 30
years, has partnered with the Canadian Nuclear Isotope Council (CNIC) to support the
Canadian isotope sector with its artificial intelligence, automation, and digital systems
expertise.
“The strategic partnership is aimed at helping members of the CNIC and the broader
Canadian isotope sector to increase the efficiency, ease, and safety of the isotope
production, packaging and delivery processes to ensure Canada remains a global
leader in this field,” said Nigel Fonseca, Senior Vice President, Ontario & Western
Canada at Alithya. “This commitment makes Alithya a great long-term delivery
partner with Canada’s isotope sector to push new boundaries with the research and
development of new applications of isotopes for cancer treatments.”
Alithya has been working on key projects within the Canadian nuclear isotope sector,
providing engineering, design, testing, and simulation services for projects with many
leading isotope companies.
To read more please visit:
http://www.canadianisotopes.ca/alithya-joins-canadian-nuclear-isotope-council-toaccelerate-progress-in-medical-isotope-innovation-and-automation/
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Source: Canadian Nuclear Isotope Council

Alzheimer's disease diagnostics could become more accessible
A team of researchers from the Laboratory of Biophysics at NUST MISIS, Lomonosov
Moscow State University and D. Mendeleev University of Chemical Technology of
Russia has developed metal-containing diagnostic agents for positron emission
tomography (PET), magnetic resonance imaging (MRI), and single-photon emission
computed tomography (SPECT) imaging of Alzheimer's disease (AD). According to the
researchers, metal-containing radiopharmaceuticals are not only highly effective for
detecting early markers of Alzheimer's disease, but also synchrotron-independent and
long-lived. Thus, their use could improve access to diagnostic imaging of AD among
the risk groups. The review was published in the International Journal of Molecular
Sciences.
To read more please visit:
https://medicalxpress.com/news/2021-02-alzheimer-disease-diagnosticsaccessible.html
Source: National University of Science and Technology MISIS

To Contents
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03. Sketches from the Secretariat
The WCI Secretariat and the Nuclear Training and Education
Center of the KAERI organized the local advisory meeting on
February 24, 2021, at the WCI meeting room, in Seoul, Korea, to
deal with the radiopharmaceutical training courses to be held in
2021.

The COVID-19 pandemic is expected to last for major part of 2021. Therefore, the
WCI Secretariat and the Nuclear Training and Education Center of the KAERI invited
local experts and discussed the course proceedings for the radiopharmaceutical
training courses to be held in 2021, taking into consideration the all possible
contingencies of the COVID-19 pandemic. The discussions are as follows:
Firstly, under the umbrella of the KOICA-KAERI-WCI-IAEA Joint Program on
Establishment of a Long-Term Management Plan by Strengthening Capacity for
Diagnostic and Therapeutic Radioisotopes and Radiopharmaceutical Application, the eWorkshop will be held to prepare for the project/program concept papers of the
participating countries from June 28 to July 1, 2021. The project/program concept
paper will discuss the project rationale (country development strategies and policies,
justification, etc.), and the project objective/outcome/output/activities/budget,
stakeholder analysis, project management and implementation, etc. On this matter,
two international experts will be invited to provide their expertise to the participants.
In addition, the Technical Visits will occur from October 11 to 15, 2021 to provide the
opportunity to visit the industries and R&D centers in Korea. Furthermore, this
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meeting discussed the online communication tool and the procedures for the eWorkshop. This program will be finalized in close cooperation with the KOICA (funding
agency) and the IAEA in April, 2021.
Secondly, the advisory meeting discussed the agenda on the KAERI-WCI-IAEA eLearning
Course
on
Diagnostic
and
Therapeutic
Radioisotopes
and
Radiopharmaceuticals Application. This e-learning course has been agreed to be held
on August 2 to 20, 2021. The communication tool will be the ANENT that stands for
the Asian Nuclear Education Network. This Network was prepared to provide the
trainees with the opportunity to improve the online education provided by the KAERI
in cooperation with the IAEA. The agenda of this e-learning course will include a kickoff meeting, lectures (video clips), Q&A, assignments, evaluation, and a closing
meeting . In this regard, two international tutors will be invited to provide their
expertise. The number of the participants will be 30.
Thirdly, the meeting dealt with the KAERI-WCI-IAEA Scientific Visit Program on
Diagnostic and Therapeutic Radioisotopes and Radiopharmaceuticals Application. This
Program will be formulated to motivate the participants who joined the KAERI-WCIIAEA e-Learning Course before. 2 or 3 scientists from the participants will be invited
to have an opportunity to experience working at the R&D centers in Korea from
November 15 to 19, 2021. The prospectus of this program will be finalized in close
cooperation with the IAEA soon.

