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PREFACGE

The Cooperative Agreement for Arab States in Asia for Research, Development and Training related to Nuclear Science and Technology
(ARASIA) entered into force on 29 July 2002. ARASIA, in cooperation with the IAEA, promotes and coordinates activities for training, research,
development and applications of nuclear science and technology (NST).

The establishment of ARASIA Cooperative Agreement would not have been possible without the extensive efforts and vision of Prof. Ibrahim
Othman, Director General of the Atomic Energy Commission of Syria, and H.E. Ms. Nabeela Al Mulla, Ambassador of Kuwait and Chair of the
IAEA Board of Governors in 2002-2003, who have guided and facilitated the Agreement’s founding in 2002.

Recognition goes as well to the National Representatives of all ARASIA State Parties for their commitment and collaboration which continue to
strengthen the ARASIA agreement and bring progress to the region.

The following are State Parties to ARASIA: the Republic of Iraq, the Hashemite Kingdom of Jordan, the State of Kuwait, the Republic of
Lebanon, the Kingdom of Saudi Arabia, the Syrian Arab Republic, the United Arab Emirates, the Republic of Yemen, the Sultanate of Oman, and
the State of Qatar.

The technical cooperation programme is the IAEA’s primary mechanism for transferring nuclear technology to Member States, helping them to
address key development priorities in areas such as health and nutrition, food and agriculture, water and the environment, industrial applications,
and nuclear knowledge development and management. The programme also helps Member States to identify and meet future energy needs,
and assists in improving radiation safety and nuclear security worldwide, including through the provision of legislative assistance.

The national TC Programmes of ARASIA State Parties complement the achievements of the regional TC Programme of ARASIA to help advance
the SDGs as per the mandate of the IAEA. This commemorative publication has been issued on the occasion of the 20th anniversary of ARASIA
to highlight the cooperation between the IAEA and the ARASIA State Parties, working together to promote sustainable development in line with
achieving the United Nations (UN) Sustainable Development Goals (SDGs).

This document presents the main achievements within the framework of the IAEA technical assistance provided to ARASIA State Parties through
the IAEA Technical Cooperation Programme (TCP) during the period 2002 to 2022.




BILAL NSOULI
ARASIA Chair

MESSAGE
FROM ARASIA CHAIR

ARASIA is a unique cooperation platform between Arab States in Asia which promotes
the use of nuclear technologies for understanding, addressing and resolving common
challenges of the region in strategic areas, in line with the UN sustainable development
goals. Close collaboration with the IAEA along with its assistance and expertise, through
Technical Cooperation Programme, facilitates this endeavour, and is a pre-requisite

for ARASIA State Parties to advance in areas such as human health, environmental
protection, food and agriculture, water management, as well as cultural heritage,
characterization and preservation, in all of which the application of nuclear technology
offers a comparative advantage.

The diversity and complementarity of skills and expertise within the region make ARASIA
an engine for the promotion of technical cooperation among developing countries as well
as for triangular cooperation where the IAEA is involved. Regional Resource Centers
have been recently designated by the ARASIA Board of representatives to assist in the
implementation of the ARASIA program by hosting on-the-job trainings, scientific visitors
and offering expertise in several thematic areas.

The first ten years of ARASIA have demonstrated that the Arab group can efficiently plan
and implement, in a coordinated manner, a common technical cooperation program with
regional dimensions. During the second decade, the ARASIA secretariat worked closely
with the Board of representatives to institutionalize this cooperative agreement and
strengthen its sustainability, by developing and adapting strategic documents that allow
smooth preparation and implementation of impactful programs. The ARASIA “Guidelines
and Operating Rules” and the ARASIA “Medium-Term Strategy” for example provides
strategic guidance for the operation of the Agreement, as well as the upstream planning
of ARASIA projects that meet the State Parties’ evolving needs.

Now ARASIA moves forward with efficient and sustainable tools which will facilitate
achieving impactful results for its TC Programme. The establishment of the ARASIA
Fund and launch of the new ARASIA website along with this publication are but small
products of consistent hard work. | thank the IAEA Department of Technical Cooperation
and ARASIA State Parties for their commitment and engagement to push the cooperative
agreement forward into its new era. We look ahead to an even brighter decade of
collaboration with the IAEA, our partner towards progress.
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RAFAEL MARIANO GROSSI
IAEA Director General

MESSAGE
FROM THE |IAEA DIRECTOR GENERAL

It is a pleasure to introduce this publication marking ARASIA’s 20th anniversary. Over
the past two decades, more than 55 regional IAEA Technical Cooperation projects with
ARASIA have helped improve lives and livelihoods in the region. Milestones such as
the development and implementation of operational structures and effective strategic
plans, and achievements such as improved cancer care and agricultural practices,

are testament to the commitment of the ARASIA State Parties, to address their shared
development challenges in collaboration with the IAEA.

The transition to holistic 4-year technical cooperation projects that integrate interrelated
topics, such as mutation breeding, soil fertility and food safety; and the designation

of Regional Resource Centres, have increased the impact and sustainability of the
cooperative agreement.

The strong collaboration between the IAEA and ARASIA has been remarkably effective
in building technical expertise and advancing the peaceful use of nuclear science

and technology in the region. Cancer care has been enhanced with training courses,
fellowships and expert assignments equipping professionals with new skills in radiation
oncology, nuclear medicine, diagnostic imaging, and radiopharmaceutical production.
Over the past two decades, nearly 3,000 people have been trained to use nuclear
science and technology to do everything from monitoring air and water pollution to dating
archaeological artifacts.

Measurable impact includes, for example, the application of climate-smart agriculture
practices having increased wheat yields in some countries by more than 30%.

This is a good moment to congratulate ARASIA on its achievements, and to look to the
future. Many of the challenges we have worked on together over the past years, such

as food security and climate change adaptation, are likely to continue to demand our
collaborative attention over the coming years, and others will join them. As Director
General of the IAEA, | am committed to taking a forward-looking approach to assisting
our Member States in broadening their capacity to use nuclear science and technology to
address them.

It is why | have launched initiatives, such as NUTEC Plastics, to address challenges
of plastic pollution by using nuclear techniques; ZODIAC, to rapidly detect and timely
respond to outbreaks of zoonotic diseases before they become pandemics; and Rays
of Hope, to tackle the global inequity in access to life-saving cancer diagnosis and
treatment. | look forward to our continued collaboration in promoting “Atoms for Peace
and Development” in this vibrant and versatile region.




ARASIA Timeline

® 2012-2022

Bilal Nsouli, Lebanese Atomic Energy Commission
(Chairman of ARASIA 2012-2022)

“ARASIA has all the key ingredients allowing it as a regional agreement to
contribute efficiently to the socio-economic development of the region with
the safe use of nuclear technology.”

Mr. Fathi Al Khangi

ARASIA focal person

2002-2007
New chairmanship and
secretariat (Lebanon)

Adoption of ARASIA
Medium Term
Strategy (2015-2022)

ESTABLISHMENT OF Adoption of ARASIA
ARASIA COOPERATIVE Guidelines and
AGREEMENT Operating Rules

Three state parties joined
(Lebanon, Syria, Yemen)

Mr. Mahfoudh Serhan Abdullah
ARASIA focal person

® 2002-2012 2007-2014

Ibrahim Othman, Atomic Energy Commission of Syria

(Chairman of ARASIA 2002-2012)

“The cooperation between Arab countries in West Asia in the scientific research and the peaceful
applications of nuclear science and technology contributes in supporting valuable economic and
social development in these countries in light of their similarities and common challenges.”

e 2002-2022

Ten State Parties joined ARASIA
(Iraq, Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia,
Syria, United Arab Emirates, Yemen)




Ms. Petra Salame
ARASIA focal person
2014-2019

ADOPTION OF
ARASIA OPEN-ENDED
AGREEMENT

Establishment of
ARASIA Programme
Committee

Designation of two
ARASIA Regional
Resource Centers in
Nuclear Medicine

Designation of three
ARASIA SSDLs as
Regional Resource
Centers

Mr. Abdulghani Shakhashiro
ARASIA focal person
2019-2021

Election of Lebanon
for chairmanship of
ARASIA (2022-2026)

Establishment of
ARASIA fund

Ms. Linda Eid
ARASIA focal person
2021-Present
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IMPROVING CROP PRODUCTIVITY WITH MUTATION

INDUCTION, SUPPORTIVE BREEDING, AND

BIOTECHNOLOGIES

| BACKGROUND

heat, barley, lentils, and chickpeas
Ware among the most important food

crops in the ARASIA State Parties,
contributing to food security and sufficiency.
However, despite the advances in increasing
their yields, several biotic (disease and pest)
and abiotic (drought) factors continue to limit
their productivity. New varieties must be bred
with higher and more stable yield potentials,
superior quality, and multiple resistances
to disease and insects. The use of induced
mutation for creating useful new germplasm
and developing new cultivars is a profitable
approach for improving productivity.

