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1.

INTRODUCTION

Vision

“To be a world-renowned center of excellence for research In
fundamental studies.”

Mission

“Initiate, promote and engage in advanced research in fundamental
studies for the enhancement of scientific knowledge, human
resources, and national development”
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Director’s Message

In 1981, the National Institute of Fundamental Studies was established with the vision of
being a centre of excellence in basic research. Currently, we are engaged in a range of
research programs which has a direct benefit to Sri Lanka sustainable development. In
addition, we train (postgraduate students; Ph.D. and MPhil) that requires to support the R&D
and industrial needs of the country. These targets were achieved with the help of our core
research team who have a solid reputation in their respective fields.

All of our Institute’s programs focus on three major aims: finding solutions to major national
problems through basic research; training high - quality post - graduate students that this
country needs for sustainable development and promoting science education in the country
so more students are attracted to a career in science and thus utilize their skills for national
development. NIFS has trained more than 1500 postgraduate students in the last 40 years
and most of them are in very senior positions in the country. Through this we were also able
to minimize brain drain from the country.

The National Institute of Fundamental Studies is well on its way in becoming the centre of
excellence for basic research required by the country to resolve major national issues. We
will also continue to produce high-quality graduate students that the country needs to
improve the science and technology sector and economic sustainability.

Prof. Saman Seneweera,

Director,
(Chief Executive officer/Chief Finance officer)
National Institute of Fundamental Studies

Page 2
ANNUAL REPORT 2019 [English]



Y/
0'0

Y/
0'0

Y/
0'0

Y/
0'0

OBJECTIVES OF THE INSTITUTION

Initiate, promote and conduct research and original investigations in fundamental studies in
general with particular emphasis on mathematics, physical and chemical sciences, life
sciences, social sciences and philosophy, taken in the broadest sense; to collaborate with
public and private institutions as may be necessary to develop applications relevant to the
studies conducted.

Arrange lectures, meetings, seminars, and symposia in pursuance of its research work and for
the diffusion of scientific knowledge;

Invite scientists in Sri Lanka and from abroad, who are actively engaged in creative work to
deliver lectures and participate in its research activities;

Establish and maintain liaison with scientific workers and scientific institutions in other
countries and promote international co-operation in matters relating to the aims and objects
of the Institute, while taking care to protect and promote the national interest;

Provide training, guidance, and assistance for research leading to the award of post graduate
degrees by institutions recognized by the University Grant commission established by the
University Act, No.16 of 1978.

Do such other acts and things as may be necessary to promote the aims and objectives of the
Institute.

The institutional research objectives were met through six research units under 19 research projects
mentioned below and the technical and administrative staff ensured the smooth operation of the
Institute.

RESEARCH UNITS

ENERGY & ADVANCED MATERIALS RESEARCH UNIT

Condensed Matter Physics &Solid State Chemistry research project
Energy & Advanced Material Chemistry research project

Material Processing & Device Fabrication research project
Nanotechnology & Advanced Materials research project

THEORETICAL PHYSICS & COMPUTATIONAL STUDIES RESEARCH UNIT

Quantum Physics & Applied Electronics research project

NATURAL PRODUCT & FOOD CHEMISTRY RESEARCH UNIT

Food Chemistry research project
Natural Products research project
Nutritional Biochemistry research project
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MICROBIOLOGY & CARBON SEQUESTRATION RESEARCH UNIT
Bioenergy & Soil Ecosystems research project
Rhizobium Project research project
Microbial Biotechnology research project

EARTH, ENVIRONMENT & BIODIVERSITY RESEARCH UNIT
Earth Resources and Renewable Energy research project
Environmental Science Research Programme research project
Evolution, Ecology & Environmental Biology research project
Plant & Environmental Sciences research project
Plant Taxonomy & Conservation research project
Primate Biology research project

MOLECULAR BIOLOGY & BIOTECHNOLOGYRESEARCH UNIT
Molecular Microbiology & Human Diseases research project
Plant Stress Biology & Molecular Genetics research project
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2. NIFS ORGANIZATIONAL CHART
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3. BOARD OF GOVERNORS 2019

NIFS is administered by a twelve-member Board of Governors includingProf. Janaka
BandaraEkanayake,as the Chairman.

Chairman -Appointed by H.E the President

e Prof. Janaka BandaraEkanayake, Department of Electronic and Electrical Engineering
Faculty of Engineering/ University of Peradeniya

Members
Ex-Officio members
e The Advisor to the President on Scientific Affairs
e Prof. Mohan De Silva, Chairman/ University Grants Commission
e Prof. SamanSeneweera, Director/ NIFS

Appointed by H.E the President

¢ Prof. Sarath G. llangantileke,Independent Consultant on Post Harvest technology of
Food Crops

e Prof. Missaka P.B. Wijayagunawardane, Department of Animal Science/ University of
Peradeniya

e Dr. Ravi Weerakoon, Consultant Anesthetist Teaching hospital. Kandy

Appointed by the Minister
e Prof. Upul B. Dissanayake, Vice Chancellor of University of Peradeniya
e Dr. A.D. Dharmapala, Department of surgery/ University of Peradeniya

Elected by the Research Council

e Prof. Namal Priyantha, Department of Chemistry, University of Peradeniya
e Prof. M.C.M. Igbal, Associate Research Professor/ NIFS

Appointed by the Treasury

e Mr. J.M.U.P. Jayamaha, Additional Director General/ Dept. of Public Enterprises,
Ministry of Finance

Secretary to the Board of Governors/ NIFS

e Dr. P.S.B. Wanduragala
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4. RESEARCH COUNCIL 2019

Research Council whose membership comprises university academics and researchers of the NIFS,
served as an advisory body.

Chairman
e Prof. Saman Seneweera, Director/ NIFS

Members
Appointed by H.E the President
e Prof. D.M.D. Yakandawala, Department of Botany, Faculty of Science, University of
Peradeniya
e Prof. Ruwan Duminda Jayasinghe, Faculty of Dental Studies, University of Peradeniya

Nominated by the University Grant Commission

e Prof. HM.D. Namal Priyantha, Department of Chemistry, Faculty of Science,
University of Peradeniya

e Prof. R.L. Chandrajith, Department of Geology, Faculty of Science, University of
Peradeniya

e Prof. G.K.R. Senadeera, Department of Physics, The Open University of Sri Lanka

e Prof. L.R. Jayasekara, Department of Botany, Faculty of Science, University of
Kelaniya

Ex-Officio:
Senior Research Professors, Research Professors, Associate Research Professors & Senior
Research Fellows of National Institute of Fundamental Studies
e Prof. A. Nanayakkara, Senior Research Professor
e Prof. ). Bandara, Senior Research Professor
e Prof. U.L.B. Jayasinghe, Senior Research Professor
e Prof. G. Seneviratne, Senior Research Professor
Prof. M.A.K.L. Dissanayake, Research Professor
Prof. D. S. A. Wijesundara, Research Professor
Prof. G.R.A. Kumara, Research Professor
Prof. R. Weerasooriya, Research Professor
e Prof. S.P. Benjamin, Associate Research Professor
e Prof. M.C.M. Igbal, Associate Research Professor
e Prof. N.D. Subasinghe, Associate Research Professor
e Prof. D.N. Magana-Arachchi, Associate Research Professor
e Prof. N. Marikkar, Associate Research Professor
e Dr. R.R. Ratnayake, Senior Research Fellow

Elected by the Research Fellows of National Institute of Fundamental Studies
e Dr. H.W.M.A.C. Wijayasinghe
e Dr.R. Liyanage
e Dr. I.P.L. Jayaratne

Secretary to the Research Council
e Dr. P.S.B. Wanduragala
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5. AUDIT & MANAGEMENT COMMITTEE 2019

Committee Members

1.

Mr. J. M. U. P. Jayamaha (Chairman)
(Treasury Representative)
Additional Director General
Department of Public Enterprises
Ministry of Finance

The Secretariat

Colombo 01

Prof. Sarath G. llangantilake (Board Member)
1/53, Victoria Range Bungalows
Kengalla

Prof. Missaka P. B. Wijayagunawardane (Board Member)
No. 118, George E de Silva Mawatha
Kandy

Prof. M.C.M. Igbal (Board Member)
Research Professor

National Institute of Fundamental Studies
Hanthana Road

Kandy

Secretary to the Committee (Convener)

5. Dr.P.S. B. Wanduragala (Secretary to the Board)
National Institute of Fundamental Studies
Kandy
Observers

6. Mr.S. W.D. N. Wickramasinghe

Audit Superintendent
National Audit Sub Office
University of Peradeniya
Peradeniya

Mrs. H. D. Anuruddhika

Chief Internal Auditor

Ministry of Science, Technology and Research
3" floor

Sethsiripaya Stage One

Baththaramulla
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By invitation

8. Prof. Saman Seneweera (Board Member)

Director / CEO / CFO
National Institute of Fundamental Studies
Kandy

9. Mrs. P.S. S. Samarakkody
Accountant
National Institute of Fundamental Studies
Kandy

Assisted by

10. Mr. Indika Wijesinghe

Internal Audit Officer
National Institute of Fundamental Studies
Kandy
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6. DIRECTOR’S REVIEW 2019

We are a national institute mandated to conduct fundamental research to advance scientific
knowledge and find solutions to burning national problems. Despite the challenges we have faced
in the past year, we have made a tremendous progress in our research outcomes, institutional
development and knowledge dissemination while engaging in important national programs.

Last year alone, our scientists published over 75 research papers in international and local
journals. In addition, 145 research articles were published as conference proceedings and
abstracts. They have also attracted funding to the tune of Rs. 19 million and formed 55 strong
research collaborations and networks both nationally and internationally.

Even though, NIFS gives prominence to basic/fundamental research in line with its act, our
research work aligns with the UN Sustainable Development Goals.
Achieving Sustainable Development Goals (SDGs) the UN in Percentage form is given below;

0,
" 5.9% 2.6% " 17% = 2.0% QUALITY EDUCATION,

CLEAN WATERAND & 459 11.4% GOOD
SANITATION, 7.0% HEALTH AND
_ WELL-BEING,

-

15.5%
BELOW
WATER,
7.9%
- .-

ACTION, 8.2%

AFFORDABLE AND
CLEAN ENERGY, 7.7%

= DECENT WORK AND ECONOMIC GROWTH
= ZERO HUNGER
NO POVERTY

Figure 1.Achieving Sustainable Development Goals (SDGs) in 2019

Agriculture and Physical Sciences
veterinary 3%

Technology Scier.1ces & Food
2% Sciences 2%

/ Earth Sciences
_— 5%
Environmental
Sciences \

16%
Figure 2. Field of Research areas covered based on UN categorization in 2019
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The financial progress of the recurrent and capital expenditure incurred during year 2019 is
indicated below. Accordingly, out of recurrent expenditure, 69% of total expenditure was
made to meet the personal emoluments and the balance was made to meet the other
expenses. Out of the capital expenditure, 44% was incurred to meet laboratory equipment
and balance was expended to meet the other capital expenses.

Traveling
Expenses
0.19%
Suppliers

/ 3%

’ Maintenance
- s Expenditure
‘ 2.43%
727N

Services
9.22%

Figure 3. Details of the recurrent expenditure in year26838

Mega Project

3.69%

Land & Land

Improvement
3.12%

Library Books
0.35%

Tool & Implement
0.03%

M Lab Equipment H Office Equipment M Building & Structres

1 Mega Project Land & Land Improvement M Library Books

B Tool & Implement

Figure 4. Details of the capital expenditure in year2019
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Currently, our Institute is equipped with state-of-the-art facilities for advanced research. All
research activities are led by an internationally qualified expert pool of scientists. For the first
time, we have also appointed on visiting basis 18 adjunct professors to NIFS from across the world,
and they work with NIFS scientists to find solutions to broad scientific problems. Our motto is:
even with limited facilities, produce the highest quality research outputs, gain international
recognition and inspire the whole nation by developing the country economically and socially.

One of the core objectives of the NIFS is to train high-quality postgraduate students to contribute
to national development. Over the past 40 years, we have trained about 1,500 high-quality M.Phil.
and Ph.D. level postgraduates; Through this process, we have minimized the brain drain and lifted
the academic vigor of our national universities. Presently, we are closely working with the
Ministry of Higher Education, Technology and Innovation to establish the first NIFS affiliated
graduate school in the country. This ties in with one of our core objectives: to train postgraduates
within the country to a standard commensurate with training given in any world class institution.
Presently, there are about 20 Ph.D., 50 M.Phil.,, 10 Masters and 45 undergraduate students
undergoing training at NIFS.

NIFS is also extensively involved in science dissemination among school students, by conducting
the School Science Program - one of the oldest programs in the country, and we continue to
strengthen the program to meet the needs of budding scientists in the country. During 2019, we
also extended our dissemination activities to the general public through our participation in three
national Science, Technology and Innovation exhibitions and the first Open Day.

The projects conducted by our research scientists are primarily focused on addressing burning
national issues like, COVID-19, human-animal conflicts, chronic kidney disease, food and nutrient
security, water quality, natural resources and renewable energy, while generating fundamental
knowledge that is required to address these issues. NIFS is on a fascinating path of growth and
development in the coming years.
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7. SUMMARY OF THE PERFORMANCES OF INSTITUTE IN THE YEAR
2019

7.1 Scientific achievements

e For the NIFS, according to the Act, it is mandatory, and important to publish the research
findings in high quality indexed research journals. In the year, 2019 the institute has
published articles in;

= 25 research papers in Science Citation Indexed (SCl) journals
= 33 research papers in Science Citation Expanded (SCI) journals
= 19 research papers in other refereed journals

e |n addition,140 research articles were published as conference proceedings and abstracts. In
addition, six books/Monographs & Book Chapters were published. Furthermore, 05 articles
were published in magazines & newspapers to disseminate the details of the scientific findings
to the general public.

e Scientists were capable of attracting funds for their research projects; 12-new grants & 33
ongoing grants

e We have 55 research collaborations out of which 04 were initiated in the year 2019.
Details of the Research collaborations with universities & institutions

Australia
¢ Queensland University of Technology
¢ University of New England
¢ University of Western Sydney
e Western Sydney University
Bangladesh
¢ GonoBishwabidyalay (University), Savar, Dhaka
Canada
¢ Dalhousei University,
e University of Guelph, Canada.
Germany
e Georg-August-Universitat Gottingen, Gottingen,
e Zoological Research Museum Alexander Koenig (ZFMK)
Italy
e University of Parma
Japan
e Shizuoka University, Japan
Norway
e Western Norway University
Pakistan
e University of Agriculture, Pakistan
¢ National University of Medical Sciences Rawalpindi, Pakistan
Sri Lanka

e Open University of Sri Lanka, Nawala
- e Sabaragamuwa University of Sri Lanka

e South Eastern University of Sri Lanka

¢ University of Colombo

¢ University of Jaffna
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e University of Kelaniya,

e University of Peradeniya,

e University of Rajarata

e University of Ruhuna

e University of Sri Jayawardenapura

e University of Uva Wellassa

¢ University of Wayamba

e Atomic Energy Board, Sri Lanka

e Aquinas University College

e Coconut Research Institute, Lunuwila
¢ National Herbarium, Peradeniya

e Respiratory disease treatment unit, Teaching hospital, Kandy

Sweden
e Chalmers University
e University of Gothenburg
United Kingdom
e University of the West of Scotland
¢ Natural History Museum, London
¢ Buckingham Centre for Astrobiology, Buckingham
e University of Aberdeen, UK
United State of
America e Georgia State University, USA

e (California Polytechnic State University, San Luis Obispo

e Research Supervision enhance the science knowledge hub and this capacity building process
save millions of rupees which would have been spent overseas for postgraduate studies.

Degree completed in progress

PhD 5 15

MPhil 7 49

MSc 1 10

B Sc research project 12 36
Page 14
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7.2 Progress of Research Projects

7.2.1. Bioenergy & Soil Ecosystems research project
Project Leader —Dr. Renuka Ratnayake

Introduction to Research Project
Global warming has come to its injurious level that a thriving need lies in mitigating
the Carbon dioxide build up at the atmosphere. Soil Carbon sequestration is the
process of removing atmospheric CO; via plant photosynthesis; the atmospheric CO,
is captured and diverted to soil as soil organic carbon where it’s become stable for
thousands of years. Soils contain more carbon than all terrestrial vegetation and the
atmosphere combined and is one of the most active carbon sinks on Earth, second
only to oceans. The main objective of the Soil Ecosystems project is to determine soil
C sequestration potential, its dynamics and the method of improvement in different
major vegetation types of Sri Lanka such as natural and plantation forests, wetlands,
agricultural plantations, farm lands, home gardens and small holder cultivations etc.
The potentiality of coastal ecosystems such as mangroves and intertidal saltmarshes
will be studied for capturing and storing of atmospheric carbon as aboveground and
belowground biomass and in sediments. As the first step mangroves and saltmarsh
ecosystems located in Northern Sri Lanka are under investigation. A study has also
been initiated to develop a baseline soil information system for soil C and other
nutrients for paddy growing soils in Sri Lanka. Estimation of C stocks in soil and
preparation of GIS based map are main outcome of this project. Kandyan home
garden systems have also been studied for soil C sequestration potential.
Microbial cellulases have shown potential application in a wide range of industries
including biofuel, pulp and paper, textile, laundry, food and feed industry, agriculture
etc. The present project focused on studying the potential applications of enzyme
extracts obtained from locally isolated cellulolytic microorganisms in different value-
added products and processes. Research conducted so far indicated that locally
isolated microorganisms and their enzymes can be effectively used in industrial
processors to replace commercially available enzymes with high cost. Another study
has been initiated to investigate the genetic diversity of cyanobacteria in different
water bodies of Sri Lanka with their taxonomical identification, nutrient profiling and
toxin analysis. The project also focuses on the establishment and maintenance of
cyanobacteria culture collection which facilitates the preservation and conservation
of pure cyanobacteria strains present in different types of water bodies and stress
conditions in Sri Lanka not only for the academic and industrial research but also for
future reference.

Activities carried out during the year

Investigation of genetic diversity of cyanobacteria in different water bodies of Sri
Lanka with their taxonomical identification, nutrient profiling and toxin analysis.
Microbial cellulases: application in biofuel production and other value-added
products and processes. Development of baseline soil information system for soil
Carbon and other nutrients for paddy growing soils in Sri Lanka.Carbon Stock in
Mangrove and Salt Marsh Ecosystems of the Gulf of Mannar Region of Sri Lanka.

Overall performance of the Project

We published the first digital soil C map for a forest in Sri Lanka. GIS based map has
been prepared to show the distribution of soil C and other nutrients in Knuckles forest
region. Nine agricultural land uses in Northern Sri Lanka has been covered for soil
fertility parameters. This is the first detail soil survey conducted in the Northern part
of Sri Lanka after 1987.
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7.2.2. Condensed Matter Physics & Solid State Chemistry research project
Project Leader — Prof. M.A.K. Lakshman Dissanayake

Introduction to Research Project

Condensed Matter Physics & Solid State Chemistry project at NIFS during the year
2019 focused on the synthesis and characterization of technologically important novel
solid state and quasi-solid state (gel) materials for energy generation and utilization.
During this period, the group has carried out several sub-projects on developing
efficiency enhanced dye sensitized solar cells by (a) Enhancing the photocurrent by
plasmonic effect using silver nanopaticles, (b) nano-strutural modifications to
titanium dioxide (TiO;) photoanodes, and (c) Studying the effect of polyaniline on the
performance of dye sensitized solar cells fabricated with poly(ethylene oxide) based
gel polymer electrolytes.

Activities carried out during the year 2019

During 2019, three research projects on efficiency enhancement in dye sensitized
solar cells have been completed successfully by our group.

° Ag colloidal nanoparticle-incorporated plasmonic TiO;
(nanofiber/nanoparticle) double-layer electrodes for Quantum dot sensitized
solar cells.

The overall efficiency and short-circuit current density of the plasmonic QDSSC are
enhanced by 15% and 23%, respectively, with respect to the QDSSC without Ag
nanoparticles. The enhanced performance of the plasmonic QDSSC is evidently due
to the enhanced optical absorption by localized surface Plasmon resonance effect by
the Ag nanoparticles in the TiO, double layer photoanode and the resulting increase
in the short-circuit photocurrent.

° Hierarchically structured TiO2 microspheres (MS) for efficiency
enhancement in Dye Sensitized Solar cells.

TiO, P25/ TiO, MS based DSSC delivered a highest short circuit current density of 14.80
mAcm™ with an efficiency of 7.38%, while the efficiency of DSSC fabricated without a
scattering layer showed only 6.68% efficiency. The efficiency enhancement is largely
due to the improved photon absorption facilitated by superior light scattering as well
as higher dye loading byTiO,microspheres.

° Effect of polyaniline on the performance of dye sensitized solar cells
fabricated with poly(ethylene oxide) based gel polymer electrolytes.

The DSSCs fabricated with 1.5% PANI incorporated polymer electrolyte showed an
efficiency of 6.56% while the DSSCs without PANI in the electrolytes showed an
efficiency of 5.00% under the illumination of 100 mW cm? (AM 1.5) simulated
sunlight.

Overall performance of the Project

All our projects were focused on developing low cost and high efficiency dye
sensitized solar cells in order to fabricate solar panels which can be used to provide
solar electricity at affordable prices to the industries and households in Sri Lanka.
These solar cells are still in their research stage and it will take a couple of more years
for them to be developed as proto-type solar panels to produce electricity. These are
in line with the renewable energy policy of the government.
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7.2.3. Earth Resources and Renewable Energy research project
Project Leader- Prof. N.D. Subasinghe

Introduction to Research Project
Main aims of the ER & RE project are to find and develop new energy and earth
resources as well as to improve the efficiency of selected existing resources.
Sustainable utilization of known mineral deposits as well as finding hitherto unknown
deposits will contribute to the economic development of the country. Understanding
the nature of mineral resources and rocks as well as the geothermal resources in Sri
Lanka will shed more light on the origin of lithological zones of Sri Lanka. Mapping
natural radon levels and evaluation of mineral resources, with a focus on their origin
and economic potential are also carried out as sub projects.
A pioneering research project on Thermoelectricity focusses on generating electricity
directly from heat, as well as to increase the overall efficiency of an existing system
by ‘scavenging’ and converting waste heat to electricity through co-generation.
Evaluating geothermal resources: Field work was carried out in selected areas to
collect subsurface information using geophysical methods.
Resistivity (2-D profiling) and magnetic surveys were carried out around Nelumwewa
and Mahapelessa areas, mainly to understand near-surface features. In addition,
previously collected magnetotelluric and TDEM data were processed, inverted and
interpreted to get information on deeper structures. This information will help to
understand the origin of geothermal springs and evaluate their potential for
development.

Exploring new earth resources & understanding existing ones: A large number of rock
and mineral samples were collected around the country and analyzed to understand
their mineralogy, mineral reactions and possible origin. Petrological analyses were
mainly carried out using optical microscopes. Mineralogical and geochemical analyses
were also carried out.

Development of new low-cost thermoelectric material and modules: Experiments
were conducted to develop thermoelectric material using products based on Sri
Lankan graphite. Thermoelectric materials can convert heat into electricity without
any intermediate stages. Graphene oxide and and reduced graphene oxides were
successfully used as thermoelectric material

Developing renewable energy sources and improving the efficiency of energy use are
imperative to save energy as well as the environment.

Thermoelectric generators can convert any type of heat, especially waste heat into
useful electricity. Production of thermoelectric material from low-cost, locally
available mineral (Sri Lankan graphite) was attempted and the results are promising.