To Contents

WORLD COUNCIL ON ISOTOPES

22

04. News from the WCI Member

Meera Venkatesh, the WCI Publication Committee Chair, has been invited
to the IAEA International Women’s Day event on 8 March 2021 as a
panelist.

Dr. Meera Venkatesh(second from left) who was the first women Director of the IAEA
Division of Physical and Chemical Science and is currently involved in the WCI as the
WCI Publication Committee Chair, has been invited to the IAEA International Women’s
Day event, as a panelist, scheduled on 8 March 2021. This online panel will take place
at 15:00 Vienna time to celebrate the first women to lead key scientific areas of the
IAEA’s work.
Dr. Meera will share her experience in science and discuss organizational policies and
practices that have facilitated her professional success and offer career advice for
future generations of leaders. For more details on the event, please visit IAEA event
page.

To Contents
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05. Future Conferences and Events
High Country Nuclear Medicine Conference
• Date: March 6 – 7, 2021
• Venue: Virtual
• Website: https://www.hcnmc.org/
High Country continues to attract and blend experts from academia and industry, with
leaders in medical specialties, the regulatory agencies and health care researchers in
an informal setting to facilitate dialog and an exchange of ideas. The 2021 virtual
meeting, with an anticipated attendance of 100 participants, promises to open
avenues and opportunities of collaboration on a variety of issues important to the
nuclear medicine and molecular imaging community.
Over the course of two days, the High Country Nuclear Medicine Conference will offer
13.5 hours of content. Day one will be dedicated to Continuing Education. Day two
will focus on the traditional format of presentation, collaboration, and discussion
between speakers and participants.

17th International Conference on Cancer Science and Radiation
Oncology
• Date: March 15 – 16, 2021
• Venue: Zurich, Switzerland
• Website: https://radiationoncology.alliedacademies.com/
The 17th International Conference on Cancer Science and Radiation Oncology is aimed
at creating a platform to express and exchange the thoughts and ideas on recent
advancements in cancer treatment. The main focus of the conference will be on
developing or innovating new techniques and methodologies for the next generation
of cancer treatment.
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Astrophysics with Radioactive Isotopes (AwRI) 2021
• Date: May 31 – June 3, 2021
• Venue: Budapest, Hungary
• Website: https://indico.cern.ch/event/820113/
Radioactive nuclei play a significant role in many current astrophysical pursuits, from
the origins of the elements to the driving of emissions from supernovae (56Ni) and
kilonovae (r-process radioactivity). Radioactive nuclei are crucial for direct studies of
galactic enrichment (7Be,

26Al, 44Ti, 60Fe, 99Tc, 244Pu)

and stellar explosions (56Ni,

44Ti).

Stars and their explosions, galaxies and their evolving interstellar medium, and the
origins of the solar system are among the targeted astrophysical objects. Stardust,
meteorites, ocean floor deposits, cosmic-rays, and gamma-ray spectroscopy provide a
rich variety of astronomy to exploit the inherent power of radioactivity. Investigation
tools range from numerical models, astronomical instrumentation, and laboratory
experiments to derive material compositions and nuclear reaction rates. The aim of
the conference is to bring together researchers from all of these different fields to
promote interaction through the common ground of radioactivity.