14

| ACTIONS TAKEN

The ARASIA State Parties recognized the
prime importance of developing improved
varieties of food crops through the application
of mutation techniques for higher crop yields.
The following actions were therefore taken
under the IAEA TCP:

» Developing human resource capacity in
various areas on the utilization of mutation
induction technology in plant breeding and
genetics, with a focus on mutation induction.
Note that mutation induction is not genetic
modification nor genetic engineering! Plant
breeding does not produce anything that’s not

produced by nature itself. There is no

residual radiation left in a plant after mutation
induction. The IAEA provides through the TC
Programme the tool and the expertise for plant
breeders to take the next step; selecting and
cross breeding plants to achieve their desired
result.

» Reaching out to end users to raise
awareness among participating institutions
on the application of technology packages,
integrating mutation induction and enhancing
molecular and biotechnologies for breeding
programme enhancement.

» Signing of a Memorandum of Understanding
(MoU) among the participating State Parties
to facilitate the transfer of new crop varieties
created through mutation breeding.

https://www.iaea.org/sites/default/files/publications/magazines/bulletin/
bull53-3/53305711010.pdf
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ACHIEVEMENTS

The project contributed to strengthening the capacity of ARASIA State Parties:

New germplasm was developed for advanced new varieties, like durum wheat, bread wheat, and
barley, which in turn greatly contributes to SDG2: Zero Hunger.

Enhanced application of mutation induction in national breeding programmes in Iraq, Jordan,
Lebanon, Oman, Saudi Arabia, Syria, and Yemen.

Coordinated collaboration and cooperation was strengthened among the Ministries of Agriculture,
Science and Technology, Higher Education, and others in Iraq.

A new variety of barleys (M4) were planted in Maru Station in the northern part of Jordan, and
eighteen advanced lines were selected for useful traits. These lines were tested in three locations as
yield trials.

In Lebanon, a protocol was formulated to deal with three different varieties of barley and other
generations to obtain.

Two long term mutation breeding programmes for improving bread wheat and barley were established
at the national level in Oman, with the support of the regional project. These two programmes aimed
to improve and develop new varieties with higher yields, better quality, early maturity, and disease
resistance under local environmental conditions.

In 2008, Saudi Arabia started a mutation breeding programme through the Atomic Energy Research
Institute (AERI) at King Abdul Aziz City for Science and Technology (KACST) under an IAEA regional
research project. A mutation breeding programme was established to improve crop quality, and
support biodiversity to achieve food security and address biotic and abiotic stresses.

In Syria, 200 advanced mutant barley lines were selected that are resistant to lodging, tolerant to
drought and at the proper height. To forward these lines, two research stations were chosen, namely
Karahta/near Damascus and Hama/Al-Ghab. Variety lines were grown from wheat cultivars to improve
grain yield and quality.

In Yemen, advanced variety lines of wheat were selected showing desirable agronomic characteristics,
such as higher yields, early maturity, and resistance to disease. Two of them were officially released
for a wide cultivation in the country and a higher yield (6t/ha) than the farmer variety (4t/ha). In
addition, eight advanced barley variety lines with varying desirable characteristics were tested in
different locations in farmers> fields. Two advanced mutant lines were adopted by farmers in all
locations for yield increase and maturity, compared to the former dominant variety grown in the region.

Currently, those two mutants are grown in wide areas and contribute to an increase in 30% of

yield production in the rainfed sector.

15



rought, disease, heat, and salinity are

major constraints affecting sustainable

agricultural productivity in ARASIA State
Parties. Under IAEA TCPs, mutation induction
techniques have proved to be a valuable tool
in developing drought, salinity, and disease
tolerant mutant lines of wheat and barley.
They are key crops in ARASIA State Parties
and considered some of the most important
sources of food and income generation for a
wide range of farmers. With most cultivations
depending on rainfall, the concerned areas
have been affected by adverse effects of
climate change and variability, leading to

LEBANON

2 durum wheat, 2 barley,
and 2 bread wheat

JORDAN

5 barley varieties,
19 advanced barley
varieties, and 24
durum wheat
varieties

significant losses in crop production. New
crop varieties have a wide spectrum of
characteristics including early maturing,
resistance to salt, lodging, and diseases with
high yielding potential than existing local
varieties.

» To address these agricultural constraints,
ARASIA State Parties started a mutation
breeding programme under a TC project with
the assistance of the IAEA.

» Segregating variety lines with the targeted
agronomic characteristics were developed,

SYRIA

such as drought and disease tolerance, and
salinity resistance.

» The TC project was implemented to build on
the breeding techniques for wheat and barley
mutant varieties, and to improve the number
of new sorts developed and piloted in the
ARASIA region.

» Research activities were implemented in
the research farmers’ and farmers’ fields over
all participating countries, i.e., Iraq, Jordan,
Kuwait, Lebanon, Oman, Saudi Arabia, Syrian
Arab Republic, and Yemen.

38 new varieties were improved, and
10 durum wheat, 10 barley wheat and
18 new barley varieties were developed

and piloted

IRAQ
7 varieties lines (4 durum,
2 bread wheat, 1 barley)

’ , / 3 barley varieties

6 wheat varieties were

developed in addition to a

OMAN

Hundreds of varieties of
wheat and barley of stage
M2 and up

collection of 19 local
landraces, and 3 barley
and 16 wheat varieties

S ————  YEMEN

2 barley varieties and 20 varieties were
induced from local Samra and Alas
varieties

16
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ACHIEVEMENTS

The TC project contributed to sustainable food production in ARASIA State Parties through enhanced wheat and barley productivity,
using induced mutation and biotechnology.

Regional capabilities were improved through strengthening competence in mutation breeding for the development and field evaluation
of improved wheat and barley, which greatly contributed to higher agricultural productivity under climate change and variability.

Pilot plantation of 7 barley mutant lines planted in farmers’ fields which resulted in a 30% increase in crop production.

Three mutants of wheat were successfully adopted in farmers’ fields in Yemen. The development and operation of a regional network
for mutation breeding was also achieved through the phases of this project.

Most notably, the regional network has been strengthened through collaborative activities of exchanging germplasm of twenty barley
and wheat mutants between the counterpart institutes, using the Standard Material Transfer Agreement of the International Treaty on
‘ Plant Genetic Resources for Food and Agriculture in ARASIA State Parties.

Twelve advanced barley and wheat mutant lines were exchanged amongst ARASIA State Parties.
Mutant line screening with on—site participatory trials in the ARASIA region

The regional network has been strengthened through collaborative activities of exchanging the germplasm of twenty barley and wheat
mutants between the counterpart institutes.

New sorts of barley were planted and harvested in Saudi Arabia, Jordan, Oman, Syria, Kuwait, and Lebanon. Selected mutant lines
significantly outyielded the local checks in both Syria and Jordan.

Syria Barley (M5) and M50 were selected in Jordan, while the Jordanian line 4602, the Lebanese line Assi, and the Jordanian line
4601 were selected in Syria. This practice encouraged the breeders of participating countries to expand the collaboration in this field to
enhance food security.

The participating State Parties established a regional database on wheat and barley varieties, and Yemen and Jordan conducted field
evaluations of the material on a larger scale.

IAEA TCP training courses, fellowships, scientific visits, and field days have benefited more than 1000 researchers, technicians, and
farmers who were able to develop local capacity in using nuclear techniques for plants mutation induction, detection and breeding.
The training activities delivered significant knowledge and experience in various areas relevant to the utilization of mutation induction
technology in plant breeding and genetics.

A total of 45 researchers are now able to acquire more knowledge and expertise in the field of nuclear mutation induction, with
8 mutation plant breeding programmes already being well established.

One of the major achievements were the development and release of new wheat and barley varieties with high yield potential and an
increase in productivity by 35% compared with conventional varieties.

trained through human capacity

21 professionals from ARASIA were
building activities with the IAEA.
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IMPROVING THE REPRODUCTIVE AND PRODUCTIVE

PERFORMANCE OF LOCAL SMALL RUMINANTS BY IMPLEMENTING
RELIABLE ARTIFICIAL INSEMINATION PROGRAMMES

large portion of the population in
AARASIA State Parties relies on

livestock, especially sheep and goats,
for their livelihood. There is an urgent and
increasing need to improve animal production,
reproduction and health, which will eventually
contribute to the enhancement of food security
through the implementation of sustainable
livestock production systems.

Most local animals in the ARASIA region
have a poor reproductive and productive

e e

performance with low fertility, low fecundity
and milk production, a poor growth rate, and a
poor twinning rate.

Artificial Insemination (Al) is an effective
programme to improve reproductive
performance in sheep to spread strong
genotypes.

» Functional Al sites were established,
applying standardized approaches for

insemination, conception rates, and
prolificacy.

» Improved Al programmes were designed
to enhance its reliability to produce small

ruminants.

» Training and capacity building activities
were provided through the IAEA to ARASIA

State Parties.

18
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ACHIEVEMENTS

Through the implementation of this
TCP, the ARASIA State Parties Iraq,
Jordan, Oman, Syria, and Yemen
have benefited from human resource
development activities in animal
production, with 117 participants and
attending these activities.

ARASIA counterparts and
professionals received in-depth,
hands-on training in ltaly, Austria,
Jordan, and Tunisia on using
standardized approaches for improving
regional animal productivity of small
ruminants from animal production
departments.

Specialized laboratories were
established in most participating
countries for processing and
evaluating semen from selected rams
and bucks.