A low-cost thermoelectric module capable of charging mobile phone using a candle or
oil lamp was developed. This can be used as an emergency power-on-demand device,
or in outdoors where no other charging source available.
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7.2.4. Energy & Advanced Material Chemistry research project
Project Leader — J. Bandara

Introduction to Research Project

The main objective of the Energy & Advanced Material Chemistry project is to carry
out research on renewable energy and specifically our research is mainly focused on
chemistry and physics of new materials for the conversion of solar energy into
chemical and electrical energies. Under the broad theme of solar energy conversion
into useful energy, the project has several sub-projects such as
photocatalysis/catalysis, solar cell and environment remediation. In the
photocatalysis project, we construct artificial chemical devices mimicking
photosynthesis to collect, direct, and apply solar radiation, for example to split water,
convert atmospheric carbon dioxide and thus produce various forms of
environmentally clean fuels. Our research is mainly focused on the production of
hydrogen by water splitting reaction where hydrogen is considered to be the future
energy source. Also, water splitting reaction is still one of the unresolved problems in
physical chemistry and we are trying to understand how an electromagnetic energy
be efficiently converted to chemical energy? i.e  can water be efficiently split to
hydrogen and oxygen using solar energy? Can we convert CO; into useful chemicals?
Additionally, the group is actively carrying out research on environment remediation
where we investigate novel low-cost water and air purification methods for
abatement of industrial pollutants by using sunlight.

Activities carried out during the year

Hydrogen production by Photocatalytic water splitting is considered as one of the
most important renewable paths but a reliable hydrogen production system yet to be
achieved. The biggest problems encountered in photocatalytic water splitting systems
are that poor response of the most of the stable photocatalyts to visible light and it is
challenging to achieve an efficient separation of excited charge carriers, i.e electrons
and holes. Introducing of defects in high bandgap materials is one of the promising
strategies to  simultaneously tailor the band gap and control the life time of
photoexcited electron—hole pairs. A strategy was developed to induce oxygen
vacancy defects in SrTiO; powders via the reaction of NaBH, at high temperature
(550°C) in the presence of a mixture of Ar:H2 gases. The high temperature treatment
of SrTiO; powders resulted in electron doping of SrTiO; due to oxygen vacancies
triggers the development of a highly visible active SrTiO; photocatalyst with a
remarkable 10-fold enhancement of H; evolution activity. In highly reduced SrTiOs,
deeply trapped stated are filled by electrons via reduction treatment (or electron
doping) and the findings can be easily adapted to other high-band gap semiconductors
to enhance the visible light photocatalytic H, generation reaction.

Thin-film solar cells technology is one of the solutions for expensive silicon solar cells.
Antimony sulfide (Sb,Ss) solar cells have demonstrated an efficiency exceeding 7%
with a liquid electrolyte when assembled in an extremely thin absorber configuration
deposited via chemical bath deposition. We developed solid type Sb,Ss solar cells with
P3HT as hole conductor material. The efficiency of the Sb,S3/P3HT based solar cell is
~4.0% and exhibit high stability under ambient conditions. Investigations are being
carried out to enhance the solar cell efficiency of these solid state solar cells.

Developed Solutions to address current issues in the country
We have developed a laboratory scale reactor for the treatment of waste water of
service station and the laboratory scale reactor was further developed and scaled up
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to treat the waste water in service stations. Trials will be carried out in coming
months.

7.2.5. Environmental Science Research Programme
A. NIFS Water Research Project
Project Leader — Professor Rohan Weerasooriya

Introduction to Research Project

Most researchers often consider environmental science as an applied discipline.
At what underlying fundamental level of understanding does environmental
research need to attain to evaluate the delicate processes that control nature?
The NIFS Environmental Science Research Program is formulated on molecular
level addressing of hitherto date unsolved Sri Lankan environmental problems
that have no or ambiguous solution in the world. The NIFS Environmental Science
Program Water Research Group focuses on the atmospheric, water, and soil
ecological processes and to elucidate intrinsic factors that control water quality.
During the year 2020, the researchers from national, regional and international
laboratories collaborate to unravel the mystifying behaviour of natural water
quality.

Activities carried out during the year

Electrodialysis reversal (EDR) process contains a frequent reversal of the direction of
applying DC potential to their electrodes. This step added as an extension to typical
electrodialysis (ED) systems to address fouling phenomena observed in ion-exchange
membranes (IEMs) by performing a "self—cleaning" mechanism. However, membrane
fouling in IEMs is still challenging to EDR based desalination applications regardless of
its "self—cleaning" mechanism. The aim is to assess the suitability of the method to
remove salinity and hardness from 37 locations of the dry zone. A membrane-based
method based in our laboratory will use as the reference for efficiency assessments.
Additionally, anode materials required for the EDR process will develop using Sri Lanka
vein graphite as a starting material. Within the year, the modified EDR system will
operate at a laboratory scale.

Electrochemical sensor development: We will synthesize three-dimensional reduced
graphene oxide with varying degree of wrinkles and folds. The morphology of the
reduced graphene will also be engineered by an etching to reduce self-aggregation.
The properties of the graphene with different etching will also be characterized.
Modified glassy carbon electrodes will develop using new materials for rapid
detection of toxic metal ions by in situ electrochemical methods. In separate work,
the nitrogen-doping graphene (N-rGO) will be synthesized by one-pot facile
hydrothermal method for electrochemical detection of trace metal ions. Here, the
nitrogen-rich urea will be selected as N precursor and intrinsically modified the
electronic properties of graphene. The theoretical band structure, band gap and
density of states (DOS) of graphene, rGO, N-rGO, and Hg(II) with N-rGO will be
computed using Quantum Espresso (QE) (public domain code).

New Proposals for Funding: Kandy Lake Restoration and Kelniya River shed
management proposals will formulate for funding. The Kelaniya River watershed
proposal will submit collaboratively with the Adjunct Professor (Prof. Wei) for funding
from China.
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B. Materials development & pollution remediation
Project Leader — Dr. Lakmal Jayarathna

Introduction to Research Project

Environmental Science research program has been considered as an area of both basic
and applied science. However, at NIFS it takes a different perspective in setting up
environmental research programs. In essence the NIFS Environmental Science
Research Program focused on addressing the fundamental scientific aspects of
pressing environmental problems in Sri Lanka with global interest. Environmental
pollution is one of the major results of modern development. Remediation of
pollutant materials from water, soil and air is the most focused. Monitoring and
understanding of the basic and fundamental mechanisms of the pollutant materials
in nature is much more important. Advanced materials such as nanomaterials and
composite materials play vital role in various applications.

Goals & Objectives of the project are development of smart nanomaterials for
pollution control and remediation employing zeolites, composite materials, Sri Lankan
vein graphite and solid wastes and value addition to local materials by converting it
to high demanding end products. For that, under-utilized and cheaper row materials,
waste products utilized to develop new materials.

Activities carried out during the year

Activity |

Synthesis of Nano- zeolite-A (LTA) with aid of SDS as particle size-controlling Agent
Activity Il

Synthesis, characterization and determination of the catalytic activity of Fe and Cu
modified zeolite catalysts.

Activity llI

Zeolite based catalyst for NOx, SOx reduction

Activity IV

Surface modification of super-paramagnetic Magnetite nanoparticles for bio-
conjugation

Activity V

Development of rapid lateral flow diagnostic kit for Dengue

Significant scientific research findings and inventions during 2019:
. Development of environmentally friendly method to synthesis nano zeolite.
. Method of lateral flow detection kit for dengue.

C. Air Pollution & Risk assessment
Project Leader- Dr. G. Bowatte

Air pollution is a global public health issue. Annually about 7 million people die from
air pollution exposure. It is the top environmental risk factor associated with burden
of disease. In Sri Lanka, air pollution exposure is a neglected health risk for humans.
Air pollution is ubiquitous and whole population in a given areas is exposed.
Therefore, even small increase may pose a high risk at the population level. Exposure
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to air pollution leads to development and exacerbations of respiratory and
cardiovascular diseases. The health burden pose on Sri Lankan economy by air
pollution has significant consequences by affecting economic growth as well as
welfare.

Air pollution modelling is used to estimate population/individual level exposures
which are important in health risk assessments. Research project at the “Air Pollution
Modelling and Health Risk Assessment” group aimed at modelling air pollution in Sri
Lankan urban and rural areas, estimating health risk associated with air pollution and
evaluating performance of air pollution control methods. Hence, the information
generated can be utilized to identify vulnerable groups, high risk areas, provide
recommendations to implement policies to reduce pollution. The research of this
group will provide evidence targeted at controlling air pollution by implementing
policies.

7.2.6. Evolution, Ecology & Environmental Biology research project
Project Leader - Prof. Suresh P. Benjamin

Studies in my lab are currently on plants and animals in terrestrial and freshwater
ecosystems worldwide, with a special focus on the Western Ghats-Sri Lanka
biodiversity hotspot. The primary focus, however, is the largely unchartered fields of
invertebrate and small plant biodiversity. The invertebrate fauna of our country
remains largely unexplored, with most studies originating during the colonial period.

Activities carried out during the year
*  Molecular Phylogeny of Goblin Spiders with a Revision of Selected Genera
(Araneae: Oonopidae) of Sri Lanka
*  Molecular Phylogeny and Systematics of Jumping spiders (Araneae:
Salticidae) from Sri Lanka

7.2.7. Food Chemistry research project

Project Leader — Prof. J.M. Nazrim Marikkar

Introduction to Research Project

Food Chemistry project at NIFS focuses on exploring the application of food chemistry
to add value to under-utilized plant resources to address food security. Food security
is a problem of national importance for Sri Lanka in the context of climate change. In
this backdrop, adding value to the under-utilized resources is a good strategy as Sri
Lanka is a tropical country with a rich bio-diversity of plant resources.

Activities carried out during the year

Ms. S.S.K. Marasinghe, research assistant, participated and presented a paper at the
International Tropical Agriculture Conference TROPAG 2019, Brisbane, Australia, 11-
13" November 2019. She again participated and presented another paper at the
International Conference on Agriculture and Food Security 2019, Colombo, Sri Lanka,
08-09™ August 2019. She again made a presentation at the Young Scientists’
Symposium of National Institute of Fundamental Studies, Kandy, Sri Lanka,12®" June
2019. Ms. Rasika Gunarathna, research assistant, participated and presented a paper
at the RESCON-2019 conference of PGIS, University of Peradeniya. Prof. Nazrim
Marikkar participated as a resource person at the Stakeholders’ Workshop for
curriculum revision of BSc (Food Sci & Technol) program of University of Peradeniya.
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| addition, he acted as a resource person and or a member of the scientific committee
to review manuscripts submitted for several international scientific journals,
Nutricon-2019 international conference, and RESCON-2019 conference of PGIS,
University of Peradeniya.

Prof. Nazrim Marikkar and Ms. Rasika Gunarathna participated as a resource person
in the Shilpasena Exhibition held from 26 — 29" September 2019.

Developed Solutions to address current issues in the country

During the year, research focus was given to utilization of coconut testa as a by-
product generated from coconut processing industries in Sri Lanka. As wet coconut
testa constitute around 18% of the kernel weight, an estimated 30,000 Kg of testa
would be coming out of 100,000 nuts processed by the industries. Our studies showed
that every 2.0 Kg of dried testa would generate about 900.0 g of flour. Hence, roughly,
6750 Kg of testa flour could be generated from 100,000 coconuts. In this way, by-
product utilization would enhance the economic value of coconut.

7.2.8. Material Processing & Device Fabrication research project
Project Leader — G. R. A. Kumara

Introduction to Research Project

This project is involved in basic study and experimentation in Material Processing and
Device Fabrication with an emphasis on graphite, graphite-based devices, carbon
supercapacitors and investigations related to solar cells and other electronic devices
based on new materials primarily generated from local minerals. Work related to
graphite including the exfoliation of graphite, its derivation into graphene plates and
preparation of graphene thin films and their use in electronic devices is also
conducted through this project. Furthermore, the project conducts research in the
area of extremely thin absorber solar cells and the development of hole conducting
materials used in these solar cell devices. The project is also involved with the
conversion of waste materials, such as coconut shells, to highly porous and
electronically conducting activated charcoal for versatile applications in electronic
devices such as supercapacitors and counter electrodes of solar cells. Use of expanded
graphite derived from Sri Lankan vein graphite is also tested in relation to water and
air purification and cleaning of oil spills in water.

Activities carried out during the year

A simple procedure is discovered for producing high electrical conductivity and highly
porous activated charcoal from coconut shells. This activated coconut shell charcoal
was used for preparation of supercapacitor electrodes, which gave the capacitance
elevated to the level of 175 F/g. Supercapacitor electrodes are usually fabricated using
powdered activated charcoal and binder. We have replaced the synthesized binder
with natural jack fruit latex, hence durability of capacitor was increased due to jack
fruit latex binder insoluble in aqueous solution. Another application of this activated
charcoal was depositing them on conducting tin oxide glass as a thin film, to be used
as the counter electrode for dye-sensitized solar cells (DSCs). The efficiency of the
solar cell 7.85% obtained exceeds, values obtained from other forms of activated
carbon derived from bio-materials. Ability of using ionic liquids as solvents for
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electrolytes in DSCs has been studied since low boiling points and high vapor
pressures of organic solvents limit the long-term stability of DSCs. Another area of
work has done by this period was fabrication of perovskite solar cells using Cul as hole
transporting material which leads to obtain 8% efficiency with simple pressing
method of Cul. Designed and developed a novel, low-cost, one-step method to
recover waste graphite attached to wall rocks of graphite mines using a simple
chemical solution and to convert the graphite powder thus obtained to super
expanded graphite. We have developed a novel and innovative method to remove oil
in oil spills and to recover the spilled oil using this super expanded graphite. Further,
super expanded graphite derived from this process was used for the production of
graphene.

Developed Solutions to address current issues in the country

Oil spills are a world-wide problem and cleaning of oil spills involves tedious and
expensive procedures. We initiative to commercialize the applications of super
expanded graphite for spilled oil removal and electrode fabrication during this period.
Electronically highly conducting and porous activated coconut shell charcoal was
prepared by an innovative novel process which can be carried out in isolated domestic
scale or in large industrial scale to convert and add a great value for the material to
be used in electronic industries as well as in water and air purification. Usage of this
waste product of coconut shells supporting the national effort of eradicating dengue
and other mosquito-borne diseases.

7.2.9. Microbial Biotechnology research project
Project Leader — Prof. Gamini Seneviratne

Introduction to Research Project

For non-legumes like rice, maize, vegetables, tea etc., we invented Biofilm
biofertilizers (BFBFs) in 2003. This was commercialized in 2014. For rice paddy, this
was researched in collaboration with RRDI, Batalagoda, and first introduced to
farmers’ fields in 2015, and the product was commercialized in 2016 in small scale.
Thus far, the effectiveness of BFBF has been proven over thousands of acres by
reducing chemical fertilizers NPK used by the farmers up to 50%, while increasing
paddy yields from 10-30%. In the future, this will save billions of rupees to the country
by cutting down chemical fertilizer’s imports, while also saving the health of people
and the environment. This program is also in line with HE the President’s concept of
introducing organic and biofertilizers to agriculture in Sri Lanka.

Activities carried out during the year

During 2019, we studied the effects of BFBF application on environmental and health
aspects. In one study, paddy soil carbon sequestration (SCS) or storage with BFBF
application was analyzed and compared with that of farmers’ chemical fertilizers (CF)
alone application in 25 representative locations in several districts of Sri Lanka
throughout three consecutive seasons Yala 2018, Maha 2018/19 and Yala 2019. This
is important for reducing atmospheric CO, content, which leads to mitigate global
warming and climate change. Further, this can earn foreign exchange through carbon
trading, i.e. highly CO, emitting industrialized countries pay to countries which store
C through SCS in their soils. Interestingly, it was found that if we would convert total
annual paddy cultivation of ca. 2.5 million acres from farmers’ CF practice to BFBF
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practice, we would be able to add another ca. 190 billion rupees to the country’s
economy in the next five years. A similar effect was observed in tea cultivation too. In
another study, we developed a simple lab method to detect whether leafy vegetables
are organic or not. Here, a simple lab culturing of leaf disks for microbial growth was
used as an indicator to detect this.

Developed Solutions to address current issues in the country:

In 2019, the BFBF was introduced to 4,000 acres of rice cultivations in Hambantota,
Polonnaruwa, Kurunegala, Ampara and Mahiyanganaya. This reduced CF use by
farmers up to 50%, thus saving human health, economy and the environment.

Paddy SCS will address the issue of global warming and climate change.

7.2.10. Molecular Microbiology & Human Diseases research project
Project Leader — Prof. D. N. Magana-Arachchi

Introduction to Research Project

Our research was focused on microbial ecology in different environments and the
effect of microorganisms on human diseases. We concentrated on both
communicable (CD) and non-communicable diseases (NCDs) that affect humans
globally and nationally and tried to understand these scientific problems on a
molecular microbiological scale.

Activities carried out during the year

The main six research activities of the year 2019 were, research on pulmonary
diseases and microorganisms in which the study on role of lung microbiome in lung
cancer and bronchiectasis patients was completed. The study on Genetic
characterization of drug resistant Mycobacterium tuberculosis from Sri Lankan and
Pakistani TB patients and identification of their associated biomarkers is in progress
while the study on identifying Mycobacterium tuberculosis isolates belonging to the
Beijing lineage from TB patients in Kandy, Sri Lanka was also completed. The other
five research activities are study of diversity and distribution of thermophilic
microorganisms in hot springs of Sri Lanka: A metagenomic approach,
characterization of resistomes in selected environments of Sri Lanka, an
epidemiological study on Asbestos related occupational health problems among
asbestos industry workers in Sri Lanka, enrichment mechanism of CKDu-risk factors in
ground water, their uptake pathways and potential remedies and to conduct balloon
flights over Sri Lanka to detect possible ingress of cometary microorganisms &
particulate matter.

e Findings of lung microbiome study revealed that Corynebacterium
tuberculostearicum and Keratinibaculum paraultunense were present only in
lung cancer patients which can be considered as markers for the particular
disease.

e Study on Beijing Lineage Mycobacterium tuberculosis strains, revealed that
26% (95% Cl: 18%-35%) TB patients were infected from Beijing Lineage.
Prevalence of Beijing Lineage was significantly higher among those with high
sputum smear grades (2+ and 3+), who travelled abroad and among young
people who are less than 35 years.
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e Study on impact of microbial air quality on paediatric respiratory health in
Kandy, higher proportion of urban preschool children (57.97%), suffered from
at least one respiratory disease (upper respiratory tract infections, rhinitis,
wheeze, etc.) compared to rural preschoolers (31.17%). Additionally,
inhalation dose rates were also high among urban preschool children, both
indoor and outdoor (2.00 x 10* and 1.05 x 10*cells/kg day).

7.2.11. Nanotechnology & Advanced Materials research project
Project Leader — Dr. A. Wijayasinghe

Introduction to Research Project

Sri Lanka possess a large variety of economically useful minerals that are still exported
as cheap raw materials. Though they have the potential to play a major role in global
nano-tech and other high-tech industrial applications, proper value addition to our
minerals, by upgrading for these applications, is lacking. Therefore, this project highly
emphasizes on performing fundamental, but target oriented, advanced scientific
investigations through developing our mineral resources for those highly profitable
technological applications. Investigation on novel advanced semiconductors for
energy conversion and storage applications, mainly for novel rechargeable batteries,
is another important research area carried out by this project. Under that, a number
of research investigations are being performed to develop transition metal-based
semiconductors by introducing modern nano technological techniques and processes.

Activities carried out during the year

Development of low-cost and performance enhanced advanced materials for energy
conversion using low-cost and nano material synthesis techniques: In order to
understand the mechanisms controlling the morphology and size of particles from
micron to nano scales, the effect of the precursor on crystal growth in nano particle
formation has been investigated under this sub-activity. Moreover, advanced
fundamental scientific investigations have been carried out with an ultimate objective
of developing performance enhanced transition metal semiconductors for the
electrode application of electrochemical energy conversion

Development of materials for the electrolyte and electrode applications in upcoming
Na-ion and Mg-ion batteries: Laboratory cells were tested with our developed Na-Ni-
Mn-Co oxides doped with cheaper transition metals as the cathode material and our
developed Na;TisO7; nano structured anode material. They revealed promising
performance for the electrodes application in Na-ion rechargeable batteries.

Electrochemical performance investigations of Li-ion rechargeable batteries: Our
investigations carried out on locally fabricating of full Li-ion rechargeable coin cell
battery with developed Sri Lankan graphite as the anode material and our invented
nanostructured transition metal oxides as cathode materials, resulted very promising
performance with higher capacity, durability but importantly at a lower cost.
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Overall performance of the Project

“National Center for Advanced Battery Research (NCABR)"”” was established attached
to our project at NIFS. This NCABR is a laboratory facility open for all research groups
working in the country on developing local minerals for battery and energy related
applications. Further investigations have been started to fabricate bigger battery
types such as pouch cells.

7.2.12. Natural Products research project
Project Leader — Prof. U.L.B. Jayasinghe

Introduction to Research Project

The overall objective of the Natural Products Project of the NIFS is the identification
of bioactive extracts and compounds from natural sources, as potential resources for
control of human and plant diseases. Research activities have been focused on the
chemistry and bioactivity of secondary metabolites from plants, fungi (including
endophytic fungi) and edible fruits of Sri Lanka. Another area of research has been the
identification of polyphenols found in tea, medicinal plants, edible fruits and spices
using Liquid Chromatography - Mass Spectrometry (LC-MS) and also studies on the
cause and control of postharvest fungal diseases, the Stem-end Browning and three
physiological disorders, Fruit pitting, Lenticel Darkening and the Internal Pulp
Browning of mango var. TomEJC in edible and export-oriented fruit crops. These
research activities are very wide and represent basic research on the field of natural
products chemistry, pharmaceutical research and new materials.

Activities carried out during the year

Project of the NIFS are mainly on the following four areas.

(1) Investigation of extracts from plant sources and, epiphytic and endophytic fungi,
for use in agriculture and human health

(2) Chemistry and bioactivity of edible fruits

(3) Plant secondary metabolites and LC-MS profiling of bioactive extracts

(4) Study of the cause of management of postharvest diseases and disorders that
adversely affect the export potential of mango var. TomEJC.

Chemistry and bioactivity of fungi associated with medicinal plants, edible fruits:
Currently we are studying the chemistry and bioactivity of secondary metabolites
produced by the endophytic fungi isolated from some medicinal plants. Several
secondary metabolites with interesting structural features and some useful
bioactivities have been isolated.

Enzyme inhibitors from plants: Secondary metabolites isolated from Myristica
fragranc, malabaricone C (1), 3-(3-methyl-5-pentyl-2-furanyl)-2(E)-propenoic acid (2),
licarin A (3), maceneolignan B (4) and elemicin (5). Compound 1 showed the highest
AChE inhibitory activity (ICsp 2.06 * 0.04 pug/mL) and antioxidant activity (ICsp 6.56 *
0.02 pg/mL) while compound 2 displayed the most potent a-glucosidase inhibitory
activity (ICsp 50.91 + 0.01 ug/mL). This is the first report of a-glucosidase inhibitory
activity of2. Results indicate that the aril of M. fragrans showed good
anticholinesterase and a-glucosidase inhibitory activities and antioxidant effect in-
vitro that have a potential to be use as the treatment of Alzheimer’s disease.

Fungal Metabolites: Secondary metabolites were isolated from an endophytic fungus
Biscogniauxia capnodes and identified as Chromatographic separation of this extract
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furnished 2 isocoumarins, reticulol (1) and 6-O-methyl-reticulol (2), and 2
dihydroisocoumarins, 5-methylmellein (3) and 7-hydroxy-5-methylmellein (4).
Compound 1 showed moderate antioxidant activity against 2,2'-diphenyl-1-
picrylhydrazyl radicals (ICso value, 58 pug/mL). This is the first report of the isolation
of B. capnodes as an endophyte, as well as the compounds 1 to 4 from B. capnodes.

Postharvest diseases and disorders of mango var. TomEJC: Eight fungal pathogens
associated with the Stem-end Browning (SEB) were isolated and identified, their
pathogenicity was confirmed. Pre- and postharvest management practices were
established and recommended. The cause of fruit pitting was shown to be a deficiency
of elements through fruit tissue analyses by ICP. Addition of a supplementary fertilizer
mixture reduced the incidence of fruit pitting below 1% which was recommended for
pitting management. Lenticel Browning (LD) results from entry of excess water into
lenticels and could be reduced by altering certain postharvest handling practices.
Development of Internal Pulp Browning (IPB) was found to be related to some
physiological and weather factors. The disorder could be prevented by alteration of
fruit harvesting criteria.