2021 SNMMI Annual Meeting
• Date: June 11 – 15, 2021
• Venue: Virtual
• Website: https://am.snmmi.org/iMIS/SNMMI-AM
The SNMMI 2021 Annual Meeting is recognized as the premier educational, scientific,
research, and networking event in nuclear medicine and molecular imaging. The fourday event, taking place each June, provides physicians, technologists, pharmacists,
laboratory professionals, and scientists with an in-depth view of the latest research
and development in the field as well as providing insights into practical applications
for the clinic.
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IRRMA 2021
• Date: July 4 – 9, 2021
• Venue: Moscow, Russia
• Website: http://www.lnf.infn.it/conference/irrma2021/
The International Topical Meeting on Industrial Radiation

and

Radioisotope

Measurement Applications (IRRMA) is a triennial event organized for the purpose of
bringing together scientists and engineers from around the world who share an
interest in radiation and radioisotope measurement applications.

ARIS 2021
• Date: September 5 – 10, 2021
• Venue: Palais des Papes, Avignon, France
• Website: https://indico.in2p3.fr/event/19688/
ARIS 2021, the fourth international conference on Advances in Radioactive Isotope
Science (ARIS), will be held in France's beautiful city of Avignon from 5-10 September
2021. ARIS is the flagship conference for rare isotope science, born from the merger
of the international conferences ‘Exotic Nuclei and Atomic Masses’ and ‘Radioactive
Nuclear Beams’.

34th Annual Congress of the European Association of Nuclear
Medicine
• Date: October 23 – 27, 2021
• Venue: Hamburg, Germany
• Website: https://www.isotopes.gov/node/431
With more than 150 sessions, the EANM Annual Congress is the most valuable nuclear
medicine gathering worldwide. Each year, more than 6,200 participants have the
possibility to network, socialize and discuss the newest trends and findings in the field
of nuclear medicine. The EANM is proud of receiving approximately 2,200 abstracts
annually from all over Europe and around the world. 160 exhibiting companies,
covering an area of 3,500 sqm present their newest technologies.
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Advanced PET Imaging, Nuclear Medicine, and Therapy: From
Diagnostics to Theranostics
• Date: November 4 - 6, 2021
• Venue: Las Vegas, USA
• Website: https://www.petctcme.com/las-vegas-november-2021/
This course provides a clinical perspective of PET/CT imaging and the emerging use of
Theranostic agents within Nuclear Medicine. A broad perspective on the economic,
clinical, and academic aspects of the latest trends in PET/CT imaging and nuclear
medicine therapy will be presented.
At the conclusion of this course, participants will be able to:
 Describe new developments in the merger of diagnostic and therapeutic radio ligands for
PET/CT imaging and therapy with specific focus on DOTA, PSMA, and PRRT.
 Describe the logistics of bringing these new diagnostic and therapeutic
technologies into clinical practice.
 Identify

the

key

clinical

indications

for

new

emerging

tracers

for

the

neuroendocrine tumor and prostate cancer using a somatostatin receptor and
PSMA PET/CT imaging.
 Review and discuss the standard-of-care clinical application and advanced
interpretation of FDG PET/CT.

NESTet (Nuclear Education and Training) 2021
• Date: November 14 - 18, 2021
• Venue: Brussels, Belgium
• Website: https://www.euronuclear.org/nestet2021/
NESTet is the most important European forum discussing opportunities and challenges
in nuclear

education, training, knowledge

management and

human resource

development related to nuclear energy and other nuclear applications. The 2021
edition will bring together nuclear stakeholders, including policy and decision makers,
educators, training providers, employers and human resource managers. Our young
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generation – incoming nuclear professionals from all over Europe – will be there to
challenge the established views and enrich the discussion!