Al systems and programmes were
initiated in the majority of participating
ARASIA countries.

Large numbers of ewes have been
artificially inseminated during the
four-year project in Jordan, while
moderate numbers of sheep and
goats were inseminated in other
participating countries.

Several males, especially those of
the Awassi sheep breed, have been
selected based on their phenotype
and semen characteristics, and are
being used as semen donors for
improving the genetic quality and
superior productive performance in
government and small holder farms.

Technical staff were trained through
regional training courses on
semen collection and processing,

Al, hormone analysis, animal
identification, monitoring of animal
performance, farm data analysis, and
molecular genetic techniques.

Research and development facilities
in Jordan, Iraq, and Syria were
developed and research work was
established in association with
academic centres.

Through the implementation of
several national training courses,
technical skills and knowledge
of State Parties’ scientists were
improved.

Infrastructure and equipment were
upgraded to be used for inseminating
females during the implementation

of the field work, and were also
available for further development of
Al services.

Training Activities In Animal Production

117

PARTICIPANTS

4 ltaly

COUNTRIES
WHERE
TRAININGS
WERE HELD

Austria

e°o

PARTICIPATING
COUNTRIES

Jordan

Tunisia

7

TRAINING
AREAS

ANIMAL IDENTIFICATION

MONITORING OF ANIMAL PERFORMANCE

FARM DATA ANALYSIS

SEMEN COLLECTION AND PROCESSING
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STRENGTHENING NUCLEAR MEDICINE APPLICATIONS
THROUGH EDUCATION AND TRAINING TO HELP
FIGHTING NON-COMMUNICABLE DISEASES

| BACKGROUND

o ensure cost effective and successful
I therapeutic treatments, patients affected
by non—communicable diseases
(NCDs), including cancer, cardiac, renal, and
thyroid patients, need to be diagnosed early.
Nuclear medicine can play an important role
in many diseases. In the case of cancer and
cardiovascular diseases, new techniques,
such as positron emission tomography
(PET) and single photon emission computed
tomography (SPECT) are vital for adequate
diagnostic procedures.

ARASIA State Parties have recently embarked
on the introduction of hybrid nuclear modalities
(SPECT/CT and PET/CT). However, most of
these states have insufficient nuclear medicine
professionals with solid and updated training.
Consequently, nuclear medicine services in
ARASIA State Parties requested IAEA support
in human capacity development in order to
meet and cope with the demand for such
emerging services.

A healthy population is vital for the sustainable
development of the ARASIA region. According
to the World Health Organization (WHO), Arab
countries account for 11% of cancer cases
globally, and the cancer incidence is expected
to increase 3 times by 2030.

Demand for expertise in nuclear medicine and
related sciences is increasing steadily, as
nuclear medicine applications expand

and technology advances. Competent,

well trained, and properly qualified human

resources are vital to sustaining safe and
efficient nuclear medicine.

Within this context, the IAEA supports ARASIA
nuclear medicine facilities to enhance the
knowledge and practical skills of nuclear
medicine professionals in the use of emerging
nuclear medicine modalities, and establish
nuclear medicine curricula and guidelines for
post—graduate residency training programmes
of nuclear medicine physicians in the region
with the long term objective to improve the life
of cancer patients."

| ACTIONS TAKEN

» More than 116 training courses, as well as
234 fellowships and 72 expert assignments
have been organized through ARASIA,
equipping professionals across a multitude of
critical sectors with new skills and capacities
in radiation oncology, nuclear medicine,
diagnostic imaging, and radiopharmaceutical
production.

» A nuclear medicine curriculum was
developed to support hospitals,

educational institutions, mentors, physicians,
and regulatory bodies with a measurable
educational plan and structure for delivering a
quality nuclear medicine education. The
curriculum identifies the learning outcomes,
standards, and core competencies that
nuclear medicine physicians must
demonstrate before advancing to practice.

11 RAS6078: Strengthening Nuclear Medicine Applications through
Education and Training to Help Fighting Non—-Communicable Diseases

Strengthening Nuclear Medicine through Education
and Training with the support of IAEA

234 fellowships )
72 expert assignments

Safe and

Qualified Efficient
Human ) ( Nuclear
Resources Medicine

Practices
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» The curriculum provided a structured and
continuous professional training programme
through Practical Arrangement (PA)

agreements with prominent regional training

centres that have adequate infrastructure and

the capabilities to run training activities
according to predefined criteria and syllabi.

» Completion and dissemination of the
nuclear medicine curriculum and

guidelines for the post—graduate residency

training programme for physicians in the
ARASIA State Parties is required to qualify

nuclear medicine physicians for national and
international board certification.

» Specialized training was provided for 125
nuclear medicine professionals (physicians,
technologists, radiotherapists, medical
physicists) in applying and reporting advanced
clinical applications of PET/CT and SPECT/
CT and their diagnostic applications in nuclear
molecular imaging (including emerging
radiopharmaceuticals).

» More than 50 nuclear medicine
professionals were trained on radiation
safety, quality assurance and quality control
(QA/QC) in SPECT/CT, PET/CT, and cyclotron
radiopharmaceuticals, according to the IAEA
QUANUM processes.

» The Arab Society of Nuclear Medicine
(ASNM) was launched in 2014 within the
framework of TC project RAS6078. Its goal is
to further strengthen nuclear medicine
applications through education and training to
help fighting NCDs, including cancer.

ACHIEVEMENTS

Modern applications of rubidium-82,
nitrogen—13 ammonia, and fluor—18
deoxyglucose were introduced for cardiac
PET and PET/CT imaging in the ARASIA
region.

An MSc programme in medical physics
was established at the University of
Jordan. A total of 16 students were fully
supported by the IAEA, with 11 having
already received their MSc degree.?

A training document is developed for
structured, competency based and
supervised clinical training in radiation
oncology physics.'®

A regional pilot residency programme in
radiation oncology and medical physics
was established at the King Faisal
Specialized Hospital and Research Centre
(KFSH/RC) in Saudi Arabia.'

Competency of clinical medical physicists
was improved through education and
clinical training.

12 RAS6052: Upgrading Medical Physics Services in the
ARASIA Member States through Education and Training

Clinical applications of SPECT/CT and
PET/CT in nuclear oncology'® were
enhanced for the diagnosis of cancer and

Nuclear medicine physicians and
technologists were trained and their
practical skills enhanced in applying and
reporting advanced clinical applications
of PET/CT and SPECT/CT.

Radiation safety, QA in SPECT/CT, PET/
CT, cyclotron, and radiopharmaceuticals
production were enhanced according to
the QUANUM Audit process.

Nuclear medicine technologists,
radiographers, radiochemists/
pharmacists, and medical physicists were
trained on PET/CT technology practices.
Capacity and competence of ARASIA
nuclear medicine professionals was

13 RAS6054: Upgrading Medical Physics Services in ARASIA State Parties
Through Education and Training (Phase Il)

14 RAS6068: Supporting a Pilot Regional Clinical Training Programme in
Medical Physics for Radiation Oncology in Saudi Arabia

15 RAS6089: Strengthening Nuclear Medicine Applications in States Parties
through Education and Training to Fight Non—Communicable Diseases

diagnostics of inflammations/infections. @

enhanced in the management of
NCDs, including cancer.

Patient safety and quality of treatment
was strengthened in the region, and
the quality of life was improved for
cancer and NCD patients

£3R

More than 50 nuclear
medicine professionals
trained
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UPGRADING MEDICAL PHYSICS
SERVICES IN THE ARASIA STATE PARTIES
THROUGH EDUCATION AND TRAINING

| BACKGROUND

edical physics supports the healthcare
M sector and is limited by the insufficient

numbers of trained medical physicists
in the region, and by a lack of young medical
physics specialists. The introduction of linear
accelerators (LINACs), cobalt—60 machines,
and the establishment of new nuclear
medicine centres expanded the need for
medical physics specialists in the ARASIA
State Parties. The principal problem is the lack
of postgraduate courses in medical physics in
the region to fulfil the need for qualified and
trained medical physicists.

16 RAS6054: Upgrading Medical Physics Services in ARASIA
State Parties through Education and Training (Phase )

Trained professionals in numbers

11

Young medical
physicists were

trained and completed
MSc degrees in
medical physics

Medical physicists
were trained in

radiation oncology

-

The IAEA has supported ARASIA State
Parties during the last 20 years to qualify
medical physicists through the establishment
and operation of structured clinical training
programmes in medical physics at the national
and regional levels through the following
actions.

| ACTIONS TAKEN

» Eleven young medical physicists were
trained and completed MSc degrees in
medical physics from the University of
Jordan'6.

» Four professionals have completed full
two years of clinical training for medical

430

Professionals were
trained in QA for

radiotherapy treatment

20
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physicists, specializing in radiation
oncology.

» Twenty professionals received specialized
training on the implementation of IAEA
Technical Report Series and 430 in Quality
Assurance for radiotherapy treatment planning
systems.

» Twenty professionals were trained on
patient specific dosimetry in radioiodine
therapy for benign and malignant thyroid
diseases.

» Sixteen participants were trained on the
theoretical and practical aspects of the
application of 2D and 3D high dose rate
brachytherapy.