Overall performance of the Project

e Continuing the of the identification of biological active extracts / compounds
from Sri Lankan plant and fungal flora

e Complete understanding of the causes of a postharvest disease and three
disorders and development of pre- and postharvest management practices.
Overall, the outcome of the project significantly reduced the loss of good
quality fruits to be harvested and postharvest losses and also increased the
availability of exportable mango fruits.

7.2.13. Nutritional Biochemistry research project
Project Leader —Dr. Ruvini Liyanage

Introduction to Research Project

Nutritional Biochemistry project focuses on various aspects of functional and
nutritional properties of foods and covers a wide area like functional and nutritional
properties of food, food safety, and bioavailability of food to improve health and well-
being of people. Findings would help to make healthy food choices, reduce disease
and illness risks, and to gain knowledge of nutritional and functional properties of
both utilized and underutilized foods.

Activities carried out during the year

In year 2019, Nutritional Biochemistry Project focused mainly on three projects as
described below.

Functional and nutritional properties of food: Under this research theme, studies are
done to assess the antioxidant, enzyme inhibition (amylase, glucosidase, and lipase),
radical induced DNA damage prevention and identification of active compounds. In
addition, in vivo and cell culture studies are also done for further confirmation of
functional properties. At present there are three ongoing studies such as assessing
functional properties of some starches and commonly consumed Ayurvedic plants in
Sri Lanka and investigating nutritional and physicochemical properties of raw and
processed Artocarpus nobilis seeds native to Sri Lanka.
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Bioavailability of food: Bioavailability is the degree to which food nutrients are
available for absorption and utilization in the body. It is a critical issue for many
nutritional concerns. In this study, bioavailability of nutrients and antioxidant
compounds in legumes have been studied. Further, the effect of boiling and simulated
digestion on prebiotic activity of legumes have been studied.

Effect of Biofilm-biofertilizer on nutritional and other functional properties of rice:
Biofilm biofertilizer was developed at NIFS with the aim of reducing chemical fertilizer
usage to minimize the environmental pollution and to reduce the cost of agriculture.
Although this fertilizer has been introduced to various crops already the effect of this
fertilizer on nutritional and functional properties of crop harvest have not been
studied. Thus, in this study in collaboration biofilm biofertilizer (BFBF) project at NIFS,
nutritional biochemistry project has been investigating the effect of BFBF on
nutritional and biochemical properties of selected rice varieties grown in Sri Lanka.

Developed Solutions to address current issues in the country

All the above studies were conducted to find solutions for non-communicable
diseases in Sri Lanka. Findings are useful to validate the health benefits and bioactive
properties of Ayurvedic plants and to identify most suitable starch sources for
diabetes. From the preliminary findings it was observed that there is a favorable effect
of biofilm biofertilizer on nutritional and functional properties of rice varieties and
this would be helpful in popularizing the usage of BFBFs in Agriculture.

7.2.14. Plant & Environmental Sciences research project
Project Leader —Prof. M.C.M. Igbal

Our research is concerned with (i) Environmental Remediation of pollutants using
plants and plant biomass, (ii) Synthesis of metal organic Frameworks (MOFs) to adsorb
pollutants, (iii) Recycling phosphorous from waste water, and (iv) Micropropagation
of tree species for Restoration of degraded dry forests.

Our researchers have identified the use of plant materials, and polymer-silicate
materials to remove heavy metals and textile dyes from wastewater. A MOF was
synthesized capable of converting carbon-dioxide gas (CO;) to useful organic
compounds. To recover phosphrous from farm effluent water, aquatic plants were
identified, which after absorption of phosphorous can be used as a bio-fertilizer.

To restore the degraded dry forests in Sri Lanka and restore the ecology, different
applications of plant tissue culture technique in forest improvement were conducted.
We developed experimental techniques such as organogenesis and embryogenesis
with different plant parts to micropropagate the tree species (Madhuca longifolia and
Manilkara hexandra). Plant micropropagation technique was applied on Stevia
rebaudiana, a plant species identified as a non- caloric, zero glycemic alternative
sweeteners. Due to its poor germination, tissue culture protocol was developed to
produce a large number of plants with improved vegetative mass using Coconut water
as low-cost natural media enhancer.

Activities carried out during the year

Submission of research articles, attending to national and international conferences,
Conducting Lectures and practical sessions for GCE A/L students (Tissue culture),
Training was conducted for potential entrepreneurs who wish to start new ventures
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in plant tissue culture), Training and guiding undergraduates and participated in
national exhibitions Shilpa Sena.

o Development of adsorbents to remove textile dyes and heavy metals.

e Identification of phosphate hyperaccumulators.

e Protocol development for mass propagation of Stevia rebaudiana.

e Publications in peer reviewed journals, conference abstracts and a book
chapter.

7.2.15. Plant Stress Biology & Molecular Genetics research project
Project Leader —Prof. S. Seneweera

Introduction to Research Project

Creating global benchmark yields in paddy and minor crops:

The current national average rice yield is close to 4.2 MT per hectare which increased
from around 2 MT/HA in the 1970’s to 4.2 MT/HA by the early 2000s. The current
average yield remains stagnant despite 95 percent of Sri Lanka’s rice crop extent being
brought under improved cultivars. Traditional cross hybridization and selection is still
a widely used strategy for developing cultivars with a higher yield in Sri Lanka. The
already low yield potential of Sri Lankan rice is further challenged by the following
factors; increase in the cost of production, and inevitable climate change. A major
knowledge gap in understanding key traits and genetic components contributing to
rice yield and how physiological and molecular traits interact with the environment to
maintain the yield potential still exists. The root cause for the low yield potential of
Sri Lankan rice is the decades of negligence in the adaptation of new scientific
technology in plant breeding. In the developed world, advanced plant breeding
techniques like gene mapping, high throughput phenotyping, and gene editing based
crop improvement are widely used, making significant progress in yield enhancement.
However, in Sri Lanka, such genetic and molecular tools in plant breeding are not
being used. In this project, we propose an innovative methodology to increase rice
yield potential by designing a new ideotype. This will be achieved by identifying key
physiological and biochemical traits associated with rice yield together with genome
mapping and transcriptome comparison. The proposed study will adapt
multidisciplinary sciences including transcriptomics, bioinformatics, biotechnology
and plant physiology. The final objective is to generate fundamental knowledge to

develop a new plant ideotype having high yielding potential and climate insensitivity,
ultimately delivering greater socio-economic dividends.

Develop plant demand-based nitrogen fertilizer using hybrid nanomaterial:

Nitrogen (N) is the element that plants require in the highest quantity. Availability of
N is one of the keys limiting factors in crop productivity in agricultural systems.

Uptake, assimilation, translocation and remobilization are the main steps involved in
the use of N by plants. Plant N uptake from the soil depends on environmental
conditions, soil type and plant genotype. Approximately, 50-70% of N applied to the
soil is lost, mainly due to surface run-off, leaching of nitrates and volatilization of
ammonia. Extensive use of N fertilizers results in excessive emission of N,O, a major
greenhouse gas that largely contributes to global warming. Therefore, one of the
major research challenges today is to improve the nitrogen use efficiency of crop
plants. Nanotechnology is being identified as a new avenue to improve nutrient use
efficiency. Fertilizers can be designed in such a way that they release nutrients in a
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controlled manner which synchronizes with the needs of plants. Therefore, we aim to
develop an environmentally friendly, cost effective, biodegradable, controlled release
nano fertilizer system with high nitrogen use efficiency.

Activities carried out during the year

Creating global benchmark yields in paddy and minor crops:

has obtained breeder seeds of 20 local rice varieties available in RRDI, Bathalagoda,
11 local rice varieties from Ambalanthota and Labuduwa, and 50 traditional varieties
from PGRC and have initiated seed germination for multiplication process. Another
50 international cultivars have also been obtained to be utilized for this study. DNA
has already been extracted from local rice varieties and all DNA will be subsequently
genotyped using high-density rice array (HDRA) that consists of 700,000 SNPs to utilize
them for high throughput genotyping. Association mapping will be employed to
identify specific functional genetic variants linked to phenotypic differences in a trait
to facilitate detection of trait causing DNA sequence polymorphisms. These genetic
traits will be utilized to develop a rice ideotype having a higher yield potential.

Develop plant demand-based nitrogen fertilizer using hybrid nanomaterial:

We have synthesized 4 different types of nanoconjugates and characterized these
materials using Fourier Transform Infrared Spectrometry (FTIR), particle size analysis
(PSA), X-Ray diffraction and CHN Analysis. The testing of these materials with rice
plants is under way.

7.2.16. Plant Taxonomy & Conservation research project
Project Leader - Prof. D.S.A. Wijesundara
Introduction to Research Project

The Plant Taxonomy and Conservation project focusses primarily on,

a) Taxonomic and Biogeographical Studies of flora of Sri Lanka,

b) Restoration Ecology,

c) Sustainable Use of Sri Lankan Plants,

d) Factors affecting the conservation of flora of Sri Lanka including Invasive Alien
Species, and

e) Preparation of the National Red List for flora.

One of the main tasks of this project is to maintain and develop the NIFS-Popham
Arboretum at Dambulla.

Activities carried out during the year

The woody vegetation of one third of the NIFS-Popham Arboretum was mapped on a
GIS map. The research on restoration ecology and regeneration is continuing. The
interpretative signage including maps and informative panels on both flora and fauna
within the arboretum established. The foot bridges, camp site toilet and
accommodation facilities were renovated.

A research project on factors affecting photosynthesis of trees at the NIFS-Popham
arboretum conducted was initiated and the research activities on natural products
from medicinal and invasive plants were carried out in collaboration with Universities
of Peradeniya and Jayawardenapura.

During the field visits conducted, 30 species out of 31 recorded species of genus
Syzygium in Sri Lanka were collected. The collection is included 250 specimens which
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contained voucher specimens, DNA samples and reproductive material collected in
FAA for dissection.

Work related to the compilation of National Red list for flora was continued with the
assistance of expert teams conducting meetings at the National Herbarium.

Developed Solutions to address current issues in the country

e Several tree Species that can be used successfully in reforestation work in the dry
zone were identified

e Some antifungal compounds were extracted from Invasive Alien Plant species

e Some extremely rare and endangered plant species were rediscovered and
included in the National Red list

7.2.17. Primate Biology research project
Project Leader —Prof. W. Dittus

The research involves observational studies of monkeys (primates) in their natural
forest habitats. Our aims are to: (1) establish new knowledge concerning the
evolution of social behavior in primates; (2) provide a scientific basis for nature
conservation; and (3) disseminate new knowledge through scientific publications and
professionally produced documentary films. These popular media serve not only to
educate and entertain, but also to gain public support for conservation in the local
and international communities. To date more than 30 such documentaries have been
produced, more are planned for the future. The films also advertise a positive image
promoting tourism in Sri Lanka.

We test scientific hypotheses of social evolution and behavioral ecology through an
interdisciplinary approach that examines the Darwinian outcomes (in terms of survival
and reproductive success) of the various inter-relationships among parameters
involving population genetics, genealogy, anatomy, epidemiology, physiology,
environment and behavior. In practice, at our study site at Polonnaruwa (Sri Lanka),
we have identified several thousand individual monkeys. For each macaque (Macaca
sinica sinica Linnaeus 1771) we have monitored its behavioral, genealogical,
ecological and demographic history. To this end we require large samples over an
extended period to assure statistical soundness (longevity on wild monkeys may
exceed 35 years).

7.2.18. Quantum Physics & Applied Electronics research project
Project Leader —Prof. Asiri Nanayakkara

Introduction to Research Project

In Theoretical Physics and Computational Studies Research Unit at NIFS, we use the
tools of theoretical and computational physics to address, explain and understand the
physical world surrounding us. This research unit consists of projects under the areas
of foundations of quantum mechanics and Single Bubble sonoluminescence
(Mysteries of Energy Focusing Phenomena). Specifically, the Quantum Physics
Research Group is currently engaged in investigating fundamental aspects of
Quantum to Classical Transition, Quantum chaos, Quantum Computing and Quantum
non-locality.
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Activities carried out during the year
During 2019 we continued carrying out several investigations with regards to
guantum and classical correlations and periodic nature of quantum random walks.

In the paper (2010 Phys. Scr. T140 014035), Stefanek et al has proved that for any
four-state quantum walk, there cannot be cycles longer than two steps. Our
investigations revealed that they have not used the most general form of
characteristic polynomials in their proof. Consequently, the result is not generally
valid and hence there can be quantum walks having cycles longer than two steps.

7.2.19. Rhizobium research project
Project Leader —Prof. S. A. Kulasooriya

Introduction to Research Project

Rhizobia are soil bacteria that form symbiotic root nodules with leguminous plants
which enable them to fix atmospheric N, and provide it to host plants. In this project
we isolate, screen and select efficient rhizobia, prepare inoculants with them and
supply such inoculants to farmers to apply to legume crops. By inoculation we
increase nodulation in the targeted host crops, increase their N; fixation and minimize
the application of chemical N-fertilizers such as urea to them. In this manner we have
so far been able to completely replace urea applications to soybean, mung bean,
vegetable bean, groundnut, long bean and the fodder crop clover.

Activities carried out during the year

Development and distribution of rhizobial inoculants continued throughout the year.
Demand for inoculants for vegetable beans increased. A chemical N-fertilizer
response curve done in a field trial with vegetable bean (Phaseolus vulgaris) at
Ankumbura confirmed that urea fertilizer can be replaced completely by inoculation.
Assessment of weed growth in this experiment showed that a 60% reduction in weed
biomass could be obtained by replacing urea application with rhizobial inoculation.
All the rhizobial strains used for field inoculation of different crop legumes were
subjected to molecular characterization. Results showed ten clusters at 70 %
molecular similarity coefficient and four clusters with 100 % similarity. Based upon
the Maximum Likelihood tree search conducted using 16S rRNA gene sequences on
the most commonly used 5 strains, isolates were identified as Bradyrhizobium sp.
(Green Gram), Rhizobium sp. (Soybean, Vegetable bean and Clover) and
Sinorhizobium sp. (Groundnut). This is the first record of Sinorhizobium in Sri Lanka.
Yet another study was done as a part of a M.Sc. research project by a student of the
University of Peradeniya. This was on isolation of phosphate solubilizing
microorganisms associated with legume plants and evaluating their P-solubilizing
abilities using Azolla as a bioassay plant. Among 3 bacterial and 2 fungal isolates
tested, best P-solubilization was obtained with the fungal isolate identified as an
Aspergillus sp.

Extension work for demonstrating and popularizing rhizobial inoculation continued.
Field trials were initiated to test the efficacy of rhizobial inoculantion of groundnut in
collaboration with officers of the Wayamba Provincial Agriculture Department.

Overall performance of the Project

e Continuous use of chemical fertilizers had not only become an economic
burden to the country, but it also aggravates environmental pollution.
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e By rhizobial inoculation it had been possible so far to do away with urea
application to soybean, mung bean, vegetable bean and groundnut.

e  This will minimize both the cost and environmental pollution in the cultivation
of these crops without any reduction in crop yields.

7.2.20. Aversive Geofencing Technology to Mitigate Human-elephant Conflict
Project Leader —Prof. Saman Seneweera

Introduction to Research Project

Anthropogenic activities such as urbanization and agricultural expansion has affected
wildlife populations in many different ways. While in some cases, species tend to
adapt to the changing environments and subsequently thrive, in other instances it has
led to loss of species. With habitat loss and fragmentation, wild animals compete with
humans for limited resources, resulting in conflict. The Asian Elephant (Elephas
maximus) plays a major role in human-wildlife conflict across its range. This conflict
has resulted in the death of both elephants and humans and large-scale damage to
crops and property. Electric fences are the most commonly used method to mitigate
this conflict. However, they are expensive to build and maintain, create undesirable
non-target impacts, and can be ineffective given that elephants sometimes learn to
break these fences. The rise in incidents of conflicts with elephants has triggered the
need to seek alternative and more flexible options to mitigate this problem. Aversive
Geofencing Devices (AGDs- satellite linked warning collars) is a novel approach
currently used on domestic farm animals for grazing management. This system allows
farmers to create virtual fences using computer software, while the GPS collars are
programmed to emit an aversive signal automatically when the animal reaches
virtually fenced boundaries. This recent advance in virtual fencing technology has the
potential to revolutionize the management of human elephant conflict but requires
field-testing and refinement. This project tests the AGD technology on captive
elephants at Pinnawala Elephant Orphanage to determine its effectiveness in
managing elephant movement. If successful, AGDs will then be tested on wild
elephants to determine its effectiveness in managing elephant movement around
human habitations.

Activities carried out during the year

A National Research Council Grant was received in 2019 to carry out this project. The
study is being conducted on selected elephants at the Pinnawala Elephant Orphanage
in a linked series of pen trials focusing on product design, efficacy and the welfare of
elephants. This project is conducted by Prof Saman Seneweera, Mr. Malitha
Senanayake and Ms. Surendranie Cabral de Mel, in collaboration with Dr. Benjamin
Allen, University of Southern Queensland, Prof Devaka Weerakoon, University of
Colombo and Prof Ashoka Dangolla, University of Peradeniya. During the first year of
the project, preliminary data on behavior and fecal samples were collected from
which cortisol hormone (the hormone used as an indicator of physiological stress) was
extracted. The prototype collar that can emit a range of warning signals was also
designed and will be tested on the elephants. Welfare outcomes in response to
warning signals will be determined by studying the behaviour and physiology of the
elephants at different stages of the experiments with AGDs. We have developed a
GPS tracking elephant collar to mitigate human elephant conflict.
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7.3 Progress of the Science Education & Dissemination Unit (SEDU)-2019

Objectives:
Foster the exchange of technical and scientific information among the scientific community &
promote the public understanding of science.

Forums for the scientific community:

e Special lectures: intended to provide a quick forum for the NIFS scientists and Research
Assistants with the eminent scientists visiting the institute and the country

e Journal club meetings: organized for the IFS Research Assistants, for them to get an
opportunity to discuss their research problems with the scientists and their peers

e International/National Workshops, symposia and conference

Promotion of public understanding of science:

To build up a scientific culture and to enhance the science tempo of the school community
workshops, science camps and training sessions were conducted. In addition, the SEDU conducts
programmes for the popularization of science through electronic media as well as printed media.
SEDU is engaged in popularization of science and disseminating research findings of NIFS in
different ways of communication. It holds and daily updates social media networks of NIFS and
SEDU such as Facebook, Twitter, and LinkedIn which easily enable science communication and
dialogue and official websites.

Summary of Progress of the Division, based on the Key Performance Indicators (KPIs)

A. Events Held:

Category Number of Target Group Number benefited
events held

Exhibitions (Local) 03 General Public 185,485

Laboratory visits 08 Scientific & School 220
Community

Special 13 Scientific community 424

Lectures/Discussions

Symposia 2 Scientific community 100

Workshop 03 School Community 170
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B. E-programs:

Programme

NIFS e-outreach
(Status: Ongoing)

Facebook page
Google My Business
LinkedIn

Twitter

Web site

YouTube

Science Message Service
(Status: Ongoing)

Blog

Emails

Facebook Page

Twitter (Sinhala and English)
Website (Sinhala & English)

Science YouTube Channel
(Status: Uploading currently on hold)

Mobile Apps for Science Students

(Status: Uploading currently on hold)
Periodic Elements game App
Sinhala Science Glossary App

Sinhala Science Website
(Status: Currently On hold)

Total benefited

Performance in the year 2019

(Performance Indicators) Number benefited
Post Reached 214,446
Views on Google Maps & Search 179,297
Post Reached 190
Post Reached 5,994
Page Views 22,000
Views for videos 10,166
Page Views 6,701
Emails sent 6,720
Post Reached 99,016
Post Reached 89,159
Page Views 29,559
Views for videos 188,347
Downloads 34
Downloads 6,510
Page Views 6,000
864,639
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7.4

Progress of the Library - 2019

The Library of the National Institute of Fundamental studies continued to provide information
and reference service to NIFS research staff and permitted scientific community on their
inquiry.

The library was engaged in the following services during the year

Provided reference and lending services, document delivery, resource sharing, inter-library
loan facility, information alert services, new item arrivals alert service, sourcing web-based
electronic journals and articles, Scientific Literature Updating Service (SLUS), provision of the
updated and necessary information to the NIFS' administration such as government circulars,
E-code, etc., access to the internet using updated computers and facilitating library users with
photocopying and scanning facilities.

Scientific Literature Updating Service (SLUS)

Scientific Literature Updating Service was set in motion according to the suggestion of the
library committee, and the service is provided to the scientists of NIFS. When a scientist needs
scientific literature updating on a selected topic, the keywords can be forwarded to the
Library. Monthly or weekly updating can be done depending on the request. The NIFS library
started this service before Elsevier and Springer Nature started similar services.

The project of the compilation of research literature of pioneering scientists related to the NIFS
was started by NIFS Library

This is a project set in motion to honor and pay tribute to our former Scientists. In the first
phase, it was decided to collect the literature of the following scientists. Prof. A. Kovoor, Prof.
C. Ponnamperuma, Prof. C. Wickramasinghe, Prof. C.B. Dissanayake, Prof. K. Tennakone, Prof.
S.A. Kulasooriya. We hope to broaden our reach in the next phase. Accordingly, the library
received 17 books written by Prof. C. Wickramasinghe. And also, it received an online access
facility to the research article collections of Prof. C. Wickramasinghe through the center for
Astrobiology in Sri Lanka.

India Corner in the Library

On 9th July 2019, Assistant High Commissioner (AHC) Dhirendra Singh inaugurated India
Corner "Bharat EkParichay (Know India): Sharing knowledge with the world" at NIFS. AHC
presented various books on Indian art, culture, and values to Prof. Saman Seneweera,
Director, NIFS, for the established India corner.