12th IsoEcol
• Date: June 6 – 10, 2022(tentative)
• Venue: Gaming, Austria
• Website: https://sites.google.com/view/isoecol2020/
The 12th International Conference on the Applications of Stable Isotope Techniques to
Ecological Studies (IsoEcol) will be held in the beautiful town of Gaming, Austria,
organized

by

the

Inter-University

Center

for

Aquatic

Ecosystem

Research

WasserClusterLunz in cooperation with the International Atomic Energy Agency (IAEA)
from June 20-26, 2021. The conference venue is at the historic Kartause (Charter
house) in Gaming (pronounced Gah-ming), approximately 2 hours from Vienna by car
or public transportation.

11th International Conference on Isotopes (11ICI)

• Date: June 19 – 23, 2022
• Venue: Saskatoon, Saskatchewan, Canada
• Website: https://www.11ici.org/
11ICI hosted by Sylvia Fedoruk Canadian Centre for Nuclear Innovation (the Fedoruk
Centre) in partnership with the University of Saskatchewan and Tourism Saskatoon,
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will build on past conferences by continuing a multifaceted interdisciplinary exchange
between the developers and producers of isotopes and apply isotopes in medicine,
industry, agriculture, national security and other fields. Selected papers will be
published on a special issue of the Journal of Radioanalytical and Nuclear Chemistry
(JRNC).
ICI conferences have been held since 1995, recently every two years. They are
organized by the World Council on Isotopes (WCI) and a participating organization to
highlight the importance of nuclear science, medicine, and technology in advancing
human health and protection of the environment.

Second International Conference on Applications of Radiation
Science and Technology (ICARST-2021)
• Date: August 22 - 26, 2022
• Venue: Vienna, Austria
• Website: https://www.iaea.org/events/icarst-2021
The Second International Conference on Applications of Radiation Science and
Technology, which was planned to be held at the IAEA headquarters in Vienna,
Austria, from 19 to 23 April 2021 has been postponed due to the COVID pandemic. It
is now going to be held from 22 – 26 August 2022.
ICARST-2021 will cover a variety of topics related to the applications of radiation
technologies in fields as diverse as industry, medicine, materials science, engineering,
biology, physics and chemistry. The conference will serve as a platform for fostering
new initiatives among industry and academia, establishing new and strengthening
existing collaborations and identifying best practices as well as raising awareness
among decision makers on how radiation technologies can be applied to meet global
challenges.

To Contents
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My Biz on Isotopes
Call for Articles
As the WCI monthly newsletter is the most important communication channel for the
dissemination of information to members and other interested parties, we would like
to add a new section ―‘My Biz on Isotopes’ to our newsletter. This new section will be
dealing with business opportunities in the field of isotope related technologies.

1. Purpose
The purpose of this section is to foster communication and to provide members with
opportunities to raise their organization’s profile.

2. Requirements
The article provider should be a member of the WCI. (To join us, please visit
www.wci-ici.org and sign up online. There is no membership fee.) The writer should
be a professional working in the field of isotope production or in the application of
isotopes or radiation.

3. Contents
Your article may include topics that demonstrate
interdisciplinary technologies of your organization.

the

cross-cutting

and

Topics and areas of contents may include but are not limited to:


A short introduction of your organization (status, field of business, location)



The advantages/strengths of your technology



The future plans of your organization



Other topics of relevance, e.g. interest in collaboration or joint research, joint
investment, or technology transfers.
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4. Format


All articles should be written in English.



The length of article should be within 4 pages (A4, Verdana with 10 font size and
1.5 line.



Images may be included.

All submissions meeting the above requirements should be submitted to secretary@wciici.org

5. Deadline
Articles that are received by the WCI Secretariat via email by the 25th of the month
will be considered for the next month’s newsletter.

6. Others
The WCI Publication Committee Chair will review articles for possible inclusion in our
newsletter. Articles might be edited according to our own format. The WCI Secretariat
will not make any payment for submitted articles.
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