Professionals were

trained on application
of 2D / 3D high dose
rate brachytherapy

secii oitry
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ACHIEVEMENTS

A master’s degree in medical physics was established at the
University of Jordan and is running since 2007.

Capabilities were enhanced to strengthen medical physics
education and training in ARASIA State Parties by applying well
established and structured clinical training programmes in medical
physics at the national and regional levels.

Awareness on the importance of medical physics was increased.

The capacity of ARASIA State Parties to improve diagnosis and
cancer treatment was enhanced through improved competency of
clinical/medical staff.

The transition from 2D to 3D conformal radiotherapy (CRT) and
intensity modulated radiation therapy (IMRT) was supported,
as well as a CT simulator and introducing absolute and relative
dosimetry.

The effectiveness in radiation medicine modalities was improved
through strengthened medical physics capabilities.

A structured programme for supervised clinical training was
established at the national and regional levels, with an increased
number of trained medical physicists.

Knowledge and skills on the calibration of external radiotherapy
equipment were strengthened according to the international code
of practice on dosimetry in radiotherapy TRS-398, and IAEA
TECDOC 1455.

strengthened. Knowledge of safety aspects of medical procedures
in brachytherapy and external beam radiotherapy was enhanced.

? Patient safety and ensured quality of treatment in the region was
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ENHANCING CAPACITY IN STATE
PARTIES IN DOSIMETRY FOR

MEDICAL EXPOSURE

| BACKGROUND

rotection of patients and the public
Pfrom the accidental, environmental,

and medical radiation overexposure
is crucial, especially for people who work
in medical facilities and hospitals and are

consistently exposed to it.

Continuing assessment of the radiation
situation in the working environment, as

well as of the personal doses received by
occupationally exposed workers and patients

is necessary to ensure safe working conditions

and application of medical procedures.

Secondary Standards Dosimetry Laboratories
(SSDLs) provide calibration for ionizing
radiation measuring instruments. Dosimeters
are used to measure ionizing radiation doses
administered to patients, radiation dose levels
to check compliance with the dose limits for
workers to ensure the protection of staff, the
public and/or the environment. To ensure
accuracy in measurements, it is important
that dosimeters used are traceable to the
International System of Units.

The role of the SSDLs is crucial in providing
traceable and accurate calibrations. They
disseminate calibrations at specific radiation
qualities appropriate for the use of ionizing
radiation measuring instruments.

The IAEA’s TCP has played an important
role in the establishment of the SSDLs in the
ARASIA region through providing major basic
equipment (including irradiation facilities,
radiation safety installations and dosimetry
equipment) and training of staff.

24

Most ARASIA State Parties did not have
adequate capabilities in internal dosimetry

(in vivo and in vitro) and biological dosimetry,
to detect chromosomal aberrations. The
availability of technical staff with appropriate
training was rather limited. Consequently, local
services in ARASIA State Parties requested
IAEA support for human capacity development
to cope with the demand for such services.
The purpose of IAEA support under the
ARASIA TCP was to:

» Strengthen national capacities for internal
dosimetry in line with General Safety
Requirements (GSR) Part 3 by introducing
techniques and methodologies, such as
internal and biological dosimetry, to obtain a
more accurate assessment of occupational
exposure.

» Establish a documented quality system at

the ARASIA SSDLs to meet the requirements
of formal accreditation and enhance the
quality of radiation safety measures.

| ACTIONS TAKEN

» Professional trainings were provided on
the use of validated and novel techniques
in biological and internal dosimetry for the
estimation of radiation effects by accidental,
environmental, and medical exposures.

» Modern management methodologies for
medical radiation exposures were introduced,
using the measurement results of biological
and internal dosimetry.

» Radiation dosimetry methodologies

were upgraded to use combined results of
standard classical techniques and internal

20
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biological dosimetry, apply currently accepted
techniques to dose estimation, and compare
the different standard techniques for best
practices.

» The theoretical and practical skills of

50 professionals were enhanced on the
assessment of internal exposure due to the
intake of radionuclides, including sample
preparation, detection methods, facility
requirements, background control, calibration,
and the estimation of uncertainties.

» An MoU between the ARASIA Secretariat
and five institutions was signed, covering

the cooperation with two nuclear medicine
institutions, namely the American University
of the Beirut Medical Centre and the Kuwait
Cancer Care Center, and three SSDLs; SSDL
of Jordan Atomic Energy Commission,

the Radiation Protection Department at the
Kuwait Institute for Medical Specialization,
Ministry of Health, and the National Radiation
Metrology Laboratory of the Atomic Energy
Commission of Syria (AECS).

Knowledge and skills of ARASIA professionals

MoU signing ceremony of ARASIA regional
resource centre at the IAEA headquarters in
Vienna, Austria on 25 February 2022

ACHIEVEMENTS

were enhanced in the application of novel measurement techniques for internal dose
assessments and biological dosimetry of radiation.

Radiation dosimetry services for internal and biological dosimetry (in vivo and in vitro),
including chromosomal detection/measurement, were updated to meet and cope with
emerging radiation safety needs.

Management methodologies for medical radiation exposures were improved, using
measurement results of biological and internal dosimetry, which resulted in the enhanced
safety of radiological procedure applications.

Sustainable quality management systems were established in ARASIA SSDLs,
contributing to the enhancement of medical practices and radiation safety measures in
ARASIA State Parties.

Technical support was provided for the setup of a quality management system in ARASIA
SSDLs according to the requirements of the International Organization for Standardization
(1SO), ISO-17025, including external technical audits of calibration procedures.

The MoU will facilitate the provision of expert support, access to research data, the
organization of workshops and training courses, and the exchange of technical expertise
to support the needs of countries in the region to further strengthen radiotherapy and
nuclear medicine.
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EVALUATING AND MAPPING AIR POLLUTANTS
USING NUCLEAR ANALYTICAL TECHNIQUES
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| BACKGROUND

ir pollution is a worldwide problem
Awhich exacerbates climate change,

and airborne particulate matter (APM)
is one of the most challenging environmental
issues. Serious environmental degradation is
observed in several countries in the ARASIA
region, where increasing respiratory system
related diseases have been noticed and
attributed to environmental pollution.

Atmospheric aerosols or particulate matter
(PM) are considered one of the most
challenging environmental issues, since they
play a crucial role in atmospheric processes
and climate change, affecting the ecological
system and human health. For example,
several studies highlighted the fact that
exposure to fine particle aerosol is associated
with an increased risk of mortality and serious
illness, such as respiratory problems, asthma,
lung cancer and heart disease.

The Mediterranean basin is considered one
of the most controversial regions for aerosol
transportation due to its location at the
intersection of air masses circulating among
three continents. From the few conducted
studies, The Eastern Mediterranean region
shows higher levels of air particulate matter
than in other regions, even when compared
to the Western Mediterranean. Air quality

in different urban areas in the region has
deteriorated over the last decades due to high-
density of population, high traffic, structural
urbanism layout, long-range transport of

air pollutants and the lack of rules and
regulations.

Some of the air pollution sources will have
natural or anthropogenic origin such as dust

(1) Morning haze due to anthropogenic air pollution in Beirut City; (2) A sandstorm in September 2015
covering Beirut and most of the eastern Mediterraneen countries.

storms, emissions from industrial and power
plants, motor vehicles exhaust, biomass and
fossil fuel burning. The identification of local
or regional pollution sources is essential for
enforcing measures to improve air quality, as
well as to mitigate the harmful effects of air
pollution. This is why ARASIA State Parties
requested IAEA technical support to study air
pollution and improve air quality monitoring
programmes with the long-term objective to
promote quality of life. The IAEA supported
ARASIA in addressing this challenge through
three TC projects, using nuclear analytical
techniques, such as PIXE, PIGE, elastic
recoil detection (ERDA), RBS, and X ray
fluorescence (XRF).

| ACTIONS TAKEN

» The implemented TCP investigated the
properties of natural pollutants, such as sea
salts and dust storms, to understand the
reaction/interaction of natural pollutants with
anthropogenic emission that form secondary
pollutants with fine and ultrafine particulate
sizes and modified toxicity.

» Atmospheric aerosols and their contribution
to environmental pollution and negative
impacts on public health were studied.

Photos: LAEC

» Pollution source apportionment models were
efficiently applied, namely the Chemical Mass
Balance (CMB) Model and the Positive Matrix
Factorization (PMF) Model.

» The availability of the existing ion beam
accelerator (IBA) facilities in Lebanon,
Jordan, and Syria and other complementary
techniques, such as XRF and y—XRF, X

ray diffraction (XRD), scanning electron
microscopy/energy dispersive X ray
spectroscopy (SEM/EDS), Fourier—transform
infrared spectroscopy (FTIR), and y—RAMAN
spectroscopy were enhanced to perform
qualitative and quantitative analysis of
atmospheric aerosols.

» Regional collaboration between ARASIA
laboratories was launched to strengthen

the exchange of information and analytical
services.