NIFS Library Services in year 2019

250
200 ==@==Book Borrowing
150 Reader Services
100 Article Request (Online)
50 A Other Services Providing
\ / \' (Photocoping & Scaning)
M
0 =

Jan. Feb Mar Apr May Jun Jul Sug Sep Oct Nov Dec
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7.5 Infrastructure development

Followings are the major infrastructure developments that were completed during 2019;

Construction of a new green house at the basement of the old building
Construction of Barbed wire fence at Dambulla arboretum

Installation of 150 KW Solar Energy system

Renovation of Science Education & Dissemination Unit

Renovation of the main auditorium stage

Setting up of the National Battery Lab

7.6 Major instruments purchased

Following major instruments were purchased during 2019

FTIR spectrophotometer

Fume hood acid resistance

Modular Multichannel Electrochemical Impendence
Spectroscopy/Potent stat Galvano
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8. NIFS Staff strength

8.1 Summary of NIFS Staff

NIFS STAFF BY WORK TYPE 2019

Research staff

17%
Qualifications of the Staff members 2019
Below O/L_\
7%
H PhD
m MPhil
MPhil
3% MSc
~__MSc BSc
4% B GCE A/L
B GCEO/L
Below O/L

Age of the staff members 2019

below 31 years

329 B Over 50 years
(]

W 41-50 years
B 31-40 years
below 31 years

41-50 years
11%
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8.2 NIFS Staff 2019 by service Level*

Research Professors
Associate Research Professors
Senior Research Fellows
Research Fellows

Senior Managers | Secretary

Coordinator/SDU

Middle
Managers
Accountant

Chief Technical Officers

Laboratory Manager

Scientific Officer

Senior Assistant Librarian

Senior Personal Secretary to the Director

Tertiary level
Accounts Officer

Administrative Officer
Communication & Media officer
Internal Audit Officer

Secondary Level
Senior Staff Assistants
Technical Officer Grade Il
Library Assistant Gr. Il
Management Assistant Gr. lll

Primary level
Driver- Special Grade

Machinist — Special Grade

Mason - Special Grade

Laboratory Attendant- Special Grade
Record Keeper - Special Grade
Audio Visual Assistant

Karyala Karya Sahayaka- Driver
Office Machine Operator

Driver Gr. Ill

Lapidarist Gr. lll

Machinist Gr. lll

Electrician Gr. llI

Office Aid

Primary Level -unskilled

Service Level* Category Number of
employees
Senior Level
Director 01 (contract basis)
Research staff Senior Research Professors 04

04 (contract basis)
05 (contract basis-01)
03

02 (contract basis-01)

In addition, forty-one Research assistant positions are on contract basis.
*based on 2/2016 circular sub schedule 11l
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8.3 Staff Recruitments & end of service
8.3.A. Staff recruitment 2019

Research Assistants (Gr.l)
Ms. D.M.D.M.Dissanayake
Ms. Rasika Gunarathne
Ms. N.D.U.S.Nakandala
Ms. Maheshika Perera
Mr. U.M.B.Premarathne
Mr. R.A.Rathnayake
Mr. I.B.Samarakoon
Ms. A. Sathkunanadan
Ms. S.M.V.K.Sewwandi
Ms. K.M.De Silva Subaseela
Ms. M. Tharmarajan
Ms. S.M.N.K.Thilakarathne
Ms. D.P.Ubeysekara

Scientific Officer
Dr. Shalini Rajakaruna

Primary Level-Unskilled
Mr. D.W.G.A.C.Dodamwala
Mr. S.M.Malith Hasun
Mr. P.G.N.S.Wijewardane

8.3.B. End of service 2019

Research Fellow
Dr. Gayan Bowatte (resigned)
Research Assistants
Mr. A.M.K.L. Abeykoon (resigned)
Ms. E.M.U.A.Ekanayake (end of contract)
Ms. H.K.S5.N.S.Gunaratne (end of contract)
Mr. G.D.K.Heshan (end of contract)
Mr. J.A.D.M.N.Jayakody (end of contract)
Ms. S.D.Jayasekara (resigned)
Ms. S.K.Jayasekara (end of contract)
Mr. B.A.Y.B.Jayawardena
Ms. M.G.N.Perera (resigned)
Mr. N.B.Suriyaarachchi (resigned)
Ms. M.A.Y.N.Weerasinghe (resigned)
Chief Technical Officer
Ms. D.M.K.Lakshmi Kumari (retired)
Driver (special Grade)
Mr. K.M.Ariyawansa (retired)
Mr. R.S.K.Gunawardena (retired)
Office Machine Operator
Mr. M.A.P.Perera (retired)
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8.4 Capacity Building / Skill Development Programs

Name

Name of the Training Program

Institute / Training Provider

Funding Agency/ Institute

Time period

Mr. Viraj Ekanayake

Distance Learning Course on
“Cyber Security”

Bangladesh Research and
Education Network (BdREN)

Facilitating Distance Learning
using Digital Conference
facility project from
Asi@Connect

One Month

Mr. S. Senthuran

International Workshop
on Introductory Training Course in
Nano fabrication Technologies

Centre for Nano Science and
Engineering (CeNSE), Indian
Institute of Science, Bangalore,
INDIA

Government of India

Eighteen days

H.D. Jayasinghe

Molecular training on plant
systematics

Singapore Botanic Garden

National Herbarium,
Department of National
Botanic Gardens, Peradeniya

Eighteen days

ANNUAL REPORT 2018 [English]

Ms. S.K. Jayasekara International Training Programme | Delhi Institute of Technology, Delhi | Twelve Days
on Biogas Production, Power
generation and Vehicular
Application
Miss. T.K. Bowange International Training Programme | Delhi Indian Technical & economic | Twelve Days
on Biogas Production, Power Cooperation
generation and Vehicular
Application
Ms. J.M.P.S. International Workshop on TDR Colombo International union against Twelve days
Madamarandawala operational research workshop tuberculosis and lung
diseases
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Name Name of the Training Program Institute / Training Provider Funding Agency/ Institute Time period
Ms. J.M.P.S. International Workshop on Asia Colombo International union against Nine days
Madamarandawala SORT IT operational research tuberculosis and lung
course-Module 2 diseases
Ms. D.P. Bopearachchi International Conference Institute of Science (IISc), Institute of Science (IISc), Six days
on Student Conference on Bengaluru- India Bengaluru
Conservation Science (SCCS)
Ms. W.B.C.P. International Workshop Moscow, Russia Ministry of Science, Six days
Weerarathne on Internship in minerological Technology and Research
study of asbestos-bearing
materials by optic microscopy and
X-ray powder diffraction analysis
Miss. S.K. Jayasekara National Workshop Royal Botanical Garden, Fee exempted Three days
on ldentification of non-lichenized | Peradeniya
fungi and Mushrooms
Mr.L.C.U.S.B Bamboo Processing in Sri Lanka United Nations Industrial Global Environment One day
Lekamge Development Facility (GEF)

Organization (UNIDO)
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9. AUDITED FINANCIAL STATEMENT 2019

9.1 Summary of Financial Results

9.1.1 Comparison of Expenditure with previous years

9.1.1.1Recurrent Expenditure comparison- five years

Rs.”000
2015 2016 2017 2018 2019

Personnel Emoluments | 113,491 | 122,808 | 122,430 | 137,142 | 157,177
Other recurrent 61,473 67,293 76,188 | 77,815 69,062
expenditure

Total 174,964 | 190,101 | 198,618 | 214,957 | 226,239
250,000

200,000

150,000
100,000
50,000
0

2015 2016 2017 2018 2019
H Personnel Emoluments Other recurrent expenditure H Total
9.1.2.Capital Expenditure comparison- five years
Rs.”000
Year 2015 2016 2017 2018 2019
Acquisition of fixed 741 4,782 5,874 | 19118 | 15,813
assets
Building Construction 43,852 | 125,261 | 110,674 | 58,374 | 66,025
Research & - - - | 15,458 3135
Development
Total 44,593 | 130,043 | 116,548 | 92,950 | 84,973
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9.2 Summary of financial results for the year ending 31.12.2019

Recurrent Capital
Amount (Rs. ‘000) % Amount (Rs. 000) %
2018
Budgeted 276,189 100 267,516 100
Approved 190,000 68.79 120,000 44.86
Released 185,023 66.99 98,194 36.71
2019
Budgeted 338,993 100 546,250 100
Approved 201,171 59.3 81,000 14.83
Released 201,171 59.3 48,300 8.84
Recurrent Expenditure- 2019
Traveling Expenses
0.19%
44\ Maintenance
Services Expendlture
9.22% 2.43%
Suppliers
3%
= Traveling Expenses = Maintenance Expenditure = Suppliers
Services = Other Expenses = Personal Emoluments

Capital Expenditure 2019

Mega Project

3.69%

Land & Land

Improvement
3.12%

Library Books
0.35%

Tool & Implement
0.03%

M Lab Equipment m Office Equipment M Building & Structres

[ Mega Project Land & Land Improvement M Library Books

H Tool & Implement
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9.3 Statement of financial position

NATIONAL INSTITUTE OF FUNDAMENTAL STUDIES SRI LANKA
STATEMENT OF FINANCIAL POSITION AS AT 31.12.2019

(RESTATED)
SLRs SLRs
NOTE 2019 2018
ASSETS
CURRENT ASSETS
CASH AND BANK BALANCES 1 108,990,251.49 150,529,456
DEPOSITS PREPAYMENTS & ADVANCES 2 26,948,257.89 14,022,035
DISPOSAL OF FIXED ASSETS 59,669.77 59,670
FESTIVAL ADVANCE FUND INVESTMENT 300,000.00 300,000
CONSUMPTION LOAN FUND INVESTMENT 303,481.01 296,325
INTEREST RECEIVABLE FOR FIXED DEPOSITS 7,814,723.76 7,244,022
STAFF CONSUMPTION LOAN 3 5,015,609.06 4,805,947
ADVANCE AND OTHER RECEIVABLE 4 161,317.94 241,747
STOCKS 5 1,800,759.50 2,298,338
151,394,070.42 179,797,540
NON-CURRENT ASSETS
WORK IN PROGRESS 6 6,227,761.41 17,455,040
PRELIMINARY EXPENSES FOR CONSTRUCTION 332,319.49 711,307
PROVIDENT FUND INVESTMENT 7 122,736,536.35 111,505,089
TRAINING CAPACITY 949,197.40 949,197
MEGA PROJECT- RECHARGEABLE BATTERIES 2,116,425.75 939,080
PROPERTY, PLANT AND EQUIPMENT 8 593,722,817.84 593,312,493
726,085,058.24 724,872,206
TOTAL ASSTES 877,479,128.66 904,669,746
LIABILITIES
CURRENT LIABILITIES
ACCOUNTS PAYABLE 9 8,014,385.22 8,981,445
ACCRUED EXPENSES 10 3,131,903.55 3,351,446
11,146,288.77 12,332,891
NON CURRENT LIABILITIES
SPECIFIED FUNDS & GRANTS 11 156,978,269.37 150,873,195
DEFERRED LIABILITIES 12 188,461,590.38 109,852,958
345,439,859.75 260,726,153
TOTAL LIABILITIES 356,586,148.52 273,059,044
NET ASSETS 520,892,980.14 631,610,702
NET ASSETS/EQUITY
CAPITAL FUND - SPENT 13 670,608,789.86 668,452,882
- UNSPENT 63,862,681.00 99,020,834
PRESIDENT'S FUND - SPENT 7,078,501.15 7,078,501
ASSET REVALUATION RESERVE 118,388,385.47 118,388,385
INSTITUTE FUND (3339,045,377.34) (261,329,900)
TOTAL NET ASSETS/EQUITY 520,892,980.14 631,610,702

The Accounting polices on pages 1 to 3 and other notes on pages 11 to 32 form and integral part of these
Financial Statements. The Board of Directors is responsible for the presentation and preparation of these
Financial Statements. ’

Secretary
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9.4. Statement of financial performance

NATIONAL INSTITUTE OF FUNDAMENTAL STUDIES

SRI LANKA

STATEMENT OF FINANCIAL PERFORMANCE FOR THE YEAR ENDED 31.12.2019

OPERATING REVENUE
RECURRENT GRANT
OTHER INCOME

EXPENDITURE
PERSONAL EMOLUMENTS

TRAVELLING
SUPPLIERS & CONSUMABLE
MAINTENANCE

CONTRACTUAL SERVICES
DEPRECIATION

OTHER EXPENSES

TOTAL OPERATING EXPENSES

DEFICIT FROM OPERATING ACTIVITIES
FINANCE COST

PROFIT/(LOSS) OF FIXED ASSETS

NET DEFICIT FOR THE YEAR
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14

15

16
17
18

19

20

(RESTATED)

SLRs SLRs

2018 2018
201,171,000.00  185,023,000.00
38,433,128.88 23,958,585
239,604,128.88 208,981,585
157,176,641.27 137,185,994
437,162.50 1,290,869
6,986,476.91 15,444,754
5,496,986.05 7,736,718
20,865,505.24 22,072,459
92,272,862.18 85,070,357
35,276,043.06 31,25,231
318,511,677.21 300,056,382
(78,907,548.33) (91,074,797)
(200,049.93)  (8,483,398.08)
(79,107,598.26) (99,558,195)




9.5 Statement of cash flow

NATIONAL INSTITUTE OF FUNDAMENTAL STUDIES SRI LANKA
STATEMENT OF CASH FLOW FOR THE YEAR ENDED 31.12.2019

Cash-Flow from Operating Activities
Deficit for ordinary activities

Non Cash Movements

Depreciation
Amortization of the Deferred Liability
Loss on Disposal of Capital Assets
Provision for Gratuity
(Increase)/Decrease Staff Consumption Loan
(Increase)/Decrease Stocks
(Increase)/Decrease Advance and other
Receivable
(Increase)/Decrease Deposits, prepayment
and Advances
Increase/(Decrease) Accounts Payable
Increase/(Decrease) Accrued Expenses
Gratuity Paid
Increase/(Decrease) Differed Liability

Net Cash flow from Operating Activities

Cash Flow from Investing Activities

(Increase)/DecreaseWorking in progress
Purchase of Property Plant & Equipment
(Increase)/Decrease Int.rec.for Fixed Deposits
Construction
Investments made- Provident Fund

- Consumption Loan Fund

-Mega Project

Net Cash Flow from Investing Activities

Cash Flows from Financing Activities

Government Capital Contribution
Specific Funds and Grants

Net Cash Flow from Financing Activities

Net increase/ (Decrease) in cash and cash equivalent

Cash and cash equivalent at beginning of period

Cash and cash equivalent at the end of the period

(RESTATED)
REFERENCE SLRs. SLRs.
2019 2018
Page 5 (79,107,598) (99,558,195)
(79,107,598)|  (99,558,195)
Page 19 - Note 8 92,272,862 85,070,357
Page 27 - Note 14 (16,279,756) (4,485,370)
Page 5 200,050 8,483,398
Page 30 - Note 20 6,932,429 6,075,930
Page 4 - Note 3 (209,662) (177,058)
Page 4 - Note 5 497,579 45,278
Page 4 - Note 4 80,429 (57,386)
Page 11 - Note 2 (12,926,223) 7,781,569
Page 4 - Note 9 (967,060) 2,481,178
Page 4 - Note 10 (219,542) 133,486
(3,136,442) (571,238)
6,438,257 4,484,631
72,682,921
(6,424,677) 9,706,580
Page 4 - Note 6 11,227,278 (15,295,040)
Page 19-Note 8 (87,805,084) (75,981,068)
Page 4 (570,702) (631,078)
Page 4 378,988 (108,620)
Page 4 - Note 7 (11,231,447) (22,230,737)
Page 4 (7,156) (28,178)
Page 4 (1,177,346) (939,080)
(89,185,469)| (115,213,801)
Page 6 48,300,000 98,193,544
Page 4 - Note 11 5,770,941 31,580,329
54,070,941 129,773,873
(41,539,204) 2,466,652
Page 11 - Note 1 150,529,456 126,262,804
Page 11 - Note 1 108,990,251 150,529,456
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9.6 Statement of changes in net assets/equity

NATIONAL INSTITUTE OF FUNDAMENTAL STUDIES

SRI LANKA

STATEMENT OF CHANGES IN NET ASSETS/EQUITY FOR THE YEAR ENDED 31.12.2019

ATTRIBUTABLE TO OWNERS OF THE CONTROLLING ENTITY

BALANCEAS AT 31
DECEMBER 2018

ADD: FUND
ADJUSTMENT IN LAST
YEAR

BALANCE AS AT 31
DECEMBER 2018
(RESTATED)

REVALUATION
DEFICIT/SURPLUS

FIXED ASSET
PURCHASE FROM
GRANT

ADDITION DURING
THE YEAR TO
INSTITUTE FUND

DEFICIT FROM
OPERATING
ACTIVITIES

DESPOSAL OF FIXED
ASSETS

CAPITAL FUNDS
RECEIVED FROM
GOVERNMENT &
OTHER SOURCES

TRANSFER TO
DEFERRED LIABILITY

BALANCE AS AT 31
DECEMBER 2019

CONTRIBUTED
CAPITAL

PRESIDENT
FUND

REVALUVATION
SURPLUS

INSTITUTE
FUND

TOTAL NET
ASSEST/EQUITY

842,627,084.00
(75,153,367.60)

7,078,501.15

118,388,385.47

(265,649,541.04)
(193,665.00)

4,513,306.28

702,444,429.58
(75,342,032.60)

4513.306.28

767,473,716.40

48,300,000.00

(81,302,245.54)

7,078,501.15

118,388,385.47

(261,329,899.76)

1,198,455.68

(79,107,598.26)

193,665.00

631,610,703.26

1,198,455.68

(79,107,598.26)

48,300,000.00

(81,108,580.54)

734,471,470.86

7,078,501.15

118,388,385.47

(339,045,377.34)

520,892,980.14
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9.7 Accounting policies year 2019

NATIONAL INSTITUTE OF FUNDAMENTAL STUDIES - SRI LANKA

SIGNIFICANT ACCOUNTING POLICIES YEAR ENDED 31ST DECEMBER
2019

(1) GENERAL ACCOUNTING POLICIES

1.1 The financial statements have been prepared on the basis of historical costs in accordance
with the Sri Lanka Public Sector Accounting Standards for the accrual basis accounting and
no adjustments have been made for inflatory factors affecting these accounts, instead of Motor
Vehicle re-valuation according to the special Re-valuation committee.

1.2 Similarly Laboratory Equipment, Machinery Tools & Implements, Refrigerators, Air
Conditioners, Communication Equipment, Office & Miscellaneous Equipment, Sports ltems
are rr]e— valued by the Special Re-valuation Committee and there is no inflator factors affecting
to the accounts.

1.3 The value of Revaluation of Fixed Asset in 2011 and the value of Motor Vehicle in 2015 and
2018 have been shown as Revaluation Reserve being adjusted by Institute Fund Account. The
Revaluation of Motor Vehicles has been done by Examiner of Motor Vehicles of Department
of Motor Traffic, Kandy with effective dates of 16.02.2015, 20.02.2015 and 27.08.2018 at
current market value.

1.4 Previous year figures and phrases have been re-arranged wherever necessary to confirm to
the current presentation.

1.5 CONVERSION OF FOREIGN CURRENCIES
All foreign exchange transactions are converted of the rate of exchange prevailing at the time
the transactions were affected. Non-resident foreign currency account balance has been
translated at the rate of exchange prevailing at the date of Statement of Financial Position.

1.6 TAXATION
Under the provision of sections 8(a) (xxxix) and 42 (ff) of the Inland Revenue Act No. 28
of 1979 (as amended) the Institute is exempted from income tax in Sri Lanka.

(2) ASSETS AND BASES OF THEIR VALUATION

2.1 STOCKS:
Stocks have been valued at historical cost basis and all issues are valued at FIFO Basis.

2.2 FIXED ASSETS:

2.2.1 The cost of fixed assets is the cost of purchase or construction together with any incidental
expenses thereon. The fixed assets are recorded at cost and accumulated depreciation which
is provided in the depreciation on the basis specified in 2.2.6

2.2.2 écquired the Grid Tied Solar Net accounting System, recognized as Building and
tructure

2.2.3 The cost of Library Books includes a Heritage Asset (Mapping Report) amounting to
Rs. 1,097, 477.65 which is not depreciable.

2.2.4 The cost of Lab Equipment and Office & Miscellaneous Equipment includes Assets which
are kept for display purpose and are represented at Written Down Value of Rs.
16,317,450.00 and Rs. 770,940.00 respectively.
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2.2.5 Fixed assets received as Donations, have been recognized as Deferred Liability from year
2018.

2.2.6 DEPRECIATION OF FIXED ASSETS
The provision for depreciation has been calculated on the cost of fixed assets in order to
write-off such costs over the estimated useful lives as follows:

Motor vehicles 20%
Library books 33.33%
Building 10%
Lab Equipment 10%
Sports goods 33.33%
Computers 25%
Computer Software 25%
Furniture & fittings 10%
Communication 10%
Air - Conditioners 10%
Refrigerators 10%
Machinery Tools & Implements 10%
Office & Miscellaneous

Room Linen 33.33%
Crockery Cutlery & Canteen Equipment 33.33%
*Safety Equipment 10%
Office Equipment 20%
Sundry Assets 10%
Expandable Assets 10%

* Safety Equipment - Rate of depreciation had been changed from 33.33% to 10% with
effect from 1999.

The depreciation of Fixed Assets is provided from the date of purchase to the date of
disposal.

2.3 INVESTMENT
Employer's and employees' contributions made towards the NIFS provident fund has been
invested in fixed deposits at the National Savings Bank.

2.4 Contribution made towards Consumption Loan Fund has been deposited in Savings
Account at the National Savings Bank.

(3) LIABILITIES AND PROVISIONS

3.1 All known liabilities and provisions as at the date of the Statement of Financial Position
have been provided for in the accounts.

3.2 RETIREMENT GRATUITY
Provision is made in these Accounts for retirement gratuity payable under the payment of
Gratuity
Act No.12 of 1983 in respect of employees with 5 or more years of continued service in
the Institute.
This item is grouped under deferred liabilities in the Statement of Financial Position.

3.3 NIFS. PROVIDENT FUND
Members' fund as at 31st December 2019 are shown under Specified funds in the
Statement of Financial Position.

Page 50
ANNUAL REPORT 2018 [English]



(4) REVENUE RECEIPTS

4.1 GOVERNMENT GRANT
Government grant received during the year under review towards the recurrent expenditure
has been charged to the Statement of Financial Performance for the year. Total revenue and
capital funds of the Institute accumulated from the previous years have been shown as
Institute funds in the Statement of Financial Position.

4.2 FOREIGN AND OTHER GRANTS
All foreign and other monetary grants received during the year, are dealt with by charging to
the Statement of Financial Performance to the extent of such grants recognized in the
Financial Statements do match with the associated costs incurred during the year. Unspent
grants during the year are shown under specified funds and grants in the Statement of
Financial Position.

4.3 RESEARCH GRANT FUND
The unutilized specified grant balances have been shown as the Research Grant Fund under

Specified funds & grants in the Statement of Financial Position.

(5) UTILIZATION OF BUDGET ALLOCATION
The Revised Budget Estimate has been shown in the estimation and the previous year
Capital Funds have been utilized in the reporting year.

Accountant
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10. REPORT OF THE AUDITOR GENERAL ON THE FINANCIAL STATMENT

(This is a translation. Please refer the repot in Sinhala for the original)

Report of the Auditor General in terms of Section 12 of the National Audit Act, No. 19
of 2018 on the financial statements and legal and regulatory requirements of the
National Institute of Fundamental Studies for the year ended on 315 December 2019.

1. Financial Statements

1.1 Qualified Opinion

The statements of financial position of the National Institute of Fundamental Studies
as at 31%t December 2019 and the financial statements comprising the statements of
financial performance and cash flow statement for the year ended on 31t December
2019 were audited under my direction in pursuance of the provisions in the Article
154(1) of the Constitution of the Democratic Socialist Republic of Sri Lanka read in
conjunction with the provisions of the National Audit Act, No. 19 of 2018. In terms of
Section Article 154(6) of the Constitution of the Democratic Socialist Republic of Sri
Lanka my report will be submitted to Parliament in due course.

It is my opinion, except for the effects of the matters described in the basis for the
Qualified Opinion of my report, the financial statements as at 315t day of December
2019 comprising the statements of financial performance and cash flow statement
reflect a real and fair view of the institute as per the Sri Lanka Public Sector Accounting
Standards.

1.2. Basis for the Qualified Opinion

(a) Though the primary task of the National Institute of Fundamental Studies is
conducting researches on several disciplines, the accounting policy which needs to
be followed while computing the respective expenses has not been divulged in the
financial statements.

(b) In terms of the paragraph 65 of Sri Lanka Public Sector Accounting Standard No. 07,
since the effective duration of immovable properties have not been reviewed
annually, though the immovable properties worth of Rs. 132,990,941/- have got
depreciated they have been used continuously and there was no action undertaken
to adjust the estimated fault in accordance to the Sri Lanka Public Sector Accounting
Standard No.03.

(c) Regarding the actual accounts balance of Rs. 118,388,385/- which was at the end of
the audit year, in terms of the paragraph 90 of Sri Lanka Public Sector Accounting
Standard No. 07 the required disclosing was not done in the statements.
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(d) In the case of misplaced assets worth of Rs. 5,693,070/- which were identified
during the board of survey of inventory items in 2018, without taking action to
remove them from the accounts, they have been shown under the assets,
properties, expenses and equipment in the statement of financial position.

(e) In order to confirm the title regarding the land worth of Rs. 28,622,151/- shown in
the financial statements of the institute, the said information has not been
submitted for the audit.

1.3. Responsibilities of the Management and Governing Authorities on Financial
Statements

The management is responsible for the preparation of financial statements that give a
true and fair view in accordance with Sri Lanka Public Sector Accounting Standards and
for such internal control to enable the preparation of financial statements that are free
from material misstatement, whether due to fraud or error.

During the preparation of financial statements, the management is responsible for
assessing the Institute’s ability to continue as a going concern, disclosing as applicable,
matters related to going concern and using the going concern basis of accounting
unless management either intends to liquidate the Institute to cease operations, or
has no realistic alternative but to do so.

As per Sub-section 16(1) of the National Audit Act, No. 19 of 2018, the Institute is
required to maintain proper books and records of all its income, expenditure, assets
and liabilities, to enable annual and periodic financial statements to be prepared.

1.4 Auditor’s Responsibilities for the Audit of the Financial Statements

My objective is to obtain reasonable assurance about whether the financial
statements as a whole are free from material misstatement, whether due to fraud or
error, and to issue an auditor’s report that includes my opinion. Reasonable assurance
is a high level of assurance, but is not a guarantee that an audit conducted in
accordance with Sri Lanka Auditing Standards will always detect a material
misstatement when it exists. Misstatements can arise from fraud or error and are
considered material if, individually or in the aggregate, they could reasonably be
expected to influence the economic decisions of users taken on the basis of these
financial statements.

Page 53
ANNUAL REPORT 2018 [English]



In accordance with Sri Lanka Auditing Standards, | exercise professional judgment and

maintain professional scepticism throughout the audit. | also:

Identify and assess the risks of material misstatement, of the financial
statements, whether due to fraud or error design and perform audit procedures
responsive to those risks, and obtain audit evidence that is sufficient and
appropriate to provide a basis for my opinion. The risk of not detecting a
material misstatement resulting from fraud is higher than for one resulting from
error as fraud may involve collusion, forgery, intentional, omissions,
misrepresentations, or the override of internal control.

Obtain an understanding of internal control relevant to the audit in order to
design procedures that are appropriate in the circumstances, but not for the
purpose of expressing an opinion on the effectiveness of the District
Secretariat’s internal control.

It had been included that structure and contained of the financial statements
are based on transactions and events appropriate and fairly included when
presenting the financial statements as a whole.

Evaluate the overall presentation, structure and content of the financial
statements including the disclosures, and whether the financial statements
represent the underlying transactions and events in a manner that achieves fair
presentation.

| communicate with the Accounting Officer regarding the other matters, significant audit

findings, including any significant deficiencies in internal control that | identify during my
audit.

2.

Report on Other Legal Regulatory Requirements

The following facts are expressed according to the National Audit Act No.19 of 2018.

According to the Section 12(a) of the National Audit Act No.19 of 2018, expect
for the effects of matters described in the Basis for the Qualified Opinion of my
report, relevant information and explanations have been obtained reasonably,
which is my opinion were necessary for the purpose of the audit, and the
Institute has maintained financial records.
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e According to the Section 6(1) d(lll) of the National Audit Act No.19 of 2018, it
could be expressed that the financial statements presented are consistent with

the preceding year.

e According to the Section 6(1) d(IV) of the National Audit Act No.19 of 2018, the
recommendations made regarding the financial statements of previous years

were included in the financial statements.

Based on the procedure carried out and evidences gathered, in all material respects, no

observations were made which required the following statements.
e According to the Section 12(d) of the National Audit Act No.19 of 2018, any
member of the governing body of the Institute has any direct or indirect interest

of non-commercial nature in any contract entered into by the Institute.

e According to the Section 12(d) of the National Audit Act No.19 of 2018, the
Institute has not complied with any applicable written law or other general or

special directions issued by the governing body of the Institute, except for the

following.

Reference to Laws, Rules and Regulations

(a) Financial Regulations of the Democratic
Socialist Republic of Sri Lanka

(i) Financial Regulation 101 and Financial

Regulation 104

(ii) Financial Regulation 770

ANNUAL REPORT 2018 [English]

Non-Compliance

Regarding 332 inventory items
worth of Rs. 5,693,070/- found
misplaced by the Board of
Survey Committee of 2018, the
action has not been taken in
terms of the Financial
Regulation and the action has
been taken to write off the
items worth of Rs. 344,915/-
from the register upon the
recommendation of the Board
of Governor’s.

Regarding 397 inventory items
worth of Rs. 29,853,300/-
recommended by the Board of
Survey Committee of 2018 as
those could not be utilized, the



action has not been taken in
terms of the Financial
Regulation.

(b) Section 14 of the Finance Act No. 38 of Finalized copy of the Annual

1971

Report of the year of audit
2018 was not prepared on the
date of audit, 15t of May 2020.

(c) Treasury Circular No. 842 dated 19" In the case of fixed assets

December 1978

worth of Rs. 1,028,584,797/-,
those have not been
maintained as permanent
assets.

e In terms of the provisions cited in Section 12(g) of the National Audit Act

No.19 of 2018, despite of the matters described in the qualified opinions of

my report, as inconsistent with the powers, duties and activities of the

institute the action has been under taken.

Powers, functions and duties

(a) Letter of the Director of
Management Services bearing
No. DMS/608 dated 29™ May
2014

(b) Chapter XlI of the Establishment
Code of the Democratic Socialist
Republic of Sri Lanka

Observations

For the post of Deputy Director (Research)

though the approval has been obtained to

recruit for the contract period of 3 years and

though more than one year has passed,
action has not been undertaken to fill up
that vacancy.

For the period from 19t August 2017 to 18
March 2018, a Professor who was serving in

the post of Senior Professor in the

University of Colombo was invited on leave

approval. In favor of that an additional leave
system was found introduced by the
Administrative Committee of the institute
since 7" October 2017 in the leave related

chapter of the Establishments Code.
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As per the requirement mentioned in Section 12(g) of the National Audit Act No. 19 of
2018, the resources of the institution have not been procured and utilized in accordance
to the relevant rules and regulations in an efficient and effective manner except for the
following observations.

(a) In order to establish an integrated software for the institute a contract was signed
with the private party on 28™ of March 2016 for the sum of Rs. 2,200,000 and Rs.
660,000/- was paid as the advance money. In order to purchase computers and
computer spare parts for that, the institute has spent Rs. 6,864,960/- during the
period from 27" December to 02" February 2019 and has not established the
respective structure while reaching 315t December 2019.

(b) The overall performance as per the rectified procurement plan for the audit year is
only 46%.

3. Other Audit Observations

(a) Out of the 40 observations submitted by the Internal Audit during the year of audit
and preceding year, action was not taken to adjust 32 observations.

(c) As at 315t day of December 2019 for the 15 posts of the cadre of the institute 29
vacancies existed and out of them 10 vacancies existed in the Bidding Committee.

(c) Since 1/3 (33%) of the approved cadre of the National Institute of Science for
research activities remaining vacant, it is found as a big barrier to achieve the
fundamental objectives of the institute.

(d) In contradiction to the letter of the Director of Department of Management
Services bearing No. DMC/25/02/7/277 dated 11t April 2011, 13 Technical Officers
have been appointed for the post of Chief Technical Officer with effect from March
2013 by the Administrative Committee on 02" January 2016.

(e) Regarding the office equipment, library books and vehicles totally worth of
Rs.727,748,547,724/-, the annual board of survey report was not submitted.

(f) In order to obtain the legal possession of the land entitled to the Kantana Estate in
extent of 14 Acres 02 Roods and 17.5 Perches which was transferred to the
institute on 08" day of June 1990 by the Janatha Estate Development Board,
action has not been taken.
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(g) Out of the sum of Rs. 63,862,681/- which was allocated for the capital expenditure
during the previous years, Rs. 51,287,288/- has been invested at a state bank
without getting utilized for the said task.

W.P.C. Wickramatne
Auditor General
Issued on 23" June 2020
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11. OBSERVATIONS OF THE BOARD OF GOVERNORS FOR THE REPORT OF THE
AUDITOR GENERAL

(This is a translation. Please refer the repot in Sinhala for the original)

Observations of the Board of Governors on 11t September 2021 with regard to the
Report of the Auditor General issued on 237 June 2020 on the Financial Statements and
other Affairs of the National Institute for Fundamental Studies for the year ended on
31.12.2019 in terms of Section 13(7)(a) of the Finance Act No. 38 of 1971.

1.4.2 Non compliance with Sri Lanka Public Sector Accounting Standards
(@) Sri Lanka Public Sector Accounting Standard - 3

Noted to disclose the relevant accounting policy followed by the NIFS in respect
of their research activities in the Financial Statements in the future.

(b)  Sri Lanka Public Sector Accounting Standard - 07

Although revaluation reports of many Non-Current Assets have been received,
reports of several assets including land and buildings are to be received. As per
the said revaluation reports, relevant adjustments will be made. Accordingly,
values of Non Current assets that will continue to be used will be revised.

1.4.3 Accounting Policies

(@) Noted to disclose the relevant accounting policy followed by the NIFS in respect
of their research activities in the Financial Statements in the future.

(b) Noted to disclose the accounting policy followed in respect of revaluation
reserves of the institution in the financial statements in the future.

1.4.4 Accounting deficiencies

@ Although the audit query states that 6 books out of 6890 books entered in the
Board of Survey report have not been accounted for , it is hereby informed that
the books purchased already have been taken into accounts. Action is being
taken to make adjustments regarding 105 books which were misplaced before
2000, subject to the approval of the Board of Governors. Steps have been taken
to enter into the accounts only the price quoted books, out of 1631 books which
were received as annual donations during the period from 01.09.1998 to
21.05.2021. As per the acquisition documents, it is proposed to revaluate all
the books in the library and the issue will be resolved thereby in the future.

(b) The values mentioned here have been resurveyed and records were kept to
dispose the relevant assets.
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(©)

(d)

Those are the remaining items of the last public auction held by the institution
on 04.05.2018. The aforesaid six (06) lots of goods amounting to sum of Rs.
56,670/- contain tires, Fridges, exhausted fans etc. It was decided at the Audit
and Management Committee meeting held on 09.06.2018 to sell these items at
least at half of the value at a future auction. An auction could not be held again
due to giving priority to revaluation activities of non-current assets of the
institution and performing relevant field work. Noted to take appropriate
arrangements and adjustments in the future.

Subject to the approval of the Board of Governors, action has been taken to
write off 09 assets with no returns amounting to sum of Rs. 900,712.18/- not
belonging to the institution which were entered to the accounts under noncurrent
assets. These funds were given to the NIFS by the Eastern Provincial
Agricultural Ministry to establish a Tissue Culture Laboratory, the said project
was completed and all the equipments are in the possession of the relevant
Ministry. This fund is not belonging to the NIFS. Water pumps contained in
assets items amounting to sum of Rs.900,712.18/- are located in the Bogambara
Bazaar and as they are now in used by the Municipal Council , notes were kept
to deal with the relevant correspondence.

1.45 Lack of evidence for audit

1.5

(@)

(b)

Field inspection activities for revaluation of Fixed Assets of the institution have
been completed as the first stage in maintaining the Fixed Assets register
properly and as per the relevant forms General. Relevant revaluation report of
several assets including lands and Buildings should be received. The Fixed
assets register will be updated with new adjustments as soon as the balanced
reports are received.

Survey reports were not submitted to audit as the survey was delayed due to
Corvid pandemic. This was submitted on 29.10.2020.

Non Compliance with laws, rules, regulations and Management decisions

(@)

(b)

Maintenance of Sub inventory lists has been commenced with a view to find the
lost items. Board of Survey has instructed to submit the details of the officers
who held the last custody of the items which were clearly identified as lost items
and action will be taken in accordance with the Financial Regulations after
scrutinizing the relevant information.

As per the decision taken on 03.05.2016 lost items of the institution amounting
to sum of Rs. 344,915/- were written off subject to the approval of the Board of
governors (Annexure 2)(c) Items identified as unusable items by the Board of
Survey are to be assessed by the Valuation Department and action will be taken
to sell them in a public auction thereafter.
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3.2

(d) Presently, preparation of Annual reports for the year 2018 (Sinhala and English
translation) has been completed and the Tamil translation is being prepared.
This process was delayed due to Corvid pandemic.

(e) Action will be taken to do the fuel combustion test according to the Public
Administration Circular No. 30/2016

()] The relevant officers were instructed through an internal memo and action will
be taken to make necessary rectifications.

Financial Review

Financial Policies

Operational Review
Management deficiencies

@ The relevant officers were informed to immediately update the personal files
and the said activities are being implemented properly.

(b) Noted to draw special attention on approving of leave chits and other activities
related to leave.

(© Live run of the ERP system has been commenced from 01.05.2021. It is also
advised to be informed of, if any problems arise to the users who are also taking
hard copies in parallel with the live run.

(d) NIFS does not have a Deed of Transfer or a plan to prove the ownership to this
land and only a document has been granted by the National Housing Development
Authority on 08.06.1990. As the said document is not sufficient to proceed with the
matter related to the land, necessary documents and other activities are being
fulfilled. Our lawyer was instructed to take further action on this issue at the Board
meeting held on 20.03.2021.

(e) Documents not yet provided are being received and the relevant documents will
be collected as soon as possible to cover the liability of all the assets of the
institution.

Controversial Transactions

Action will be taken to deduct half day leave for additional short leave obtained.
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3.3 Deficiencies in contract administration
The main reason for building the fence around the Arboretum estate, Dambulla was to
prevent unauthorized entry and forcible seizures. As well, it has been reported during
recent times that poachers had entered the Arboretum estate at night to hunt deer.
Therefore, it was needed to build a fence as soon as possible to protect the said estate.
If we waited for surveyor to survey the land and make the plan, it would take a long
time.
Therefore, it was decided to construct the fence as soon as possible, considering the
original live fence which was built at the time of acquisition of the estate, as its
boundary. As per the audit observation speedy action will be taken to survey the land
and to verify the boundaries.
3.4  Human Resource Management

| would like to bring to your attention the following vacancies and surplus identified
during the audit with necessary explanations.
(a)

Post Approved |Actual |Vacancies |Surplus |Explanations

Cadre

Research Staff - Permanent 18 11 07 -

Research Staff - Contract | 09 07 02 -- (i)

Basis

Deputy Director 01 - 01 - (i)

Research Assistant - Contract | 41 32 -- -- (iii)

Basis

Communication & Media | 01 - 01 - (iv)

Officer

Private Assistant to the | 01 - 01 - (V)

Chairman

Driver 08 05 03 - (vi)

Office Assistant 03 02 01 - (vii)

Librarian 01 - -- -

(viii)
Senior Assistant Librarian -- 01 -- 01
Chief Technical Officer 02 13 11 11
(ix)

Technical Officer 14 03 -

Management Assistant - Non | 17 18 -- 01 (x)

Technical

Library Assistant 01 - 01 - (xi)
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Post Approved |Actual |Vacancies |Surplus |Explanations
Cadre

Audio - Visual Assistant - | -- 01 - 01 (xii)

Contract basis

Explanations

(i)

(i)
(iii)

(iv)

v)

(vi)

(vii)

(viii)

(ix)

(x)

There are practical difficulties in filling these vacancies due to
deficiencies in the required financial provisions and complications in
providing physical facilities including laboratory equipment.

The answer given to the audit query No 3 (b) is applicable to this issue.

Advertisements have been published in the newspapers and institutional
website to recruit Research Assistants on contract basis for 7 projects
and interviews will be conducted for selected candidates as soon as there
is a change in the instructions given by the government to suspend
recruitments. Relevant web page and the paper advertisement is
submitted herewith marked as annexure 2.

Applications have been called through paper advertisements for the
posts of communication and Media officers and written tests have been
conducted and candidates have been already listed. Interviews will be
conducted for selected candidates as soon as there is a change in the
instructions given by the government to suspend recruitments.

Approval has been requested from the Department of Management
Services to recruit an officer to the vacant post of Private Assistant to
the Chairman. (Annexure 01)

Applications have been called through paper advertisements for the post
of Drivers and interviews also have been conducted for the selected
candidates from the practical test and interviews will be conducted for
selected candidates as soon as there is a change in the instructions given
by the government to suspend the recruitments.

Applications have been called through paper advertisement for the
vacant post of Office Assistant.

Explanation given under audit query No. 3(e) — Librarian and Senior
Assistant Librarian, is applicable to this issue.

The explanation submitted in respect of audit query No. 3(d) is
applicable regarding 11 additional officers in the post of Chief Technical
Officer and 11 vacancies in the post of Technical Officers.

Approval of the Department of Management Services has been obtained
for the additional post of Management Assistant — Non technical.
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(b)

(©)

(d)

(xi)  Recruitments have been made to the approved post of Library Assistant
and the said officer serves in the said post w.e.f. 24.10.2014.

(xit)  The explanation given in respect of audit query No 3(e) is applicable to
the post of Audio-Visual Assistant (contract basis)

The post of Deputy Director (Research) should make a high contribution to the
researchers conducted in the institution and should act to attract foreign research
grants. Therefore, this post should be filled by a high level Research Scientist
and should be given the same salary as a University Professor is entitled. A
request has been made to the Department of Management Services to give
approval to increase the approved salary scale entitled to this post up to UAC5
(2006) from UAC4 (2006). In response thereto, Department of Management
Services has informed by their letter dated, 27.03.2017 that the UACS5 salary
scale cannot be applicable to the said post. In addition, by their letter No.
DMS/E2/62/7/277 dated 11.04.2011; instructions have been given to apply
UAC4 salary scale to the said post. (Annexure 05). Therefore, action will be
taken to discuss with the Department of Management Services regarding the
discrepancy in the approved salary scale for the post of Deputy Director
(Research).

Research Assistants are usually recruited on contract basis. They are leaving
after the contract period and thereafter new appointees are recruited. Due to this
circumstances, there is a temporary shortage of several officers. As per the
government regulations, action is being taken to fill these gaps. Applications
have already been called through paper advertisements for 7 projects.
Interviews will be conducted as soon as there is a change in the instructions
given by the government to suspend the recruitments. The answer submitted for
observation 3(b) of the audit query is applicable to the vacancy in the post of
Deputy Director of the Institution.

The institution had a special leave policy for their staff. The said policy was
updated on 07.10.2017 by the Board of governors. The relevant leave policy of
the staff is attached herewith. (Annexure 04). Prof. Asiri Nanayakkara requests
paid leave from 19.08.2019 to 30.07.2020 (Until his 64" birthday) as per the
part “e” of the leave policy of the NIFS to engage in research activities while
working at the university .His leave application from 19/08/2019 up to
18/03/2020 (Until his 64™ birthday) was approved at the meeting of Board of
Governors held on 16/08/2019.This decision has been taken as per the method
of approving leave in the university system. That is because the Lecturers and
Professors of the NIFS are paid the same salary as in the university system. In
addition, the Board of Governors decided that if he wants leave after

18.03.2019, he should inquire the said matter from the Ministry.
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4.2

4.3

Accounting activities and good governance
Cooperate Plan

As per the relevant Public Enterprises Circular, action is being taken to prepare a
compact plan for a period of 5 years and at present significant progress has been made
in this regard. Assistance of the Ministry of Higher Education, Technology and
Inventions is obtained for the purpose and this is updated before commencing each year
and steps have been taken to obtain proper approval from the relevant parties.

Action Plan

Arrangements have been made to prepare the action plan from the year 2020,
incorporating the key performance indicators for the relevant year so that the overall
objectives of the organization can be achieved.

Internal Audit

Noted to expedite the rectifications related to observations.
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o5.ou7.6. Gy, SprruIFdl Guymdifluiy

oy, aiygflw, ouymusdl Gupmdifluiy

eten.15. QuEhaenr, Gemewt SpTTWIFAL GuymAfluwiy
61D.&.61D. @bBUTe0, @emewt L ITUIFSL Cuymdifluy
oia.le. FHLAEIB, @Qemewt S ITUIFSN CumAifluiy
l0.6T60T. LOMEVIE SLITUIFS, @emewor pyruiFAl Guymdfluwiy
eI LoflBHTT, @emewt L yTuIFl Cuymdifluiy

SOMHH SpT. ST, THBTWEHS, FCTagL Sy rmuIFd (penesteury

DIQLILIDL & BDNBBOpSBTOT CHHL [BIYUTTSH S0 Y JTUIFS] (WpewerteujBemTey Gs/floy
OFuwnn Grmy

o FHUMHF e1&.L1N6TuL,.611D.65.8. alQuFmis
o M o1y wenCas
o HUTHFH m.1.6160. QuITdHen

SLITUIFAF Femuulen Gaweomery
o HUTHF 15.6160.19. UBHITH60
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S. sawBETUIeY] LOPMID (PBTMHHIME Gy 2019

SENEVAIT
Hm. Bg.e1d.ul.li. QuILLET (Hem6veuTT)
(BeopCafln UyBB)
Buevdsll UeTIlUTET] [HTUISLD
Qurgls QaThleowwwnHEeT HenamibEend, Bld DemDFaH

&2 _pinieryser

o QGupmrdflwy eter.gd. RevEIEEIHvD, 2 eyl LUNJHeflesr DimieuenL @l LesTetymen
OameomIuD QFHTLFUTET HWTHNT DLCeoTFH]T

o Guprdflwy Wewewds 1.1, alnwiGeameuser, alevmiE alehehTears Hiemm /
GurTemenll LIeVSH6m6VHHLOSHLD

o QGuprdfluy enb.F.e1b. @éUTed (Femu 2 _milnfey),
@emewt ouyTWIFSL Cupmdflwy, SIRlUDLS SDMEHEHHSTH BHFW Blmieued

&g Qawemeny (ieneudal (BB

o MBI Leter0.. eUBHTHL (FUF QFW6ELT6NT)
SIYLILNL S BHMBBEHHBT CHFw mHlmieusd

Crrs T&61

o  Hm. er6r0.L 196U l0.6T601. ebHFIOSEIS
HEOTHBTUIS| ASHWLFHT, CHFW HIHETUIO] 2 L DINIOIGVDLD,
CurTaemeTll L6D&HM60HBLOHLD

o  Fmwd. 61F.10. DWIHSHHD
Wyso 2 6lensd SHvIbSTUICUTETT,
alehepmerr, OBHTPOHILL LPMID SpTTUIFS DmIOFSH

oimpinier Guifled

o QBupmrdflwuy eterd. Gaemaly, (Fewu 2_mInlesy)

ueslitureny / Gysw HeoopCaupm oFerfl/ ysw BiF dHeri
SIYLLDL & BHMBBHEHHBT CHFw mBlmieueid

o  Hmwd. H.ererd.6Terd. FoyHOHTIQ
HEIHBTONT, SlQlILUMLS BNMBBEHHHT CHAW Bmieuetid

2 _sai
o Jm. m. elxnudms

2 6eNBdH HISBTUIR 2 SHHCUTHHDH]T
QLML & BHMBHEHHBT CHFW Blmieussid
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6. uewmiliuTenflel SiPlbenas 2019

elogl Boeussioneigl elehehmenr sipflemeu  GbLGSHHIUS QUTHLBL BenL(wenmd Gadluwl
OrFdenaisepns@G i Syemeud STemiuger QUTGHLGL Sigliuenl. L ITUIFSmWw BLTSHHIE M
sLOuUT L emLs Gameui(heien @J Gxdlw Mmeuenom@w. SLbS MBLSHD BID 618 T0ETewL
FOUTELBEDSG LMD, (poHdwoner Cxiw BawFfsAl L Risaflsd FHUL (BTN HBHFLOWID
enogl oprmFAl GuuiGumiset, PmeuasHear alBHS wHDID Siplemeull LFeITEHS60
BID Suflswrer (WPaICIIMMHMS DML HHIGTETGETTLD.

BLHS UHLSH6O WTSHATID, 6lngl alechepmailsst FjouCGss wPmid 2 sTenj FehFenssaied 75
DL GupulL orTsd oPemasment Uysfegietenery. Guoen, 145 oLgTuIFsd
B (BMIH6T WLTHTLH IANBMHEBEHNMTEHD DUINNF F(HSBEIGNMTHOD LTaHFSSILL(BHETTel. ¢h.
19 Wedellwenr Gumiduwimenr BFHemw eneu L WlGuODIeTeNgIL a1 B FHweid FFeuBsha
FAUleID SpTTUIFSS Fal I9eneioysenemuld OHTLIUBMETUID 2 _(HeuTdobaluleere.