» A common sampling strategy was
established in the region. Specific sites

in capital cities have been selected by all
ARASIA State parties since October 2014,
and sampling was implemented in line with a
common and harmonized analytical protocol.
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A The 1.7 tandem accelerator setup in Beirut,
having dual ion source and two beamlines, is
used to accelerate protons to 3.4 MeV and alpha-
particles up to 5.1 MeV and to perform PIXE,
PIGE and EBS analytical techniques.
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ACHIEVEMENTS

The following main achievements have been attained:

The status of pollution and its source fingerprints were determined as to advise decision
makers on air pollution management and policies.

The ARASIA State Parties have acquired the necessary expertise and equipment to
collect airborne PM samples.

A common sampling strategy with well identified sites was successfully established

in capital cities to perform synchronous sampling and analysis of aerosol samples,
following a common analytical protocol. The validation of the analytical setup was
supported by an IAEA proficiency test. The PIXE setup at the accelerator facility in Beirut
is providing most of the elemental composition of the collected PM, ; samples from
ARASIA countries (more than 1000 samples among 2500 samples collected to present).

Human capacity building in the region was enhanced through education and training
on the use of accelerator-based techniques for environmental applications. HR was
developed with skills and practical knowledge on atmospheric aerosol sampling and
analysis to evaluate and map air pollutants using nuclear techniques.

A monitoring network was created and is being maintained, which is based on
effectiveness and efficiency, and the quality of routine sampling to recognize air pollution
and identify possible contamination sources.

Local or regional pollution sources were identified in PM, 5 and PM,, to enable the
enforcement of measures to improve the air quality in the region.

A database was established containing large number of samples making possible
to undergo source apportionment to identify the sources of pollution, through their
elemental fingerprints, and to quantify their contribution.

A robust network was established capable of providing accurate data on air pollution in
the participating ARASIA countries.

27



GLEAN WATER
AND SANITATION
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USING ENVIRONMENTAL ISOTOPES AND NATURAL
RADIOACTIVITY IN THE ASSESSMENT AND
MANAGEMENT OF GROUND WATER RESOURCES
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| BACKGROUND

ost ARASIA State Parties have
suffered from severe water shortage
for several years, characterized

by small quantities of rainfall and large
evaporation rates from surface water bodies.

This challenge is expected to become more
serious in the future because of environmental
and climatic changes, which will create a long
dry drought, most probably for several years.
The dependence on the limited ground water
resources in the ARASIA region is still a major
challenge due to the lack of knowledge on the
water origin, the size of freshwater aquifers,
and their interaction with surface water. In
addition, there is still limited information

about the hydrological and hydrogeological
behaviors of underground aquifers and their
interaction with surface water resources.
IAEA technical support has enhanced the

regional capabilities of ARASIA State Parties
to develop QA programmes for groundwater
resources through the understanding of
groundwater dynamics, determination of the
origin of salinity and natural radioactivity,
origin and age of water, and seawater
intrusion in selected areas in the region with
the application of radioactive and stable
isotopic tools.

| ACTIONS TAKEN

The IAEA has supported ARASIA State
Parties in developing and enhancing
regional capabilities through the following
actions:

» Utilization of isotope techniques, including
stable and radioactive isotopes, such as
hydrogen—2, oxygen—18, hydrogen-3,
carbon—14, radium—226, radium—228, uranium
and thorium, along with chemical-physical and
hydrogeological characteristics.

» Assessment of groundwater quality from a
radioactivity point of view, and its compliance
with national and international standards.”

» Assessment of saline groundwater
resources and monitoring of sea water
intrusion by utilizing stable and radioactive
isotopes.

» Determination of the origin of salinity
and natural radioactivity and age of water,
in addition to the study of pollutant transfer
through groundwater aquifers.

» Sharing knowledge and technical
capabilities on the integrated management of
water resources in the region.

» Capacity building of laboratory infrastructure
through the procurement of essential
equipment and the provision of relevant
training.

17 RAS7027: Using Environmental Isotopes and Natural
Radioactivity in the Assessment of Ground Water Quality
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Enhanced capacity of ARASIA State
Parties in applying the following
approaches for ground water assessment

Isotope techniques, including stable
and radioactive isotopes

Assessment of
groundwater quality from
a radioactivity point of view

Capacity

building of

laboratory

infrastructure Sharing

—— knowledge

and technical
capabilities
in the region

Determination of salinity
and radioactivity origin and
age of water

Assessment of saline
groundwater resources
by utilizing stable and
radioactive isotopes
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Facilities for stable isotope analyses in water
samples at AECS (Syria): Finnigan MAT
DELTAplus mass spectrometer

ACHIEVEMENTS

Regional capability was established and enhanced in water resource assessment
"1+ and management, using isotopic techniques.

Laboratory infrastructure and well-trained technical staff was established to
wle | perform water analyses, using nuclear analytical techniques.
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Established facilities for tritium analysis in water samples at the AECS (Syria)

Isotopic and chemical databases were established with hydrogeological
information on studied aquifers.

Assessment of groundwater quality through the origin of salinity and natural
radioactivity was completed.

More than 400 sets of isotopic data were compiled to create a regional data
base to be used for decision making on water resource management.'®

Two regional isotope laboratories were established in Saudi Arabia and Iraq.
Comprehensive assessment was performed on the origin and dynamics of water,
and the interactions with surface water for policy makers to make informed

decisions on water resource management.

National surveys were conducted and the results obtained were disseminated by
State Parties through publications, international conferences, and symposia.

18 RAS8103: Use of Isotopes and Geochemical Techniques in the Study of
Artificial Recharge in Groundwater
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IMPROVING ANALYTICAL QUALITY
THROUGH PROFICIENCY TESTING AND
CERTIFICATION OF REFERENCE MATERIALS

| BACKGROUND

nalytical techniques need to be
Acalibrated by using reference materials

to ensure accurate and comparable
measurement results, and to meet laboratory
accreditation requirements. Reference
materials are used to validate analytical
methods and Quality Assurance (QA) of
measurement results.

Laboratories in the ARASIA region requested
IAEA support to acquire the technical skills
and capabilities needed to prepare and certify
reference materials in the region. This was due
to the scarcity of reference materials which
meet the specific regional needs, regulatory
requirements, and high cost involved.

The challenge was to develop the capabilities
and establish cooperation among ARASIA
laboratories in the preparation and certification
of reference materials according to
internationally agreed standards.®

IAEA TC project RAS1017 aimed at improving
the quality, comparability, and reliability of
measurement results produced by ARASIA
State Party laboratories.

| ACTIONS TAKEN

» Expert support was provided to
establish standardized methodologies for
the preparation of reference materials,
including homogeneity and stability tests
according to the requirements of ISO
standard 17034.

19 RAS1017: Improving Analytical Quality through Proficiency Testing and
Certification of Matrix Reference Materials

YEARS
ARASIA



» Reference material for the analysis of

toxic elements in water was prepared and
certified, involving a group of laboratories
from the region (Jordan, Lebanon, Qatar,
Saudi Arabia), and compared/validated with
laboratories from Europe (Belgium, Hungary),
and the USA.

» Spiked water reference material was
prepared at the AERI laboratory of KACST in
Saudi Arabia and tested for homogeneity, with
reference values being confirmed by using an
inductively coupled plasma mass spectrometry
(ICP-MS) laboratory.

» Uranium ore reference material JAEC—

001 was certified at the Atomic Energy
Commission of Jordan, with certification
results being published in an international peer
reviewed journal.
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Analysis of toxic elements in water enhanced through collaboration
between laboratories from ARASIA region and laboratories from
Europe and USA
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ACHIEVEMENTS

Regional technical capability in analytical laboratories in the ARASIA region was
1 established to produce and certify reference materials that meet specific needs.

Comparability, quality, and mutual recognition of analytical reports amongst
4 ARASIA State Parties were enhanced and will support the smooth exchange of
goods and services in the region.
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AFFORDABLE AND
CLEAN ENERGY

SUPPORTING STRATEGIC PLANNING TO MEET FUTURE ENERGY NEEDS

Ensuring energy and water supply security in
a sustainable fashion presents key challenges
which affect socioeconomic and technological
development in the ARASIA region, like in
other regions of the world. The ARASIA
region possesses large energy resources,
however there is a big disparity among its
State Parties in terms of resource allocation,
energy infrastructure development, and
socioeconomic and per capita energy
indicators, associated with a generally high
level of water scarcity.

Energy is needed for water production
(dissemination & abstraction), transport and
distribution. On the other hand, water is
needed during energy generation processes
(to cool power plants, as well as enabling
hydro power). Thus, regional integration
supported by electricity and gas grid
interconnection is important to improve energy
supply security, inter alia through resource
pooling in the region, and electric peak load
shifting that help reduce both reserve margins
and the overall power system costs.

The TCP has contributed to the assessing
technical solutions related to energy and water
supply and associated environmental impacts,
and to boosting the economic integration of
ARASIA countries.

» The IAEA TCP has tackled these common
challenges through national capacity

20 activities conducted to strengthen ARASIA capabilities in energy planning
Iraq, Jordan, Lebanon, Oman, Saudi Arabia, Syria, United Arab Emirates, Yemen

TC Projects

COUNTRIES

Built and strengthened local
energy planning expertise

Conducted energy studies

Supported the decision making
of ARASIA countries in delivering
sustainable energy strategies

o
RAS0043 Training
Courses
Technical and
oo coordination
¢ RAS0052 meetings
Workshops
ooV Expert
T RAS2017 Missions

building in the field of energy planning,
providing insights into energy, water,

and climate linkages, and offered viable
solutions to minimize the potential impacts
of climate change on energy and water
supply systems in the region. The TCP also
conducted regional and national energy
studies, taking into consideration the
potential and opportunities of the energy
sector for regional integration.