NIFS ouag Sis@mimLw FULSANDEG DMO6UTES Sl SpITUIFSSE (WPpSEWGHSHIeUD
apEIGHen  Gurded, erog  opITWIFAN  uemilwreng medlw  Brhsefllar  Cuenisg
SIBHHH BVHGHBEBHLAT @(HEIHMFHIBMI.

mabdw prhselar Cuemis® alBHS Beud@Gsefs [Sustainable Development Goals /
(SDGs)] siewLeuteng FeHaldsshdeo SC HIUUL(HeTeNg;

" 2.0%

= 5.9% 2.6% = 1.7%

snwonen ssoall, 11.4%
SHBLOME [5(HLD = 4.5%
sansmpd, 7.0% fops 2pCrrdAuEpd
£ng _ sgyitd, 15.5%

o_ulfermis e
7.9%

SMebleneod

Qewpun®, 8.2%

LoeOleuren GyILh

SHHLOTEGILOTE Fdh),

7.7%

» DECENT WORK AND ECONOMIC GROWTH
» ZERO HUNGER
NO POVERTY
2.5 1. 2019 B% Guswis nlpss) BwsESGHmaT oL SO
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Agriculture and Physical Sciences
veterinary

3%
Technology Sciences & F;)Od
2% Sciences ZA)
Earth Sciences
5%

Environmental
Sciences \
16%
2.5 2 @EFu prGsallar suensLLGSSr Dy Livsne_uflv 2019 B
GLopOlsmaiar L@ pgmid Sl LgLLSaiaT SHisnmear

2019 o yewigest  Curamen  Wewi(heu@H  MMID  (weuGeF  GFeveiasder I
(weGemmiomeng E6 gigd STLLUUL(HeTengl. SiHnEemowl, Wesihauho OFevaiagdls,
Owrs5sF GFevaiaisdar 69% opag sHellu’ L eafumseilsr QUTEHLGL LW  gene
OFeveymeflesr QUTHLBL GFevey QFUWLLL (BeTengl. cweusard GFevaiasdsd, 44% g
SpWIe)dnl. 2 USTIRIENDSTHD 5H gl (LpsHalF QFevaiaBIsEnoHasTE|D CFev6]
Qauwiwtiu’ BeTeng).

Traveling
Expenses
0.19%

Suppliers
3%

,“_‘ — Expenditure for
Maintenance
2.43%

Services
9.22%

2 ;3 2019 @ ewiGaumid Crsvalarsglar ailummisear

FSHOUTWSI 610G Blmieussighglev (P& DM LOM 651 S ITIEHSGFlw 2 WSy
SIalpsHwTeng goUBGSSUUL(BeTeNgl. 2 60sD LITHObHhSI UHMBHMH CFemelaIpmIHN
SgliuenLuled 18 gHemewil CuymAfwysemen (WPpHMH SLeweuWTs BID BudsgeTGenmib,
urhsIULL elehepmenr FHwmen FFHemeseEnd@GHs Sy sTamid CQuTmLBH eujser NIFS
61l 6h T 6vilab (615 65T Bememb 3| uelwmm)  eumHESIMETTT. 610H BE0SBTISH): W BUUGSSIULL
AUFHBEHLST  Fnlgul 2 _WJ  SILOTE @g,urru_l&aﬂu ngj(%ugj&.smsﬂ SIMLBH0, FTeuCsms
SREETTHMmSL  CQuOmis C&TeTEense0 LHMID BTl  QurmentasTy FHuled Feps
FAWID S lelmeHd CFuleusa cpsowns (WpdH BHFSHMBUD 261HEGHal5H0 BpdWIeTOUTGLD.
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Mega Project
3.69%
Land & Land
Improvement
3.12%

Library Books
0.35%

Tool & Implement
0.03%

H Lab Equipment B Office Equipment M Building & Structres
Mega Project Land & Land Improvement M Library Books

H Tool & Implement

2 1 4. 2019 Qo cpwgars Glevalsrgsinr ailiymisar

NIFS @eit Uysmen @GnaCamarseaisy gaipraig Caiw o lalmsHuied LRGeS GQuUTmHL(H
2 WI-sITSFWenLw UL L6 wremeufseEhs@l uuIDAwsHSHom@Gw. SLbSH 40 eUHLEIS66
Gurnsl, egmésTe 1,500 2 wi-srrsyopentw  MPhil  wwpmw PhD  wir  ulLddeiseoai
LDIT630T6M1T & (6Th &b (& [BITLD uulpFundggienGenmid. RF QFwWeI(LPEnMUTDITL TS [BITLD
apemengTedseilesr QeauelBumnbmed GHmMSHIOTENGIL 65 610g CHAW LIS 6VSHSHLDH IS 60T
sevailamy  eiflwdbensd o wiHuenGenmd.  Hewnguied  NIFS @emewiliys@ il (pBeOTOIS)
UL gL urrl_&rrsu)e\)smu_lg, g,rrlj]uug,sm Qurpl(p BIDL  SOEUTWEH 2wy SHeval,
OaTPBHILL WLPMID LSHSTHEe0 JAMLFHLeT GBHEISLI  usiwrmls @&.rrsmm@&é](%mrrw
Bz eiogl ysmen GNECaTaiseaied QML LmaubseT@Gw: hHEeUT[H 2 6055 SHILD
amWihg BoeuaisSad apnrisiubGdam uuindeg Smemumer SHISHILaT Fnigwl LUIHFenw
BTLeemCemBuw Ll L Odeiseval  oTewaufEEhsE — aPEIGH.  SnOuTepgdl  NIFS @ed
A Lgsl L 20 PhD, 50 MPhil, 10 (pgiwomesll, wmmid 45 Ul L&He06T  LDT6wT6U]THETHE
uipdser supmIBILL(hd OCBTevTig(hHE 6.

NIFS ouegl BILIgeIeT6N Lienpenlowimen BlebFHSHHL LRGN0 armrdlul urLgmened 6shehTeo
PapFHSIHLSHma 'I'f)I_I'I"a_";QJGI.IQ}GD"I CLPEULDTHL  LITLFTen6V  LomewteusemlenL B 6flighehTenidhend
ugeueLTHGeude0  (pemestlLest  FHUL (HeTengl, a,&)gjl_am mﬂ@@rrszs‘ﬂ&,smsn wenemuiBeuBui
2 _(HaUTH@GaSHGFW BHMEUIILTL DL DIENHL 61SH68 QUTGLG BTD b BawFHsH L GHmabd
OaTLFAwrsl ueliu(hsd aumdaCmmid. 2019 6o, cpsim Cadlw alghepmen, CBHTIOHIL LI
LOMID YSSTHEEe0 SewisTL Soeflend (WpHeomoug Hnbs HarsHed ubiGuUDMUIEnLOU 6B
(LPEVLDTHALD [BTLD 610G UTeUs0THH60 QFwpuTBaenen ailfleurdSluler@enrmid.

oIog SLTTUIFS aﬁ]@@rrszs‘ﬂ&mrra) GumOsmetenliL(hLd 5@g,g§]|_|_r515611 GamailL 19, Losuﬂg,-
alevkig Gursevser, BTlLul L HAnBrsBrrul, o ewie| wHmid CurFmenid &ML, BT HILD,
Bumemas  alehepTenmiser, UHIINEESHHE Fbd apdwaupenpl  NFSTRIDTSHES &.@g,é]m
Oaremiheren SBHFLWID GeualwWkisamen (IPHOSBTEIHMHMSDHS CHemeuwiTer SiQiLIenL
sfmeup o marsGIeaimer. NIFS  opeig  afjoum  opemihEefled  sufisomen
auenj&Fdenwiud SilalmeHemwuid QST nLoWLD.
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7. 201910 gewnged Hlipisuet GFweTHOIMBH6MST FYTLOFLD

NIFS @61 FLLGFDG SimwauTs, LITUIFS (PYesamen 2 WTsHT SHL(b  SenerliLenL ul
SLITUIFS FehFemsH6Me0 (W gk ¥: 3 Gouemtiguig) &L TUWILDT6MIGHILD
(WHEAWSSHIOU(PMLWLGIOTGW. 2019 1D SLemnged Bmeusoneig LU SL(Hengoemernt
dysfisgieieng;

® alehepmenr BmBasmeilLed L enewiiysnLw (SCl) FehFenasefled 25 opgmuIFs eluyewimiseT
= alehepmen BpBasmeiled elfleurdsm (SCE) Fehdfemasefled 33 opgmuidFdl eluyemimise

" gemaiwl OBHTLIYHLW Fehdlemdseaier 19 oupmuiFd eluyemimiser

Guweoid, 140 oyymuIFHs s (Hmyser WIHTL(H BLIGHMSBL UHOBNMTEHAID S TTUIFHF
H(HSBBIBNMTHD  LFHFleaiul (BeTenel. JASBILET, 0 UsHemeer /[ seleuenyey
HITOOHEHLET  Ubdd SiSHurwumisenmasaw ysflésiul (hetsner. Gosuid, elghepmeo
wyeaxeiler alurmEIBm6TL  LFelTEGuSE GQuUT®BLB 05 SL(BdIE6T LhHey SHHH6IT
wmmib yHerl usFHfleaamasaied Nyaflasiul (BeTener.

alehepmeildmsT DeuHEHMLW DLTTUFFS HHSHHLLEISEDHSG W BldHsamendl
OQUDNIBOBT6TENS Fnlgll SEMHMEVIEHL WIEUTEHEMTE SHbEHleTemeny; 12 yHw wreflwmbiseT
mmib 33 Bl (wemmuilsviemen LOTesTUITBIS6IT

55 opmEHs gal lpeneniesenen BT OaTem(BheaTGenmd, Seummled Breng 2019
SLeTge0 L TIDIGSUILLL eDOUWT@GLD. LEOHENEVHBLPHBEIGENT LOMMILD  [HMI6L6UTIRISHGTHL 63T 60T
ITUIFFS gl igenemioysefler elurmise:

/o) OSBICF LT
o GWsTeevsBIL QFHTIHOHBIL UL LEOSHEN6VHBLPHLD
o AW BEISOTHSHI LOHM60HBLOBLD
e Gung FAlall UOBMEVHBPHLD
LBISTTCSH 09
e OamGarmiensumweoul (LELBHMEVSBHIPHBID), F6UTF, LTHBT
SEOTLIT
o LebOamdF LLHMEVHBLDBLD
*  H6VA LIGVSHENEVSBLBLD, SHEULT
Gepjoef]
o GBUMTeH-LFHENL - LLBHMVEHBLD BT IgRIEH6T, OHBTLIQHIg6sT
o afevmdwed oL ITUIFS HITHHFTENL Gevdbeomemij Gsmuieils
(ZFMK)
855180
®  LJIOT LI6DSH6M6VHBLDSHLD
LILITEdT
e mFHGUTHT LILVBHMEVSHLOHBLD, LILITEDT
CrmjGsy
e OeuerdBriyent CrTFGeur LELHEMEVSHHLPHLD
L& TooT

o aleugmuill LEVEBENEVHBIPHID, LITEEOHIT6I
e GBxpdw wHmSHIN 6EHEHTEIBIBET LEVBMEVSBOHID, FTeUsOLI6uIY,
LT&lerd G T 65T
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BVIEIN S

* BVEIMBH HMHH LODHME0HBIDHLD

- *  BevEImad FULNTSHPEUTL LISVSHN6VHBLPHLD
* BeEImEH OFHBPHGHU LD 6VHBLPHLD
e QaTILLL L6V&HEN60HHBPHLD
*  WIMPLILTEIIL LIeV&HEN60&HHBLPHLD
o oMl L6DSHM6VHBIPHLD
o GBurmasmell LeOHmM6eVHHLPBHLD
° QITMILNLL LVEHNE0HBLPHLD
* MG LIVSHENEVEHBLPHLD
° wf WWAUTHAIYTL LIVSHMEVSHBLPSLD
o  omeuT (GEUELEVFL LIVEHENEVHBLPHLD
*  AWIDLL LIVSENEVSHSLOBLD
* o FHHF FOU, BEVEIMBD
o AW UBMEVBBIPEHDH HELITS
e OEIE L ITUEFS Bneued, sviamiaisy
e GBxfw 2 _eojsTeauy Gxllusd, GuyTHenest
o GeoutF GpTuiseT FHFmF VG, CUTHHIT MEUSHWF TN, HETTY

D/
e TG LDHMEVHHLPHLD
o QaTOxmICUTH LEOHMEVHBHLOHLD
BESHBIL
ByrédiLns e Gumg EBTLEOTHHIL LIOSHM60HBHLOHLD
e Bxfw sugeTOHM HITHHFTENEL, E6VEUIIL 63T
o alewmiGeuefll 2 ulflwessrer usdmETD Beneowid, LbHBISTLD
*  SIUTST LGHMVSHOHD, MbBW @TTFALID
DBEBL
9/Clofld BT R

Currdwmr 9IJF ULBEMEVGHISD, MEAW HOLWflbsT
e FHBumTFeiwm UOSTIOBI L DITF LOHMNEVHBLOHLD, F6uol
aimuilerd gLierOGuIT

oLyTuIFs  Gupumiemeuwmeng elehepmen sinflemeu CWOLGHHIUSZIL BT B6ll  LBBHSMeET
Guwur (& QFWST(LPENDHUWITEIH] Ul L Cnflest BDNBBHEHBBTH OeuefBTH 6N
QFevalll1g(hBH6I6060 LW HewibETear (HUTUWISMmeNE BFOGHHIH CETaTena D p 66T
Qauigl6Teng).

Ul LLb Blenme nmene HesrummiiuGueney
PhD 5 15
MPhil 7 49
MSc 1 10
B Sc opymuiFds smSHILLLD 12 36
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7.2.1. ﬂ_u.ﬂyar&‘s,d LODMILD  LOGIOT g@m@gﬁ@ﬁsm cqyrrwa#/‘s 5@,5,571_140
BBSFI LS FMEVaUJ - HVTHID. CIemysT [JSHamTuIES

SMHSIHLSHDSETE DIM(PBHLD

yGamen @muuwng,eorrm‘%] DIHDHL LI B  almenaldssHsbs  DLLSHMS
DADLHSIATETEDIOWITE)  aueMiDaI_cSHe0 STUaTOIT s (b CamGaumas SHailiuged
Qeupplarewmt  Geuewwigut  BHemeu 2 eitengl.  Wewt &MU CHEHBWLD  6TOILG)
eusfewievgHaieiteon  CO2 m  smeuy  @eflE0aTGUISGT (VLTS  DIBHMIHEOTGLD;
GUITILOEUBTL 6V CO;, <yeugl Fempliligssiul (b LOGWIT Brmpemd HTLIGTTS
rmplwenossiiubGEeaTma, LOGUBT6UUTI60 I Iy 886301 BT 60T QUL BIGET
2 mIFWITHISHTS ﬁmmg,;ﬂ@&,@w LOGIEWITEEH  FHD  HMIH  STEUTEIGHENETU|LD
sueewiL & Cajsmamwud ol SiFseme sTumas OQeTangmbal  Llulaeien
o ufljiurer &Tust GabsmIGaND EMIDTHED, FWPSSHTRSMDEG SRTSILTUBTHID

HeETMG). e GROOSTGHEN UDPw SBSHL LSS HTsTa GNleCaTenTag)
ewienien  &ruel  GHHe MMy, Sis@MLW  CBTPHuT®G  wHmD  GuiDenauimer

OO BHMS QFLWILLL  CISIEIE6T, FJHIEVEIGT, aleuFTwll LUIJHerT, LIewTeneut
Beomiser, il (GH GCariimsst wpmw HApGursl LUITEFQsLImeseT GuTEIDe
SILMIBOTE Revmimsules UG UISTear smouy ajssmiseie GCbubBHSaI06
oDS6T  uDMlg  STOTENISSHOTSGD.  SHMILOBIVS  STUIRIGHT OO  GFewLBl6v
2 _aIFHIIUDIEVEISST GuTam  &LMH  HOOOBTGHBET UMD 606  STLMEIS
SOOI PHMID SmIESD 2 uljFFEHUTEMD  SmLWESMNID HoniubGHsE
GCeulliugharen FrHHUILTLGET GUTGLG pule] GeuwiuGL. WeHH LuITS  euL
BeomimawIIeTen  HEUILOBlVS STOUIEISEHD 2 JFSIIYBIVS  &O0OSTGHBEHLD
SL,U165 (&) LI_IJ@Q’)QEIJIJI_CBGITGTW Bevmimauispensn QB0  elenemujld  LD6wT
ouendH6fepienen ewt C LHMID gemenw SeflwliysbseT LD @F DHQUILIENL  LOEUsT
SHBEUM OaTEGHHenw all([hSHH) QFuI6USH 6T Qur L (LD 7)) SLUIGUTEG
SLTISSILL (HeTengl.  ewiewllseiien C  @mUysemend  savisdbsend  GIS
SiRLILEHLUT6OTET UMTLL HmBSH SWTHHHNID BSHHHBIHLSHH cpsolomer LysHmeot
OuuIGuMIEeTTGHLD. Hewigwl i BHHCHTLL (pewmenosEnd wewt C Cards pMMEVIGBEHTH
Spuie] CQauiwtiubEetmen.

miewamull] QFaGevaisetr 2 ully eflOuTmeT, STEBEHMYD WOMID SLSHTH, LenLeme,
Fooemeus QFmiflev, 2 ewie| HMID Heuend GHTHEL, afleugmuid CUTETDRT JILEIHEOTH
urhs eiFasGHIW GamPsoseisd o etemminhs UFCurasemns GeusfililbaHduleTerme.
SHBuUTHW BHSHL_LLOT6IG 2_eiter,flev 0505 HESILHLD GFIemeumHmI
miestenBiIdEefedhbaH GQupiumGy GpTHwl NNSG0sEHILSmeT GeusiBGaum GUMILHGF T
2 pusdl OurmplLaeiw GCFweiwempseiad FCwrdiugnster FraSwium
upplw oppTuiensy GhTEETEd QHTEILE. SHeUmTuled BLISSHUULL LTTUIFHS60
2 etenfled WfS0sGUYF QeFuiwiul’ L  mieveidsEbnd  Seupmlet  GQbT&WBISEHLD
af55s FHUlL HemLbad HbsaeuTHaeTen GUMILE Fnlgw GpTHwmisemer NyHuifb
Qb  eumauled mBHOHTHL CFwWEIIpmMBTD UW@MIBOES  cuenBUTED
LWRTUBSSULUL  (PQUID  6IQTLMSF &L IgH HTLIgU|eTenel. LMMIQLOT[H SHMHMEVTEIH]
Bevmienaulsvienen GeuaiGoum BT Memeusaiey @TenIlLbBEsn FuGsTuDNIFwTsserien
AOoiyflenwl vsdsuensamwent Seupdlet urGuTL (B FHwmen Senmismemnied, GuUTFeneuot
alugemiiuBHHE0  LOMID  BEhEF:  UMBBEBLST  Spule]  QFLUD  euensuled
SLTOLISHILL (HeTengl. Sevmienaulsperen OCeusiGoum suemBWITERT BT  HleNevB6TILD
IWHH Hensvseiaid 2 eien gimw FwGemmuppflunsseilsar eujssmisenetl Guenils
asTUumS aFHIUBGHSHID euemasuied FwBsmuppiflursseies  eusmyLLSHOHTHS H6rew
Bgafllienu o HeuTshdl ugTwfssmeoujd BeHHESH LD CrHToHsTEs CHTERIL S|

amLSSH0 Bomosmeteniul L QaFwbUTHS6IT

@a)rsjsm&,ufﬂgusﬂsn QeusiBGouml BT Hlenevaseried sTewLGERD FwGmmupiflwraasafe
Upiyfleniol uedeusnsmwmw Seupiilear uTGuTL G Folutear @emismec, GuTFemem
uyeooriiL g,g,s\) LHOID BEhs CUMBHEPL I LIEOMITUIO| OFUIHE0.

[630T6T0TTEl QeiGovamem: 2 ulger aflOuTGLEilE 2 Hussl, gmenwu GQuEISGs]

;a_mug),aﬂu(aurr@l_&,m wpmd Ceweaiwampseied  UFGwrslssen. @emmaulieen

OBed ANMETUID L6 EUMSBHEMEIGTEN LDGII STLET YOI gemanul SellGUT L sefle

SlgluemL.  upPlul WewT SHEOUD CBTHHME 2 BHOUTHGHSM. SEVBIMBUTNGT LG

Ayridwsdlevienen &emwiLeoBle0 WOHMID 2 oI FHIIYBVF FHLPOOHTGHHB6 M6  HTLI6H

JOY(ININE: 01 8

BHSHLHHS (ppemowimet (PTG hmLD

@evmIemEUTsieen  eueild  @EIMDGHW  (PpHevmeusksl wewt C  eUMIULSHMS  [BHTLD

OysflssienGenmid. moEdeierd  eueil  ymhdHwdbdevieien wewt C  oMmID  eFemenwl

selOur@laeilenr  uybumevd &M (heudet  GQurlB  GIS  sigliuenLulevmes

suenuLLDTeNE  Swifleslul Getongl. oL Geommaular  @aEug  alougmu  Heol
uweTuT (Heefledl D6t GueTD FoUbSBLOTe SHTTeldsT Spuie] Gaunuiul Heterer. @HIGeu
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Bevmiensulest UL UTHSHHe0 1987 b Spewigest LNevteon] BLISSUILL (BTN  (LOHEVTEUS|
elugomen o6 GFemauumGLb.

7.2.2. @mdw FLOOUTHL Guendsalwed wHmLD Haoino Pl BFFTweialusd SEITUFSHS SHHSHILLD
FBSIIL G Hmevej - Gugmdfly 61ib.e7.C%.6160. FHlerO6VBTUISS

S LSH l(psLD

2019 b oyemnged NIFS @60 GopGamarsmiulL @EBS FLlGuUTGL Gustgsalwisd
wHmId Hewio Hlenew @remwiealued SLITUIFSS SHSSILITHE Fod 2 HaTHSLD
wHOID  LweuT e GUTGLG @g,rr?ﬁl) g,u_u u”g;‘]gm PEHBUSHIIPDLW (P g,
Hewio  Blewev  HMID  GHwMS Hewio  BewevdGFl  (Qmed)  USTTHIHEIS
QzTE@UenHUULLD  LSHILITUIENEIW|LD (SLr,rras&,rr&,& OBTEWIL . REHTEL  BLL SHIH6oT (Surrgj
Gueuresig (a) Qeueitedl HBaTH FHiBeTHmenl LwaUhSHSH WenmerdGomeais alensnaies

CLPEVLDT & @efdleutenest BoubBsH5IH60, (b)  emymmTeilwd FOITLemaL(h
@efwGeT (beemsn  BGaMé-slLemwY  FHuTs  wIHPlmLSHH  womid ()
Ls0GlevdeSest RLFL ML SHQUILIEHL WITEED QeI Gim60 LGS W

WISTLGOUT BTN (LpEVLOTS GUENETWILILL L. FTWl 2 _ewfHnenenL ! Gl H6eVmISe et
hEN] usu@eug;‘]eé?o‘ﬂsm FTEHHMS e  OQFUH0  (peooTs  alenensdHmes
CuwuBGssiul B  FTw o auHpmemLw  Filws Heomisemen  alhHH  QFUIHe0
FupbsoTer ULBam 2 U-shHSHLLEISmen GmOETeas (helTend).

amLSSH0 GumOsmeTeamiulL QFwpHUTHS6T

2019 10 oyemiged FTw 2 swifHnanenL W FHfluids seomiseiler alemersdmer Guwums
OaTLIUTSE paIml SITUIFHS SHHSHHLLEIG6NT 6105 G (Welermed QeumpilsyiomasL
Wisd Gauiwiud (hefermes.