» Technical support was provided to

assess ARASIA national decision making in
formulating future policies and strategic plans
for the development of the energy and water
sectors, consonant with the clean energy
transition until 2050.

» Throughout the TCP implementation and in
cooperation with ARASIA, the IAEA organized

several regional training events and expert
missions to help build local capabilities for
carrying out comprehensive energy systems
analysis, using IAEA>s energy planning tools
for sustainable energy development.

» Later, the scope was expanded to
incorporate water sector analyses, which
became an integral part of the envisaged
energy system analysis to account for the
generally increasing importance of the
energy—water—nexus, which is in particularly
crucial for the ARASIA region.

» A sustainable energy development scenario

(SES) with relevant indicators was established in
alignment with the targets of the selected SDGs.

» The IAEA supported ARASIA in human
resources development in the field of

20
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energy planning and comparative studies,
through both regional and individual on—
the—job trainings.

» Specialized training with demonstrated case
studies was provided on the preparation of
input data sets, analysis of model results, and
the preparation of policy recommendations.

» Necessary analytical tools and software was
provided, which were developed by the IAEA.
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Comparative Assessment of
Electricity Generation Options of
ARASIA Countries, A Regional
Study under ARASIA Project
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Document under publication.

Capabilities were enhanced for preparing energy strategies, roadmaps, and action plans for the sustainable development of energy and

National capacities in energy planning were strengthened and achieved at a good level, using IAEA energy modelling tools to support
national/regional decision making in formulating sustainable energy strategies, besides exploring the regional integration to enhance energy
supply security and support the socioeconomic development of the region.

Through the replication of the established energy study methodologies in the ARASIA region over the last 15 years, local expertise in energy
planning was strengthened and received recognition of regional institutions, such as the League of Arab States, the Arab Atomic Energy Agency,
and the Regional Centre for Renewable Energy and Energy Efficiency (RCREE), involved in preparing regional and national energy studies.

water systems in the ARASIA region, considering existing synergies of regional integration.

Electric grid interconnection was assessed with an expected annual increase of electricity exchange from 4.4 TWh in 2014 to 21 TWh in
2040. The achieved cumulative saving in new power capacity addition will reach around 10.5 GW until 2050.

Capacities requiered for deployment of

Deployment of 4 IAEA energy planning tools:
Model for energy supply system alternatives
and their general environmental impacts
(MESSAGE), Model for Analysis of Energy
Demand (MAED), Model for Financial analysis
of electric sector expansion plans (FINPLAN),
Simplified Approach for Estimating Impacts of
Electricity Generation (SIMPACTS)

tools built in 25 skilled energy planners AN
in eight ARASIA countries.

ENERGY PLANNING

STRENGTHENING

NATIONAL
CAPACITIES IN

¥ Strategies formulated for the

Formulation of 7 Long term
national energy and water
strategies

Formulation of a
comprehensive regional
ARASIA energy strategy
under the consideration of
regional electric and gas
grid interconnection were
formulated for the first time

period 2014-2050
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STRENGTHENING REGIONAL NON-DESTRUCTIVE
TESTING CAPABILITIES FOR INDUSTRIAL APPLICATIONS

| BACKGROUND

on—Destructive Testing (NDT) is an
N important technique that is widely

used in the industry, especially in
the oil and gas sectors. Most ARASIA State
Parties have gas and oil industries. Through
multi-year assistance, the IAEA has assisted
ARASIA State Parties in capacity building in
conventional NDT. This support played a vital
role in strengthening regional NDT capabilities
for industrial applications and creating links
and regional cooperation amongst NDT
facilities in ARASIA State Parties. Efforts
have been made for the establishment
of standardized training and certification
schemes for the certification of NDT personnel
and strengthening human capacity.

The goal of the technical assistance provided
was to contribute to upgrading NDT services
and strengthen a formal and harmonized
training and certification framework, according

to internationally agreed ISO standards

in ARASIA by introducing modern NDT
techniques and training programmes.
ARASIA State Parties were interested in
introducing three new NDT techniques,
namely digital industrial radiography (RT-D),
ultrasonic phased array (PAUT), and infrared
thermal imaging (ITl). These techniques are
suited to carry out the required testing of
metallic components and structures, and are
applied for the lifetime extension of power
plants, oil platforms, petrochemical plants, and
aircrafts.

technologies, with emphasis on the PAUT
technique, optimized NDT experimental
setup, system calibration, data acquisition
and analysis.

» Technical capabilities and practical skills
of the NDT professionals were strengthened
to reach the international level of expertise

The IAEA supported ARASIA NDT facilities by
building regional capacity through training on
advanced techniques and providing advanced
technical expertise.
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I ACTIONS TAKEN Training Course on Radiography Testing of
Materials (Level 1) held in Damascus, Syria
» More than 40 professionals were trained

on conventional and advanced NDT
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required to carry out advanced NDT of
metallic components and structures applied
for the lifetime extension of power plants,
oil platforms, petrochemical plants and
aircrafts.

» A standardized and harmonized NDT
training programme was established

and introduced to ARASIA NDT facilities,
according to the IAEATECDOCS. The
training programme consisted of a series of
training milestones to meet the competence
requirements for NDT personnel qualification
and the certification examinations for levels
1,2 and 3.

Photo: M. Gaspar/IAEA

ACHIEVEMENTS

facilities, leading to the mutual recognition of NDT certificates within the
region.

in ARASIA State Parties for the qualification and certification of NDT
personnel according to ISO9712.

and harmonized professional training, leading to the certification of
personnel who can provide high quality NDT services.

The quality of metallic components used in oil and gas sectors was

and service.

Technical capabilities and professional skills were strengthened to carry

Self-sufficiency of certified manpower was enhanced in the field of modern
NDT and the level of competence and ability to obtain accreditation for NDT

Sustainable national certification systems were developed and established

Sustainable training capabilities were strengthened to provide standardized

enhanced and maintained, and hence, the operational reliability and safety
of industrial plants improved during construction, exploitation, maintenance,

International Accreditation (ISO 17024)
to certify NDT personnel

RADIOGRAPHIC

ULTRASONIC

MAGNETIC PARTICLE

PENETRANT TESTING

v

Introduction of Modern NDT Technologies

out the required testing of metallic components and structures for the safer
lifetime extension of power plants, oil platforms, petrochemical plants, and
aircrafts.

The efficiency and cost optimization of operations in industrial plants and
the oil industry were enhanced.
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ENHANCING THE UTILIZATION OF NUCLEAR ANALYTICAL

TECHNIQUES IN INDUSTRIAL AND ARCHAEOLOGICAL

| BACKGROUND

RASIA State Parties are rich in
Aarchaeological patrimony as a result of

the interaction of ancient civilizations
since the lower Paleolithic. A large number
of archaeological sites and excavations have
unearthed remains dating back thousands
of years and belonging to earlier civilizations
(e.g., Prehistoric, Phoenician, Babylonian,
Assyrian, Hellenistic, Roman, Byzantine,
Omayyad, Abbasside, Mamluk, Ottoman,
etc.). These remains incorporate organic
materials such as bone, charcoal, seeds,
wood. Inorganic materials mainly include
flint, ceramic, and pottery. These findings
merit profound studies and need absolute
dating by using appropriate techniques to
better understand the past human history and
reconstruct early human occupation.
During the last 20 years, large scale
campaigns of archeological excavations were
and are still undertaken, with a very large
number of findings arising that could be dated
by radiocarbon or other nuclear techniques,
such as thermoluminescence and optical
simulated luminescence (TL/OSL) dating.

Nuclear analytical methods, such as absolute
dating, are crucial tools to study national
cultural heritage, giving numerical age and
answering questions of archeologists. In the
past, and in the absence of local specialized
laboratories, archaeologists and museum

36

APPLICATIONS IN ARASIA STATE PARTIES

curators were often conducting absolute
dating at high cost and in different laboratories
across the world, mainly in Europe.

| ACTIONS TAKEN

» Through the IAEA TCP, ARASIA State
Parties have implemented absolute
dating, using nuclear techniques, through
the establishment and enhancement of
radiocarbon dating and TL/OSL dating
techniques.

» To assess the level of technical competence
of ARASIA laboratories, proficiency

testing exercises on the determination of
radionuclides and trace elements were
organized amongst the regional laboratories.

» Laboratory best practices of nuclear
analytical techniques pertinent to the analysis
of sensitive samples, such as archeological
objects, were disseminated.