. rf;jpr;nrhi;L czu;jpwDila R+upaf; fyq;fSf;fhf So;epiy Ag cld; eNdhj;Ifs;fs;-
xUq;fpizf;fg;gl;| gpsh];Nkhdpf; TiO, (eNdhehu;ZeNdhj;Jfs;) ,ul;ilg; gil nfhz;l
kpd;gFnghUl;fs;

gpsh];Nkhdpf; QDSSC @651 (wpswwowiner  alenansHDID  (Gnlch-FOm  LOSIFTTHH6st
IILFSHHWWD, Ag BOamsHgIHaTHeT MM QDSSC Fmjurs (penpBuw 15% womid 23%
31,60 Guobub s LLHEsTment. gpsh];Nkhdpf, QDSSC @en GowuhsHaur L
(weiGemmmionesig TiO, @rlenLl uemL @aflwBaTliged Ag HERITHHIFETHET (LPEOLOTET
Guougiy  denmedwsr  oiFHTey  elemenelet  cpsoomesr  GowuBGHSIULL @6l
IIBHHMEHF60 peooTHBo FTHAWLDTHMSI.

° s o _soidpgienL w & fué soiisafar slmargSper Gobum iy deTer LG pepuTES
SULESOUL L aen(lp; [HI6soTCHTombIS 6

OaPiluemLFOFIuD UL  GeveoTadl SLLewwdsIULL  DSSC  oemg  6.68%
alemebdmensst  ISHID  QeuellupGsHwu 26  gwwwd, TiO2 P25/ TiO, MS
sigliuenLuieomest  DSSC  oypemg  7.38% alevensHmei et gnigu  14.80 mAcm
ILTHHUmLW iFHHemaleonedsl GHmieh FDOM LOGIFTIHMmS cupmAWLF. elenensHmest
GuwurLreg sPwyFs @efls Gzidemand <6z gFwwid TiO; miewIGsTenEISaMem
gpsolomen @ Wiy  FTwfleomeuid  euFHUIUGSSUULL  (peTGaimmaonet  @efdgisel
(photon) SiBHFHINEHFOTED DY (ELD.

o usGdlear (QUensl ®) g lusmL wnss Gemeni Giged usu@G u

WSu@GEuUTHL e SLUL enodsiul L st 2 soifpgienrw & fus sohisefllar Guobum g e
uOndelanar H1éHHLD

100 mW cm? (AM 1.5) gflwiG@eurel  gefluy Ledesr &p PANI @evsompsd DSSCs 5.00%
elenen S menest QeueitiuB HHu SIBHFLoWILD, 1.5% PANI Ggjssiul(hd
S LenSHSBLILLL usbLIGH W eBTLIG QUITH 6T 6uT g 6.56%  elemensHmenest
GeuetuBSHHwG|.

BHSHLHHST (ppemowimet (PTG bhmLd

o0gl  SHSHLEIEET wWreyd Gevmiemauiseien  QsTIODFmBEHEGL 6 (Hd
BremousEps@HL  Fflw Lﬁlsdwrrugsmg rf,]u_lrru_lrrmrrsm alensoulsd  UPEIGHEUSMESLI
uu_lsmu@g,gaaamgu_l AW UEOEHEIEBMETS HLLMOHEGHD 6uemHUT60 @&wm (&HEMMEUTE0T
2wy elmarsIHnmiemLw  FTw o _cSmaemLw  GFflwd  sevmisemen  alHEHS
OQFuieuens QCBTesTads OBTMILMUWTGL. @RFHFWE SeLBIGT  BHleUenTuled
@mgbﬂsﬁ S yTFS mBleneoulGeoBu BoUUSIL e WOSIFTIHms 2 MHushd CFLISHBTS
SIUDMD peVaumBSGII FFULL UssoEsTS alBhoHs CFuusne Goeieh Hev
AUMBLEBIGOT 6I(hBGD. @emeu SPFTEIGSHET UBIINS6E55565 FoHd OBTeTEnNSUL 68T
QHTLIYUL L 6mel SGLb.
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sHSH_LSHharar (s

BEBHHII L SH6H mug,rrsm CorasmisenTeust YA  FeHevwuwd  yel
GUENTRIGENETULD @ 6dImISH6m1(H &5F QFuisad, o168% BGursd Ozfley GaFuwwiuLL
JMHTGAILETEN  6L6ITRIS 6168 %smmg, Sneme  (WaICaHMISAIOTGLD. Syl L
&SI  euenmiseienr Guewis@ LweLThy 9165 Gured Gauemy oPluiuLTs
UIQLDBIGEIGM6NSH HIL MG BTLIgeT QUIHeTTHTY e mHHHHEGHI UkisafiyF
QFUIWD. BevEImBUTEIETEN Bl mmrmass%bsmgum umen 61ﬂ56015]LD 916 Gumed
yelGeuliu aUeNEISHMIGHID HETEMLOMLI elenmidld QBTETEHHELTEIG
Geomimasulaeen  UTmD  ueWmIGTE  Carmmn  uphl SiFs  elessHms
gOUBSSID. BUDMBWTEeETEN  GILEI LOLL BIBM6T  6UDTeHLLBSSVILD Hesill
GUGYITBIGH 6N 6T Sleumplest o MusHemuibd QuUIT®HENTHTTSH Baxemailemnwiujd
emowliuGsHE wHNIG CFuIBID 2 U HHSH LESNTS CnOsTeTemiiuhalaimet.
Geuliu LOTFTILD Qs TLguTest (TG euTmIgUIT 6Dt ®(h B(HSIHL_L DTS
OeuliugHe b Gpyiguime L&m&rrggﬁmg, Lmug,g)"l Quigmeou|d, i8x Gumed
afle] Qauliusmss silyre] CFuised MM WLIHPUMLSHED peooTd Fal (h-
2 _MusHUIITH WSTFTTOTS  LTHHIWLLLSS qm&,m(‘éaumsnm (PMMENLD Q66N
(WpemwwWTer alenarhHnmer NHBFEHHMEVUID NDUIDTHE OBTEIIL ).

yalQeulu euenmsemen HMIG OQFuBed: Ozfle OCFuwiu’L @ mseafed
UBasmemeusnoliiwied (pemmenodemell LWaTL(hSHHS SWHleod UMl HH6U60HM6ITLI
Qummis GameTeumet QuUTEHL(B H6ml uewilwrerg GumOsTeaTemiul (HeTeng.

OpaibsuTel  OMID  WEGeusLeeEN  LFCHFEIGMNF & SWLGIHmer (2-D
profiling) opmid srHSHIW BFemeuser, LFsmeiors SHGLOUTLLY SulsOLHemen
olenmidls  Gametaugssr  GQuTmLB  GumsTsTteniul (Hemener. GeVD  ByLOLOT6
sLLmWUYSH6T upPlwl SHeusvdemenl Qupmis OameTeugser GuT®HLB gmaerGsu
Grafldalu’ L &Tha0s0MTHHE WwONID HTeyseT CFWET(LPmDUILGSHSLILL L 6.
yelGeuin  sammidaenens  ump  elenmidls  CameTousm@d  Slelmsslulen
QumpLLmer  Seupplet FrsHUIUTLmL  wHIIH OCFUlusHGHID RHBHHEUEOBENT
2 F6al&IIONE DIMLOULD.

ydw yel euenEisemens oisweungriFs OQFUsSID gnosamGeal 2 efeneunenm
alenBIBECETEMHNID: BTH LITEalhHba Sidsenailsore uTenm WHMID Sefluwisuern
wrdfleer Gssflesiul(h Saupnsr seeflueiwe, sSellud STEEEIGT  LHDID
FTHEWILDT 60T 2 _musHenwl afleneidd QmeiTeugei QurpL (b SpUle]
QaFwiwtiul_(Heiteret. @sﬁl HIEWISGHBSTLIgHemenl  LwetuhsHH0  Hysreromsl
QupHBmTeSiu DU BT GomGsTeteTiILL BeiTemen. seflwaiulied LoMMILD
yelulggmwenelwed oLu16|HEHL0 CmOsTeTemiLL (HeiTerme.

yHw OgFevey Gmmeures SOl USTIHSEIBEHD FaNIBEHD: RVEINDHH
BMTFUWISHMS SlQUUIMLWITSES  GeBmemiL o _MusbHUOUTHLSemeN  LWSTLHSHS
SIETEOLON6TT UGS &SHMISH 6T all(hSHH) OFwieusmHE& uflGaT HemesIH6IT
BLISSULL (BeTemerr.  Sjemeolllest  USTIHFHEBIGET  6hFHelH  BMLHeNEVHEHLD
BeveomoBeuBw  Qeuliugemg  WeETyons  IHPWEDIDSES  6U6D6VET.  STFU
RLemg (B (graphene oxide) @@résiul L ST QUeNFL(HHEHL  SieveoLdest
UBTISHSEISNTS GeunMsIonsll LwWaTUGSHSIUL (HeiTere.

Usss5555 o cpeomisemen  alhbd OCFLUSMID FHHA  LUWIETUTL 16T
alemeansHmenst  CubUBSHSNID  FeHemwujd  DBHBUTEL  HDMITLEN6LUILD
uTgIsTIUSeD HelTHS (LPIQUITHETEUTGHLD.

Sl WS IpLuTEAE6T b eumasGUWIw  Gauliugemsuw, oIGFLLOTS
&106 Oeullubendujd UwgleTen LO@IFTIONS  THOUWMIDSESE — FnlQUIGSTEUT GLD.
OFevey  GemDEUTEN, 2 _6iIBTLIg6) HLbBH gl  (QVEINSBD  STFUWILD)
SN GMSL LWSILBSHSH SieeOla USTTSHBBISMET 2 MUGSH CFUIHe0TISH)
wwmdAssiul GerengiLer QuOGUMIBT TATUTTiLEE 2 FluiesTeuTsea|Lp6iT6resr.
OCuwaedfl  oeveg Gl elendmsll  UwWEL(BhSS < MBWLESS
OzTemeoCudlenwt  ISIGmONSEHES OCFeva-GHMDHS DHT6OET  H60CELOTEINTETS
alpeHd QFuwinl Getengl. @& uFy Bxhmeuseflen Gurgl suash GCoHemeusni
FHOFUIWSHHHD HHANWTHCUT, 160605 cJenail LORTGIHMED CLPEVEBIBET REV6VTS
GeoueuiLBisaNGeom LWETUGSSIUL  (LPIQULD.
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sMHSILSHDSTEN DIB(LpsHLD
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ueOGeun Blemevamen 2 MHughdh GeSGDTD. 60g) SpITUEFSwTmg UysTealors il
UGLLS STHBSH (LPeVDTE WBTFM 2 _MLGFH Geligmen Crrssnss GeTeamigi,

BrIE DSTFTOG AHTHTOF F6F  (PETHES SHSULGHIDS. SSILT Bl
IJ@IJLLB_’) SIHHOTEE  CueTds  alehETaISHN Humy HISsUUL  (WPRWITS
fdse0m STBILGIL 65T 6T6L6UTH) BTG FHAHWTESG — QIFTUN  FHSWTS
eleneud %)@]LGOT w6 CEuWNLGEDS aaume BID alamdsd CsTaTuSHELD

(pwm TD, SUSTEUGH HITEIGH g;g,g&smrrasmm RLFFOTHOD  leneaTHH ML 60T
(Wt ANTHT (y)lgu_|u)rr'7 CO; @ 6IDOTEL  LIWIGDI6T6N  GJFTUIGRISHENTTS OTHD  (Lplguom?
G @sGueaunaig e uflemn OSTLjuTar SITiFulsd o 5GuasaIL 6
RBULBeTengl, @ge0 BT gflwGaurelmwl LWEIGSHS CBHTHNFTME LOTGHSHMmENED

G®PUUSE  QUTGLGB  0F0e]  GMDHS BOJWL  elefmwsd  SITUISOWTSELD
(s umm Spuiey GFWwIEGDTLD.

amLSH60 GumbsmeteniulL GaFwbUTHS6T

eoflyssasE o LubBsHsiulL  Bflar  cpeomsr  mSIFer o MUSSHWITEISH
qgjﬂlﬁ]&&;j,g;&& aufwpemmsaied 0@  (PEAWLTHIOSTEDTGWL  slefllanid  @F
BLOUSTIONET  MBIFST 2 _Musd  Wempemwenwd  seviLdul  CeuemigueTeng).
eoflyssiu’ L B  UOsCsGUys  OCamedsellsd  adHfsmereniu®d  umflw
dysfemenwimeng  Quepumeomer o mi@wimer  @efuLsd®seT  Leem@G — @efld@
Geuellu(BHHID  GHmmeuTen  alenemeum@Gd el  SGHLLOUCL  WeiGarmme
sralsefllal  oiFTeUg RS ATEIETNMIGID  HWeNSTAIHID  elemaihImendas
Ifs0sGusmul Qupmis GameTag FaumelGhSHILTGHW. 2wy ulenLulemGsueill
usTissmIBaNed  (bandgap materials) 2 6ten  WOT&SBMENT 2 L LGHSHIHEOTIG
@CrCrradev ulenLulemLGsueflenwd FremwliugiL e @efulbsiulL  @RevsHHTeir-giH6
Bomyseafla U aTevdHmdd SLBUUGSHIMNSDGWIW BFFwH SHemenowemLwGSTm
2 sHum@. Ar:H; eutwsseflar sevemeuuled (550°C) 2_wij Geuliumlensouiedo NaBHa @est
FSTEBHH  cpeoons  SrTiOz giseiseiey @Lldgar  @enLOeueilds GHmOUTHHMm6NS
sirewi(heughedr  QumpLLmer  @F  cpGeomumwionengl  euGdslulBerengl.  SrTiOs
glsenseier  1smer o wj GeuluBlemevd SHTosTaE  @LdFa  @enL Qeusilseies
sryewions  SITiO; Qa1 @evsHyen  IHLLMGEG audeuGdssl, H: QFumurliges
GO S555 10 WLEIG GCLWUTLBLET Fnigll HGD LeoeTTesSHs 2 UNFLIL6T6T
SrTiOs @eflwsdulsst elpsHenwsd HPSILGHHEDSE.

Osvedw-usmL. FFlws SevmiBaiear QFTHeomILLOTEE QFeveydnigwl Feldbsear &l
BVEIBEHHGIW @F Syaur@b. SeflOwrel Feoemul B (ShaS3) &#flws  BevmiBen
SFHEWeIW  DBHHMEhFIST  @amlenembsiulL  Burgk 7% @b SiFswoTen
alenanshHmenet  Geuelssriiguleiener. P3HT @ gewend &LHHU  USTISSHLOTHS
Oareni(h Hewio euendsGHw SbySs gflws @evmiEmen HID alHHEH CFUIHETCETTLD.
SbyS3/P3HT wgliuenLulevnest &ilwids sevmiseiles  alenansHHMITOIL  DICTITCTOIENEUTS
4.0% o@D eIRIUGILST  HOOIIYD Blevenosealsd 2 wijeurest o miFssHaIenLomuluLLD
Oeuefliu(psHHIHaimer. Qs Hewio BHenevdsGfw FFlws seomisaiear  alensrshSmene
(weGepmieusest QuUTBLB puleyseT GmGsTsTemliLEEement.

Bl igevieiien HCUTHW LUyFfemenseamen HjlLgnater Hjeyseilar elmsHs
ugmofliy Bleneowriseiear &Wfle] Bl uflsTrsHsE 2 LubhdHseussr QuTmL(H
UGl 2 eV @TemM BT el(hHdh OFuIgenGemTD. 61HToUHLD LOTHEIHETED
uflaniss wWaIGeBlyser GmOaTeeniiLL asiTermer.
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7.2.5. spmrLed alehehmrean YITUIEAE BEESII L LD
. NIFS ®; TWIFADH SHHALLLD
FBSI LG Bmeveuj - Cugmdfiug Cursmer oy

sGSPLpIheTear DifpsLd
QUEBLDUTEOTET  SpUIITENTE6T  SHOHMTLED  eillEhEhTRIHMmS @ @u(gmnasg,ﬁm@mu_l
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sMmSILLmTEEH 2 60l  SHralmers OQupmes CQsmeienailwens  Slsdevg)
Ozefleupm, @aipw Had euemguiled HTey STERILULTS RevmINHUTET HMHMITL 6D
Ay & Hemevt s emen (WM Qe 6T [ 611 & 68T Qumr@mL (b LP6VE Fn M) L L &ge0
wempluGSsIuL (etengl. NIFS et a&pmmLed  aileheh e 5& @j,ullmds GICRIE
euerfloeTL 60 5smuu_|w e FGped GFuPUTHSMETUL DUSHSHILST Hifle BN 5 WS
sLBUUBGSHID 2 _6Tensd &;rruezmﬂ&ssmmu umils @g,aﬂmu@g,@msmg,mw EMLOUILDT & &
OamewiLgTGWw. 2020 W ewigsd, Bzxfw, Jdrrpdw wpmw FFuCxs
SpUIa gL BIEmeNE  BFfHs  puleumenjsel  @Qumens  bflal  HrHIHANGSGFw
SLFFTWIDLOS B bL &S upmlu LOJLDG M & SIaTNDLILIGH 60T QurmL (b
G 19 60> 6301 551 65T M 6VT T .

amLSH0 GumbsmeteniulL QaFwbUTHS6T

Wsiioufagmipoll 1Nflens  erflifwormmed (Electrodialysis reversal / EDR) GawimurLmeng)
Crie SIWSHSHMS DeuppieT  WeteuTwisEpsGL  LIFCwrdd@  sidFrmmmen
OQFwei(penpenwd  OaTawi(BeTendl.  @UUIQIPHDWTEIE SGU-GITUmLILGSHSH60”
Qurplpenm qevdlest ELPEVLDT & SjwieT-ufiormm QoeFeiea BHefls (IEMS)
SUFSTRIGHIULL SmPUYH0  CaroppliurlienL  (ppOsTemyousesr  QuThL(
ool dwionen  Wetteuleanipwoll Tflenssd (ED) Osm@Haendsatar @F OsTLiFHenw
gmuGsHwerengl. steusurmruienib, EDR onglinenLullsves seugsmmed HNyGuimsmisens@

Sieumnlest “au-gImenluGHH6e0” Qumplpenm ey Sjwiest-ufiommm
Osiigsia|seafevieien QLOaTF6IR] HMDLIPHOTRIEH SETMIEUM]  FouTeoLllGHHHHTHE6U
2 6iTeng). 2 60F YRMINEY: 320 37 @)L miseielemen FOUTSHHAENLOENUIL|LD

AUSTSHETEMOMILILD  DiBDMIUSDHTET  (Wemmenoulest QuThSSILTL L HIBouBs
@56 CHTEHELTHAETNS|. 6105 SUIFal HMS SlQLILNLWTHS CeTamniL GlLosiFeiean)-
SllienLuflsomen (LpenmenLowWITedl alenaihbHmes WAIIHEHEHEEHTET 2 1) 6vuTITHLl
uweTuBSSUUBLD. Gogid B 6vmIen s U 6ot sTfWwgHemsLl uweTUBHS EDR
QFweapens&HdH Coemeuwrer BT (hbGfw usTisHEmEIE6eT alHHE GQFIlLBLD.
@eucumLSHaien, rpilwemwasliu’ L. EDR  Gar@dwumeig opuiagal L SH6e0
QuisasUu(LD.

‘ &l alBHGHE: BT LeOCMILL L SH(HHBBIHENENTU|LD LOIQLIL|EHSHEN6IEI
OamewiL  paufiomesst @hsslulL  sTfu @lenslewL  (graphene oxide)
OaTEEsaaMGmTD. @Gsslu’ L  &TfwusHear  (graphene) o meusmoliumeig &
Ay (Hemseniid (&HMMLILIGET QurmL B SIflQurpiliiest CLPEVLDTEBLI
GumilwenpiiubGsHaIuGL.  GCauaBaum  SflQurPiiiyseEbLear  dnigw  sTfwbHe
BuieoysEpd UeBIILUUGBLD. BFGSH SHaemwwmLl 2 Gers WIS alenJeuTsd
glewilougsest  QuUTBLB 2 e6Tens  Weialysmwer  (pemmsefest  psooms LS
UBTIHSEIGMT]  LweiU(bhsHs  omoHmwendsiulL  seoeomy — GuTem  &TueT
WsteuTuwiss elhed QFuwiu@GL. Sefwmer ussiwrs, sl G 2 Goors Sweiserie
Oetelygmwer Gemmsrauiassts Qeowurihbs  Broeiu wenp (one-pot facile
hydrothermal method) eweviors enpsyFa-TgH L LLUCL sTfwwrerg (Nitrogen-doping
graphene [N-rGO]) Qan@ésliuGw. @@, obsygFa QFMeurer upflumeurerg N
(e GeumiQuIT &g Qg fleyGFunuiLGeugIL e N Qe BevaFyeiied
Bueoysemen o eenTihsons  rmiwews@Gn.  Casmiurl Ga@Gilu ulymss
aslLenwoly, Ulpemnsd @QenLGeusil womid smfw BHeeseier oLjsd, 'GO, N-rGO
womitd N-rGO o e gapuw HY( I )eopdwenr Quantum Espresso (QE) (public domain
code) @i LWATUGSHS BeNBSBLILIHGLD.

pheowl QuppstsTeughaTer LHw  WpaiGwreyser: Sy  eutelF  FyTbsd
womid sl SOMIl UBGBMS (PBTEDSGHIO (WMo E6T Spdlwen Bglenwil
QupmisQaTeTauge  Qurpl G — wertGwm@uwiiu®G.  senell  opomil ubBsms
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werwreureng FammalLOmbg BEHamwl QuDMIECaTaTeusaT QUTHLH Senemriiyl
Guprdflwy Geuul SieuTHEHLET Fnl lgenewibgl FOFUITNGSILGLD.

LSTSSEIB60T B SBIUND [DTF6DL &BT60T LB TI LoD
BRSPS HMEVUJ - BEVTBIG 6VBLIDTEY EQUNTSH60T

SHSI L SHDSTn SI(Lp&HLD

aoorLed eflghepmen ouyruIFd PlawsfsHlLiwoneas sglumL wpmw HrGwrs
ehepmed @uewtigMGuflw el wiuyiurss smSULGE DS, sTalsuTmTuiaid,
NIFS @60 smmrLeOFTy opyruisd PlawddsHl LEIsmen @UomIsmLLILSD g
Coupul LBy o uTwgHmes OETEmILmLBHI6TNS. 2 6TenTfhHwrs  NIFS
SOPTL6Y  alehepman pITUIFSH BEPFASHLY 2 vdlal I JeusHIs G w
@ 601 6em Buflevt SFMMTLEOFTT Wy & Fem et 61il6vt SIIQLILIGHL UIT 60T &l (6h (6h T 60T
SILD F T8I B 6W 61T Qeuerils Q& 6T eeN S CrTaaTHd OBTEWIL Fl. FMMITL 60
wn&ng,e\)nems‘%J peier oealmsSHullar HysTer almereaseaisd @@IDTEGHW. BT, LD
wHmid  eueMullel(pBHSHT  THL USTTHBHEIBEHESTHN  LUFBTIIOTRIH  &(H 60
QameTenliuGEmgl. @upenasuisyeren  I&I  USTISHSEIGST  SlgliuemL L
Qurmlpenm & erileot & 6301 & IT 63011 L1 L|LD aflenmsi & BT 6T (6Th B GVILD TE 111
WaAWTaISTGW. BOMTUUSTISHSBIGNT LHMID ol GUUSTTSHSEIGNT GUTEIM
WeTGerMmETIOTeT LSBT & SHEIH6N usbBaumu L. pGuwrsmisailed  (psHEW
aAUTHSHMmBHDH 0T 6w (H6VT 616wl

BsMHSI LGP BV GHBEHD  GHNECHTATHEDHD LTFMLHMVS &L (HLLBSH60
wHMIL SN SGFw uflas Ty g dlest QurmL allenendhSmeridlbs  HGeITL
USTIT & SHIEl & 60 61T all(HSIHOFUISNILD, BlGwTemevL (H&H6IT, Fal BLIUF 6L
USTISHSHES6T, @evmlendd STFWUD O  Hawiwds  sPesemen 2 wif
Gzomald@ilw  @me aloanQuTBLeaTs LIPHWDLSS G666l @& lw
USTISSEIBEHSGHU  Quuindl CFiessbTGL. @5aTGurgl,  (POMLWTSL
uweTuGSHSIULTSH  edeums epeoll QUIHLBEHW, HWal QuUITHL SEHL LSl
usTiSsEsmen alhshHd CaFuicusm @Gl LwesU®hg sLuH S et me.

amLSSH60 GpGsmeTemiul L GFwpHUTHS6IT

zwmur@® |

glenisamauie umwenes s GUUBSHID sTrewiwrs SDS et 2 gHaluyL et HGerT-
BBwmenevl L g QBT EHEH60

Qzwpur@ I

Fe wmmid Cu o0 womppiwenwossiul’ L Gwremel (b easdseafear OFmELY.
uewTUPiEHe0 WOHMID 2mEHF QFUMUTL LG SHIemNSHe0.