Training delivered according to ISO 17025
requirements

240

Professionals (chemists,
physicists, researchers,
technicians, archaeologists
and museum curators)

» Establishment of quality management for radioanalytical techniques
» Method validation

» Measurement result estimation

» Internal audits

4 5 Modern applications and analytical methodologies of nuclear

Laboratory
professionals

ARASIA
laboratories

analytical techniques such as particle induced
X-Ray emission (PIXE), particle induced gamma ray emission
(PIGE), and Rutherford Backscattering Spectrometry (RBS)

Implementation of a QA system
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ACHIEVEMENTS

The provided technical support has enhanced the competence of ARASIA laboratories in using nuclear analytical techniques for the
contextualization, conservation, and preservation of cultural heritage objects.

The scope of nuclear technique applications in cultural heritage studies was expanded and, the number of end users and beneficiaries
of nuclear analytical techniques increased (museums, universities, research centres, etc.).

Validated and harmonized Guidelines on the Treatment Methods Applied to Archeological Sample Preparations for Dating Using the
Carbon—14 Technique were established.

A Workshop on the Treatment Methods Applied to Archeological Sample Preparations 7 - (Photo credit: Lebanese Atomic Energy Commission)

Technical capabilities to date archeological findings locally were enhanced, allowing
to provide a better understanding of archaeological artifacts and improvement of
chronological data.

Through trainings and data provided by the labs, archaeologists, museum curators,
conservators, academics, and national authorities of antiquities were supported to take
informed decisions regarding the conservation, preservation, and authentication of
ancient artifacts.
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A Radiocarbon Dating Laboratory at the
Formal accreditation of two laboratories in Lebanon and Jordan was achieved, according Lebanese Atomic Energy Commission
to the requirements of ISO17025.

Proficiency testing capabilities were established to support analytical laboratories to
assess and monitor their analytical performance.

The quality and mutual recognition of analytical results produced by ARASIA laboratories
was improved by using nuclear analytical techniques.

The utilization of nuclear techniques in art and archaeological studies was enhanced by -
using IBA, namely ion beam analysis techniques, including PIXE, PIGE, and RBS. A Human bone samples discovered at the

RML-79 site — Context 2125 Beirut,
27 Under RAS1025: Enhancing the Capabilities of Radiocarbon Dating in Lebanon

Archaeological Applications
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13 CLIMATE 14 LIFE
ACTION BELOW WATER

ENHANCING THE SUSTAINABILITY OF THE MARINE

COASTAL ENVIRONMENT THROUGH UPGRADING REGIONAL

CAPABILITY TO ASSESS MARINE CONTAMINANTS

| BACKGROUND

arine resources are highly important
M to the State Parties in the ARASIA

region. Detecting and identifying the
origin of pollutants, organic or radioactive
substances and toxins dispersed because
of natural or engineered processes, and
understanding the consequences of their
unplanned redistribution within the marine
coastal environment is essential.

Developing monitoring capabilities and
cooperation among the ARASIA State Parties

is critical in order to detect such pollution
and to ascertain its movements along the
Mediterranean, the Red Sea and the Gulf
coasts. This will, in turn, help alleviate and
reverse marine coastal contamination and
strengthen the sustainability of the marine
costal environment.

| ACTIONS TAKEN

Within the framework of the Technical
Cooperation Programme, the assessment
and control of marine pollution, in particular

transboundary pollution, has been
strengthened through the following actions:

» Sampling and analytical methodologies
were improved and harmonized on the

regional scale to achieve comparable and
valid monitoring results across the region.

» Technical skills for the establishment

of national monitoring programmes were
developed through training and the exchange
of expertise, to feed validated data into a
regional database and then into the global
web-based IAEA MARIS database.
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» National teams were trained on marine
sampling and analysis of non—radioactive
contaminants and radioactive tracer
applications in marine pollution studies.
More than 41 professionals were trained
through two regional training courses, six
scientific visits, and 12 fellowships.

» The technical capacity of the participating
institutions was upgraded through the
provision of sampling tools, reference
materials, and calibration standards.

Sediment sampling / Aqaba Gulf, Jordan »
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ACHIEVEMENTS

Improved and strengthened human resources and technical capabilities for establishing
and maintaining marine environmental monitoring programmes with a special focus on
non—radioactive pollutants.

Establishment of national databases for radioactive and non—radioactive pollutants in
participating State Parties.

Establishment of basic national marine environmental monitoring programmes in
participating State Parties, demonstrated through several proficiency tests that were
carried out.

=
o
[}
2
=
£,
/)
o
>
)
[~
o}
-
Q2




£

Snm {155

NUCLEAR TECHNIQUES SUPPORT COMBATING DESERTIFICATION
AND ENHANCING THE USE OF SALT AFFECTED SOILS AND SALINE

| BACKGROUND

alinization — the increasing amount of
Sthe salt content in soil — contributes to

land degradation, desertification, and
subsequently, food insecurity. In the Middle
East, the main constraint on agricultural
development of arid and semi-arid land is
limited water availability, making agricultural
production difficult. To address the dual
challenge of soil salinity and water shortage,
the IAEA, in partnership with the Food and
Agriculture Organization (FAO), has supported
ten countries in the region facing severe
salinization to improve soil, water, and crop
management practices with the use of nuclear
and isotopic techniques. Five years on,
farmers are successfully growing crops under
saline conditions with significant yield.

| ACTIONS TAKEN

» Through its Technical Cooperation
Programme, and in partnership with the FAQO,
the IAEA has trained and worked with 60
scientists from Iraqg, Jordan, Kuwait, Lebanon,
Oman, Qatar, Saudi Arabia, Syria, the United
Arab Emirates and Yemen, who are now using
nuclear and isotopic techniques to improve
crop yields on salt—affected soils.

» The amounts of fertilizer and water were
optimized, based on soil properties and crop
types, using soil moisture neutron probes

WATER FOR CROP AND BIOMASS PRODUCTION

to monitor soil moisture levels, and the
nitrogen—15 isotopic technique to determine
how effectively crops are responding to, and
taking up, fertilizer. The information generated
from these techniques allows farmers to
reduce the use of water and fertilizer.

» With the application of the appropriate
irrigation water, the physical and chemical
conditions of the soil can be improved over
time, as the accumulated salt is washed off,
enabling a wider range of crops to germinate
and grow. As a result, farmers in participating
countries have managed to successfully grow
different crops and achieve high production
volumes. Examples include millet in Lebanon,

Training of 60 Scientists to improve crop yields on salt-affected soils

JORDAN

Barley and
Safflower
production

Millet production

@
QATAR . YEMEN
. e

barley and safflower in Jordan, and quinoa in
the United Arab Emirates.

» With support from the IAEA and the FAO,
plant biomass produced from growing salt—
tolerant crops was used as animal feed. The
size of arxea under cultivation has increased,
as farmers have reclaimed saline land.

» Practical arrangements (PAs) between the
IAEA and the International Centre for Biosaline
Agriculture (ICBA) were signed in March

2015 for mutual undertakings in the areas of
desertification and land degradation, soil and
water management, water use efficiency, and
agricultural research.

Countries are now
using nuclear & isotopic
techniques

Successful growth of
different crops
ARAB'A Achievement of high
production volumes

Quinoa production
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ACHIEVEMENTS

Increased capacities of soil scientists, agronomists, and specialists

in ARASIA on the applications of isotopic techniques to quantify
biological nitrogen fixation by growing crops, to measure the efficiency
of fertilizer application, and to differentiate between water losses
through direct soil evaporation versus transpiration from the plant.

Capabilities were strengthened for assessing soil salinity, collecting
samples for laboratory analyses, and determining the fertilizer
requirements of different crops under saline conditions.

Irrigation and savings in water utilization were optimized through the
usage of soil moisture neutron probes to monitor soil moisture levels.

Guidelines on assessing salinity were established in the ARASIA
region and its mitigation through different chemical, physical, and
biological approaches. These guidelines provide step by step guidance
for researchers and end users.

Measurement
of efficiency
of fertilizer
application

Applications of
isotopic techniques
to quantify
biological nitrogen
fixation by growing
crops

60~
Soil scientists,
agronomists,
and specialists
trained

Differentiation
between water
losses through direct

soil evaporation vs
transpiration from
the plant.

A regional network is under establishment to carry out field studies under agrico—systems, with data being shared among all State

Parties for further dissemination.

Agricultural productivity was improved in salt—affected lands with saline water resources, and land use sustainability enhanced.

Appropriate management practices to rehabilitate salt—affected lands have been determined and applied.
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CLIMATE SMART AGRICULTURE TO IMPROVE
CROP PRODUCTION THROUGH INTEGRATED SOIL,
WATER, AND NUTRIENT MANAGEMENT PRACTICES

| BACKGROUND

ost ARASIA State Parties have arid
M and desert lands with an average

temperature of 45°C during long,
hot, and dry summers, and low temperatures
during winter. Limited arable land areas,
scarce water resources and less fertile soils,
coupled with weak salinity and drought
tolerant genotypes, has drastically affected
crop production. Therefore, ARASIA State
Parties requested IAEA support to improve
crop production practices to meet the growing
demands for food and feed.

The major challenge was to support the
sustainable production of food and feed with
an optimized use of water and fertilizers, and
to enhance the exploitation of salt affected
lands, considering national needs, fragile
ecosystems, and limited natural resources.

| ACTIONS TAKEN

With a view to enhancing sustainable
agricultural production under climate smart
agricultural practices and upscale the use of
salt affected lands, five regional projects were
executed in cooperation with the IAEA under
the ARASIA TCP, including the following
actions:

» Biological and physical soil reclamation
techniques were applied within the activities
of a TCP to enhance the use of salt affected
lands and saline water for crop and biomass
production in the region.

» The new enhanced wheat varieties created
through mutation breeding via the ARASIA
germplasm exchange programme, resistance
under specific environmental conditions was
assessed.

1 HIJE
ACTER

O

Genetically
Modified
Organisms (GMOs)
and Mutation
breeding through
nuclear techniques
are different! The
IAEA work in
mutation breeding
simply accelerates
the natural process
and does NOT
modify the genome
of a plant.
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» An integrated soil, water, and crop gas (GHG) emissions from the fields.

management approach was employed to GHG emissions were quantified using

upscale the use of salt affected lands in a manually operated closed chamber ACHIEVEMENTS

crop production in cooperation with farmers, technique, and analysed using gas

using Sorghum. The technical knowledge chromatography.

on the application of integrated soil and Enhanced exploitation of salt affected
crop management practices to upscale » Climate smart agricultural practices for lands through cultivating moderately salt
salt affected lands in crop production better productivity were introduced with a tolerant crops like sorghum and barley
were transferred to local farmers through minimum use of resources and fewer gas in cooperation with farmers in end
technology transfer programmes. emissions for optimal food safety. users’ farms.

Shared relevant information on
conservation agricultural practices, as
well as optimization of irrigation and
fertilization regimes for different crop
varieties (barley, sorghum) with local
farmers through technology transfer
programmes.

» The projects employed Climate smart

agricultural practices to mitigate greenhouse Crops under conservation agricultural practices,
such as minimum tillage and mulching

Reduced GHG emissions through
the application of best climate smart
crop production practices based on
integrated soil, water, and nutrient
management.

Implemented climate smart agricultural
practices to support farmers in

applying less carbon intensive farming
practices to provide greater resilience in
production systems, rural welfare, and
food security.

Identified improved mutant wheat
" varieties adapted to dry cropping
system.

@ Evaluated region specific performance

1 of wheat cultivars, which provided a
basis for selecting high yielding cultivars
most adaptable to ARASIA climatic
conditions.

@ Facilitated capacity building activities

" through regional training courses on
best practices for smart crop production,
and soil, water, and crop management

. , practices based on nuclear isotopic

v techniques.
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Different varieties of sorghum grown on a pilot scale
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1 7 PARTHERSHIPS
FOR THE GOALS

PARTNER

FOR THE

Through technical cooperation with the
IAEA, ARASIA State Parties develop
and enhance their technical and human
resources capacities in the peaceful uses of
nuclear techniques. The region has witnessed
progress in several technical areas in the past
twenty years. Building on this momentum,
and moving towards more efficient Resource
Mobilization, ARASIA State Parties designated
specific Regional Resource Centres to
facilitate the use of available advanced
institutions in the region, and support the
sharing of expertise and provision of trainings.

In this context, five Memorenda of
Understanding (MoU) were signed in February
2022, upon which five Regional Resource
Centers (RRCs) were designated. Two RRCs
for nuclear medicine namely the Kuwait
Cancer Control Centre and the American
University of Beirut Medical Center, will
help strengthen human resources, enhancing
institutional capacity, as well as providing

44

clinical training and technical support services
to complement ARASIA’s efforts in enhancing
cancer care in its State Parties.

Three Secondary Standards Dosimetry
Laboratories (SSDLs) were also designated
RRCs to support the region’s efforts towards
enhancing dosimetry and calibration services

and sharing expertise in that area. The
designated SSDL-RRCs were: the SSDL of
the Jordan Atomic Energy Commission,
Kuwait Radiation Protection Department
at the Kuwait Institute for Medical
Specialization — Ministry of Health, and the
National Radiation Metrology Laboratory
at AECS in Syria. ARASIA State Parties have
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2 NUCLEAR MEDICINE
INSTITUTIONS

THREE SSDLs

succeeded to establish, with IAEA support,
SSDLs of international standard in the region,
and to share best practices in the field of
radiation metrology.

The MoU signings were the first of their kind
for ARASIA and enable the most technically
advanced Arab countries to support their
neighbours in nuclear medicine, calibration
of instrumentation, dosimetry, and ensuring
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- American University of Beirut Medical Center
- Kuwait Cancer Control Center

- SSDL of the Jordan Atomic Energy Commission
- Kuwait Radiation Protection Department at

the Kuwait Institute for Medical Specialization — Ministry of Health
- National Radiation Metrology Laboratory

at AECS in Syria

safety from ionizing radiation. They will
facilitate the provision of expert support,
access to research data, the organization

of workshops and training courses, and the
exchange of technical expertise to support
the needs of countries in the region to further
strengthen their capacities.

The IAEA continues to support ARASIA State
Parties, through the Technical Cooperation

Programme, in establishing and promoting

through improving institutional infrastructure
and Human Resources capacity building.

“The designation of ARASIA Regional
@ fesource Centres and signature of these

of technical cooperation among developing
countries, providing a vehicle for high
quality services and for developing human
resources that meet ARASIA State Parties’
needs and support the ARASIA Technical
Cooperation Programme. It also provides
ARASIA with an excellent tool for resource
mobilization.”

for Technical Cooperation.

Photo: O. Yusuf/IAEA
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regional integration and stronger collaboration

agreements underpins an exemplary model

~ Mr. Hua Liu, IAEA Deputy Director General
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ENHANCING THE MANAGEMENT,

THE COOPERATIVE AGREEMENT, AND ITS
TECHNICAL COOPERATION PROGRAMME

‘("'

| BACKGROUND

RASIA State Parties received support
Ain addressing managerial and

emerging aspects that can contribute
to the successful development and efficient
implementation of the ARASIA Technical
Cooperation Programme (TCP). ARASIA
has its own Secretariat, established in the
State Parties by rotation, mandated to
perform all operational issues related to the
Agreement and its programme. The Board of
Representatives, the highest decision-making
body of the Agreement, consolidates its efforts
with the IAEA to strengthen the management
and the ownership of the Agreement and its
programme.

F e ® S N e NN Sy S

| ACTIONS TAKEN

» The ARASIA Strategy and Cooperative
Trust document was issued and adopted in
September 2015 as strategic guidance for
the overall upstream planning of ARASIA
activities®* for the period 2018-2027.

» ARASIA project designs for IAEA TC cycles
were reviewed by relevant teams of national
project coordinators by keeping in view their
sustainability, coherence, and relevance.
This resulted in high quality project designs
with clear, implementable, and achievable
objectives, addressing central issues among
ARASIA State Parties.

34 RAS0067: Enhancing the Management of the Cooperative Agreement
and its Technical Cooperation Programme

1-, FARINIRSEFS
FUR THE DUWEE

» |IAEA support enabled improving and
institutionalizing ARASIA operational
guidelines® and rules for establishing
ARASIA RRCs, resource mobilization,
and thematic working groups for the
development of project concepts for future
TC cycles.

» Several working group meetings were

held to assist the development of the
Strength, Weakness, Opportunity, and Threat
analysis for ARASIA TCP management, to
increase ARASIA programme efficiency and
effectiveness.®

35 RAS0077: Supporting Ownership and Sustainability of the ARASIA
Programme

36 RAS0084: Leveraging Management for Increased Programme Efficiency

and Effectiveness
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ACHIEVEMENTS

National Liaison Assistants from ARASIA state parties were supported in acquiring knowledge and an overview of the ARASIA
TC programme.

ARASIA outreach materials were prepared for the exhibition during the International Conference on the IAEA Technical
Cooperation Programme: Sixty Years and Beyond — Contributing to Development.

Photos: National Atomic Energy

Commission, Yemen

A Radiation Induced Mutant Varieties

Resource mobilization and a partnership documents were issued and approved by the ARASIA Board of Representatives.

I
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Under this project, the ARASIA Regional Resouce Centers were identified and declared in nuclear medicine and dosimetry.
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ARASIA Board of Representatives Meeting
during the 58. IAEA General Conference
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Way Forward

This publication has highlighted but a few examples where ARASIA technical cooperation with
the IAEA support has achieved tangible results which benefited a wide range of people and has
improved their lives in different ways.

With the gained maturity and experience, ARASIA is working for preparing and implementing
new flagship projects in priority areas of interest for the region, that can involve different UN
specialized agencies and can achieve more ambitious results, through support from regional
and international donors.

Applying nuclear techniques for combatting illicit trafficking and counterfeiting of art objects and
archeological artefacts, enhancing early cancer diagnosis and providing appropriate cancer
treatment, contributing to food security and food safety within the ARASIA region and mapping
pollutants in land and in the sea, understanding their sources and proposing solutions to
mitigate their risks on the environment and human health will be the main target for ARASIATC
Programme in the coming years.

The establishment and the operationalization of the ARASIA fund within the IAEA, and the
establishment of the ARASIA resource mobilization committee together with the ARASIA
committee for outreach and communication will support the development of this cooperative
agreement in the next decade and enable a clear breakthrough to progress. ARASIA is ready
for the challenges and opportunities of the next decade, in continued partnership with the IAEA.
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