Qzwpur@ Il

NOx, SOx sTHHImETe HCWTeneIlmL LIl ILTES GBTeRIL 2
Qzwpur@ IV

2 _ulfler @emewialhaETs 2 WI-UTSTHSs SHlemdmasaiet Gomuylienu
LTI S0

Qzwmur® V

OLEIEDsTen usHsl uTWIFF FHifls QFuDuThmLW CHTUIBTIW 2 LS]T6amTd
Csreduia aless

201910 oy emnget (oHBWSHUD Oes elehepTer ITUIFS (L6 HeT:
o  BCam-PBBuTmel mLH OFTGHLUUSDBTR FHp6d BLLUDOODHSE (Wpemmenoulest almhsHd
o  QLEADSTE uUbsL UTUFF GrTUBTaww 2 usyanids 0sTGHHUIST almHHd

8. ouerf] 1oTFaI FeVDd Tyl AN NTBID
BBSII LG FHmeveuj - HVMBIE 5. CuTsusHs

ouell oTEFTHEUTENH 2 evdenmal QuUTgIE &FsTHTIL  LgFfamemwm@d.  eumLIBHSHLD
SietewieneuTas 7 Wevedlwem  Buy  euell  TFTHNIGEG 2 6IM6NToUBT  CLPEVLOTH
Bnsdemeny. @&6u CrruisT oiFSaly BlemeoujLer GHTLIYMLW 2 &FF HMHMITL 6D
DIUTWES STTEAWLTESGHID. Bevmlenaulsd, cuell LOTFTHMIGE 2 TeNTHETIH Lo6HTH6Me0
LM 650116 &b HBTHT] SIUTWILDTHE6T6NS|. a6 LOT&FTH60M UG
Fa0aILBISEHSGWPFWE  eaugiLe  GOUILLEOsT®Hm  LFCassdlevieren  (pps
GRHeSTmHUL 2 L ubdmgl. B, Au sifsfluys gnL GRsH0sTNS Lol'_l_g',gsi)
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2 W SUTWSMS GOUBSSETD. euell LOTETSNIHE 2 6TEMTHOTEIG SHOUTE LoHDID
@sweairedy  Crpruselar oiFSaly Homewsd LGS OCsavdng. euell LTETHEM
(peoons  gouBL FBTEHTIE FJ6sLTas GuUTmeTTTy auenj&dmwun <16% Gumed
BEVEMETUID  UTEHILGET  (peOloTd  Bevmliendullest  QUTHMTHSTISHHD BHTHBHMBF
CrISSIEDSI-

auelll  TFMLSH  THFUHEUMDSBHOMEIH — GSTHTT  Sumtw  HibGseame0
WEAWSGHUWPOLW  Gs0sTems /[ SEBUT  WLLGHeomen 2 L LIL 60Hm6ND
sElIuSDH@GL UWETUGSSILBESIDE. “alefl TFMHLH0 OTHFUHUMIDSHHED OHMILD
&HTHT] SUTW LAISG” HSHLSIHDGFW GeuTearg Qeomensulst BHaEy, STl
ymeiseildeien  auefll  TFmLGmev  THAWGLILBSSH60, 6lell  OTFMLSHeVIL 68T
OBTLIUMLUW HBTHTY SUTWSHMSS Heullnih OCFuiHe0 wwOHMID 6cuell  DTFMHL H6O
asLpuurl B  (peopseflar  (paiGammsms  wHUIE  CFigmen  ChTosLOTHD
Oxmewiheengl. 6leBeu, HMLSHIOUMID HH6ULHET UTHIYDG 2 6T6NMTHHHHD
GWssmeTD, Hs  suTwsSANGIW  ICsemismenud  QIBISTERILSN G
LOTFMLSH6M60SH GmDIIuSMHES QB IT6IT6N B HEM 6 Si(WeoL(BSHHINISMHES
un‘]ﬁ‘,gjsmu&,smsn APEIGUGDGLD  UWSTUGSSIUL  (PRUD.  B&GpalamienLul
PTG OBTETDSBMET  SIWPOLBSSIUBE  (WPEOIDTS  6u6Hl  DTFMLHEM6VS
&L (BUUGSHHIUSDBTE LBHTTHMS EULPHEIGLD.

7.2.6. amjLiL), Fpeluev OO FHOLE 2 uifliled YFTiFAE B@SIILLo
BB LS Smeveuj - Cugndfliuy #CBgag Li.GLehFiismr

aeig SpUIednL HHev g;m@urr@gj CupsmeteniuBl  SLUIOH6T 2 _60&HLD
UITSEYLP6ITeNn  HeJ LOmID B  HOOSTGHHBNMIGTEN  HTOUTEISMETULLD
alevBIGEemenud uPpPlub, Geommauler Gom@ WWmensEHTL JHeMsveTenaTeunHenmLI
upud @f eIGFL umjensuenwu|ld OQBTevI(HETENGl. 6TaUEUTMTUTEID, (LPSHEVTENLOUIT 6T
Brrasrarg GUBHLUTILD S LaumenlUBSHSULULTS (LpeTenboHamrgedssT oMb S
STEUTRIGTNST LeOaUmBENID LUDMWSTGHWD. 610G BILIQET (Lp6aiTentbHentged allevmiEsert
Quepured  PHSTUIe] QFWiULTwCCW 2 etemer, QUEHLLUTELTET S U16)H6NT
BTevellHGHI BTELSHHD BHTHMD GCUDHMENEUWITGLD.

amLSH60 GupLsmsieniu’ L QawhuT®Bael
+  @evmimauiaiensien Goblin flevpdseien Gxfley QFuiwiulL Frdsefles
(Araneae: Oonopidae) eLpevLomest eLpeVSInDMIS  SHETTEUTEVTM
+  @evmimaulaiensien urud HevpHaeien (Araneae: Salticidae) epevdbanmmid
sewteureommId OHTGHA LM@GUTLIQUIEVILD

7.2.7. 2_cworey QUFTLIST YJTUISHE BISSIIL L LD
BBSIH LG Hweveuj - Gugmdlfiy Gey.e1io. meomild oflEsmy

SHSB L SHDST  DI(LpSLO

NIFS @6t o _6wi6y @ramwensd SHHHLIOTTE 2 awie|ll UTHISTUmL (LPHO\SITENTTeUSH60!
QurmL(p LweTUT(h (GMMEUTET HTEUT 6UTEIGEHHGU Oumiod CFFIUSNETS 2 _6ami6]
@rerwer AyGwrsd umm opule GFuIaImE BEToEETEHd CEBTEILSHTGWD. 2 el
UTGHISTUIUTENS|  STVHIEN60  LOTOHDMLEGD  HBlensoulsd @evmienauisd  BmhHw
WwHIAwsSHWmLWEHTT UdrFflemenum@d. @bsl  Uearsareniulsd  @evmienawimeg
srouy  euenmiseflesr  QaFleurest o _uljl-usveumBmIDMWIE OBTEIIL  SIUIGITLOCIIIL 6V
BILTE  @GUUSSHITE  UWaUThH (GemmeuTest  STeuy  euenmsEhsGH  Gumiod)
BxysHmeomeng @F FMbHd 2 LTWIOTEGLD.

aLSH GomOasmeeniulL QaFuwmuTHaser

SLTTUIFS &g,aﬁ]u_lrrmgrr&é]u_l QF606. 6T610.6T610. LDrrueﬂrEhas SieUT 6T SleyerodH Bredluimedest
lﬂ@m)usoﬂuj]s\) 2019 b oEwH STTHSHMD T 13 b Had BOLOUDHD FFouBsa
S| WLIGOTLDGTITL_ 60 eleugmw SLTTUIFS) LDBITL 960 Um0 Tei(H SLITUIES
(WRQeuTaTemPU|D  (PHOSTEITHSI6TENTT. 6uj Wemi(Bd @evmienasuiesr GsmpLoLiled
2019 b oewi(h Speuewi WIHW 08-09 b HaHweied HMLOUDD 6feuFTd LOMHMILD
2 ewieyll umgismiy QsTLjurer FJauGss IBTLIRsd UBIGOSTEw(H  LHDIGLT
SLITUIFS (pgemeuud (PHOSTEIIHSEIGTENTT. iU WevHD @evEIenBUTEHT SHemTgulen
2019 1D oyemi(p opell 12 10 Had BOLOUHD SIQLLMLS SNHMBBHEHDHHTE CHAw
BlneuensHesr Qenmd allehepTelldsT HHBHHIMISD (WaTOTe] eatenms QFUiIgleTenT.
omiFH o galwumengrdlw  Qgevel JHEET  GHewITHeT  SeufHel  BGuUITHemenll
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ueLsMmeVsspESHE  PGIS @1 RESCON-2019 wrpriigsd umiGosmesmi(h — oLuley]
WOaITeTensT (Weiteneudhgisienty. CuymTAiflwy merdmid wfésTy Seujser GuUITHenell

LIEVBEM60HBLDBSHH60T BSc (2_cw16) el(6h(EhTevT(LOLD OaTledmIL LI(LpLD)
i Ik 30 Y S Y- 317 UTL e Test 6T 16,85 BT 60T (2_ewie ol6hEHTEaI(LPLD
O THeOHILLI(LPLD) UMBI& ST T 61T BsuemsvliLL L snmuilest QT GUGITEUTEMTTESLI

umigUDDlweenTy. Goaid oieuy Gumaemewt - 2019 FFeuGzss wIBTEH, GuUITHEMewILI
ueLsMmeVSBESH  PGIS a1 RESCON - 2019 wipn@® Gumesim usbBoum FreuBsha
alehepTerr FehFemaBEpSHTHF FOIUNESIULL  MHBOUIIDSHHI BHOBM6T  LSeMTUI6]
Oewieugmasmen  elehepTerrd  (GUele  euemeuTenyTe  Sjevevgl 2 miferyraeeh
QgwmpuL_(HeTenT.

Guprdflwy mervpd Lol @{mu&,@m QFsva Ué]asasrr @mug,emeuw 2019 1> opemi(h
Yyl WIFID 26 GHTL S 29 1D Had aueny BLISSIULL FeouBFen Hewism_lulsd
QUGTTEUTENT&EMTHLI  LIMIGUMMIU|6TET60T.

BT IgeVI6Ten Flosmev el WwmiBemen (WHOsTamjousn@ alhHsHOFUILIUCL. Beysel
BeuumLSH0, Sevmiemauispeien  CamsTul useiLed  QFThaFTensvsaTled[HBS
Gupliup e Gzpmismul allengGsueilujemmasemern 2 L-elensmQUTHLBMTHL
LweTUL(h & & 616060 S UWIGUTEOT S| WO (heHaLILLL G). Fyedliument Capmismul
alenaGsusiyenpwnergl alsssalmpsde gnssTy 18% Benpenwids &g (hLILSH6
asTyewions, OaTfihFTencusaiey LweUGSSUUBL 100,000 BpmisTuisefledHBHA
30,000 Kg elemaOeuaiiwenny Guplinheustads @Seilli®h GaFuiwiul (heTengl. 6og)
spuieureng 2 60F almaOeuaiwenpule @aiGsurm 2.0 Kg Menpujd  oiewmiemeneuns
900.0 g ibmemeu alenenalliLgTs OeuefBHTLIQU|6TENS). 61601 B6u 100,000
Bopmistuwisefedpbg 6750 Kg elmseusiujemnm wwraumengd o pusd  GFuwiuc
Wwuw. Selcuemaulsd, o U2 pusHl  Qurmeier uweuTLTeNgl  CxmisTulen
QurmenmaTyl GQumwdenws GbuBSHHID.

7.2.8. UBTjSS5F QFWIUPDUILBSS) WHMID FTSMES L (BISUTEDLD YJTUIFSS BISSHIL L LD
BBSII LS Smeveuj - CUITAFILT gf.24).6. &Lomy

MBI L SHDETT DAM(LPSID

SHSHHLLIOTeSIGH STFUWID, STFULISHMS- ~QIQUUEDLUITSS QEBTEmIL. FTHEMEISET, ST L5-
OameenenalEsT  SpFWeuNHEND @{LQIJIJGD‘)I_U_IIT&& Qs TevoTL ud](%&rrgsmsm LoHmILD
UBTIHSE  CFLSIPODULGSSO WODLD  FTHms  SLEGMTGSD OO L
USTTHSBISEN6N, ﬂug;rrso‘rwrr& Lm@@&@u‘]m QurpLsefelmbal 2 HeuTsslubLD
UBTIHSEIGMET  SgliuenLwindd  OsTewiL  SHflwd  HLRIGEHLEID  6Jen6uul
BevsAyaiwed FTHImIEBEHL@ID OHTLIUmLW  Seni(bllgliyssT — Spdlwieunenm
2_6lTeNL &G HSBIMS).

asrfwl uylenu elflFers@GHHe0, DiGmeT STFWsh SL(BSHNTS LTHMLMLOSSHED LONHDID
asTfw  OeLelW LILEUEBIGMET o (HeuThGHHe0 GuTety STFWSHIL T  CBHTLFLenL W
ueisEp  BeusHTaiusd 2 usFeuEISaNed SeuDMlaT UWETUTH uppiw  SpUie|b
BesHBH L SHaITLTE BumsTeaiamiuhdsamer. Guweld, BbsmeHH_LSHe Gurg
Wsad Geeiw JssHHMEhFmBEGTW FHflws seomisalad BF &flus SHeomisaTed
uwetU(hSSUUBL  HieweT SLSBHIMHSBL  USTTHSEIGHET FOUBSOTEHA|D  DLUIITEIS
BumLsmateniubGESING. BEHHHBIH_LIoTeE CoHmiIsTUIF ATlenLdel Gumsim sfall
uUsBTiSSEIBmeT  L5-Q@Teenenealser wHMID &flues SeomBaNST 61T  WleTEUTUISEIT
Buresim @evsdHreilsd smalsaied ussFUUl L yCwrasmiselar QuTBLBH iHs
glemenn  QamewiL  @evsHreflwsd  FHAwred < SLEHHD  geululL  sfluns
wrpPluemwssemeowjd  CQ@TasiheTeang. @emienadd &TFWSHHemHbSH  uhHalHSLILHLD
elfleurdsiu’ L smfwid B wooi el S&sHsfulipsTsad Bilsd  gDUBLD
eTent@emil FBGIBmeSF SFHHsNIusHETE D LHCFTHGSUILGEDG.

aBLSHe0 Cuoplsmerteniul L QFuwmuTBset

CapmisTuE Syl enLulemba 2wy e BLSBIMBMUILLD oiFs Flemen OQBTemIL
gau'L sflowun o pusd QFUusmaETer @ eefu (WenDENWTes bLU16bhE
2 LuBsSILGEHDS. Be gL Gsmeruis Ayl e ssfwneig 175 F/g
wLLSING 2 wissiulL Caretdnenst aupEIGasv6 W-OaTeTenal Weteuruiseres
2 meursssHer Qurpl HU uWSTUBGSSIUL LG B-O@TeTenal OeeUTUISET 6UIPENLOUITS
girenmésliu’ (b eFeuliul L &iflenwiuLb emesorliLimenestu b uwieTUBHH b
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asLpmaunssiuGdeamar. BTD  QETeUin@fw  deewiiuremer  GuibenaWwITes
ueomliupll  urenevll UWETUGSH FHu_ BeTGenmid, @HETT6O LEOTIILPL  LITEOT6IG
Bid smIFelled HMIWNSH SHHTMOWMLUIL SLmBWTe0 OameTensnaiules UToUmeD
sTeowTeans  JFsfesUul(Betengl. @6y emssiulL  sflulst  wHDIGLTEH
GyGwinesioneg &mw-2_cufSnaimLw  HGilwd sevmiseaflsd  (DSCs) sidjdemeuruwimesd
uweTuGSSleuser  QuT Ll B BLHFHID Qeusiiefl @UenF (b Hevtenimiguisd @
Oededw LML WITHI LIRauTdGHoTGW. FHflus seomiseaisr 7.85% alenansSmenmeisi,
2 Ut usTissmEalledmbs  CuUDiLBGHED ome@GEadGalUl L STUNET a6l
ageaumisafedpbs  QuplubGdeam  Guponemisensn  Wehadlaimg.  CFmHens
smruuraiseiear sTp CsTHBemsowd 2wy opelwepssd DSC sefler  BewiLsmev
aArHHaemwenwl L HUUGSSIUSE  ETyemions, DSC sefled  DUIETSHETenLOWIT6D
FTUBIBMET HMFLULTEIHEMTEL LWSTU(HSHSHEI060 SUI0SHHEUTIG S TTWlLBESIDG.
B& sregHer Gurg GumGsmeteniul L wHnGwLTEH opwieyl ugliureig Cul & siensn
BLHFH60 USTTSHBHLOTHL uwesu(hGSH perovskite Hflwidb H6VMBIS 66T
asL(pmounsaon@n, @a Cul @t eeflu iWssHINE  (WemmenoulsT cpsowrs 8%
alenansHomemeill Qupmis OCameTusnE@ aPFMWLWEHSMSH. STFW B EIS66T
Goull  uTemmEeied @emewibglenen seyd STFLSMS pBDeUSHeE  GQUTEHL(HLO
aueury  GupluGdearny  srfwgs  sHiEmen  Wewas  elflurdsiulL  sTfwors
wrpPlwemlusn@e @F eeflu @rsTweans SmyFameoll LWSTUBGSHS Helldsieubidlss,
OFev6 - Gmmeuret, RBT-HLmaUSGIW (Wenpeno @etenm BT alheH OFuIgeTCTTLD.
oTemIQemIs B Bmen  JBHMIUSDGHD SFHS eTawiCamenwt U1 FUIeISN G
@eueurm Wema  alfleurdsiu’ L srfusbmsl LWSUGSHID @F Haldbgeubdilss
L|&I6MLOUIT 60T (LPENMEMLOEM LI [BTLD all(pH QauiglenGermLd. Goaid,
BF0sweanwmpuilelmbal aumalsslu@L Wemaes elfleurssinl L srfwiwmerg Siyieie
2 _MHusHH@SGHI LWETUBSSILL L F.

BTLIgeVieTen Flosmev el Wwmisemen (WHOsTamjousn@ alhHsHOFUILILCL Beysmel
el HFeymem 2 _euaenmalw @F LFFfemenwunsd SmUUEILT  eTeniGemiuis
BSo BN FSHH B HBHE0TEIG) Felliy L (HSHSIMSHILD QgF6v6 FnlQUIGILDT 60T
QFWLIGT(LPENDEBENEN 2 _6TNLSHGHEIME. BBBTVELLSHHST CuUTadl S5 HSH 6TewTGlamienw
SBOMeuSss  QuIELBL  Weatsumwl &L GHUTESSIHDGWTE  Bens  alfleurdsiul L
srfwsHar  purnamisamenr  aufssamWlLbBHHeusmETer  (Wpwndenwl [T
SLTOLISHITCeNTD. Bevddraflsyd OaTfinFTensvsaiain HCHCUTEL B wHmID el
AUl Curaid  LWSTUGSSIUGHIID  USTTSHHHMS  OTHINULIEDLOLILIGHEST
QurBLGL 2 wiauter GQuIoTEd @almms CFJliugea QuTmBLBL ygiemwdg i
SobsCamy GFwerpenmuiet cpsonsd 2 HeauTdslul L ResHraiwue FHurs o wi
BLSHGHIMBWMLWGID Hlewen 2asb@Galbslul Lgioner CaHmisrulF HArlenld sflumens
2 maumsslulL g, @QF OFweiupenpwrerd sHelwrms Ffw L GHCT  Bis0evg
utflw  GaTPinaFTemey  LLGHGT  BumOsTeTeniuL  (pD. @eleuTpiad  Sifla|l
GQurpLasemmdw GCapmsTwsF SArlenLsmen UwWaTUGSSISTHIEH OLEI@ LHmIb
geneiw  miemblest  epsoomsll  uFeydlem  CrTuisemen  @eveumOsTNsGHL  Cadlu
WWDHSAHGSD 2 MIHIMETTUTES HNLDEBIDI.

7.2.9. mimiswnsiz] 2 wiljsOsmPleOmI  Lailie <y gTuIFAS SHSHI L LD
BGBSI LG Femeveuj - Cugndfiy smiblefl GFaflaiyser

MBI L SHDETT DAM(LPSLD
16U UTSITLD-DIE060T S, @rB6v, Bgmentd, ) EX)) AUNBHBHIT, Bzulemev,

GurepeudmISETs BTD 2003 e 2 uljiuenL 2 ulfler-o grisensens [(Biofilm Bio-
fertilizers (BFBFS)] sewiLmbgisiCGeanmio. @& 2014 60  auiSssWNILGSSIUL L G).
OpevednaTas @& RRDI o Lat @evenibgl LUsHH00aTLaND SpuieysHE 2 L uGSSUUL(H,
aleuFTulsefen auwsLB6MED (PHI(LPHIe0 2015 @Red SIPMWPSILBGSSUULLFI, DISHSHIL 66T
o2 pusdHunerg 2016 @ev APw  seneled  uFHSHLWNLGSSIULLS.  RGl6UenT,
BFBFsei S UWITSHEETE  JoBIHeM0 OBsd  alemendgensy 10-30% @edmHHS
IPBfHH CHFLWID aleugTulsenmed LwSTLBSSILUGL GrgTwer NPK euemad @il
o grismen  50% euemy  (GmmH S ieTeneT. aHFETHH @aTwent 2 [risees
Boas@GLHmw HNSSHIeUSHET (peoTs @eneu HTLgm@ Wevelwer epuTwisenst GFdlobs
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aUNBHTIUFHIL 3T, dseNeET  SLCITHAWSMSBUL — HHOTLEMEVWD  UTHIBTHGLD.
BeuGaleeiaEsHaldD  @evmiensulst  aflugrwbHer Qurml G CapFem  oHmID
2 _UNFLILF 6N em6IT MW BLILGSH SIS ST 60T FHCL05H G FemHugluies
GTENITETT B (HAL T RHHNFHTIMS).

aBLSHe0 CuoplsmeTeniulL. QFwmduTBB6T

201910 oemngest  Gurgl  BMD  &FOHOTLEL WHMID &STHTIL  ugliysseiieo  BFBF
dywrasder  QuuGumiseT ump) opuiey QFUISETCTD. @ opuieled BFBF
ArGunesdes  cpeoors  CBeOMGGIW  wemienlar  Goésw  (SCS)  Sidevg)
BEMEGHFWLLHHSE0TEG) oLU16Y Qauiuiu L gL e @6vmienaulent ueLBeum]
LomaUL L BIS6TeVI6eTen 25 gmLquraTuu(Bg,g,uul_l_ SimeilL BiHeflsd wimev 2018, &M
2018/19 wmmid wimev 2019 pdw ey SGHHHHS LHMUBTOEIB6T6D cleuamulsere
@remwer 2 grEmen WISATD uweubsH CumestewiL Uywrsssiie  @uilh
CeuwiulL gl @z euslwewiLevssis@Gflw  CO; @a1  Senanaud  (GHODUUSDES
SuFlwioTend  eTUGIL 6T, LLBHTem  GeuUlILTHMEOU|D  HTEUHIEN6D  LOTHMSHENSHU|LD
SEIUSHGL afFmwsSngl. Gevld, @HHTURT eUTaIUSGHET (LPEVTS  SHBEILF
OFeveuremienwl FLIgSHCEHT6TEMEVTD, DFHTough iFHEenalsd CO2 @ QsuafGuipmisdaim
Gamfeowwiorssiul L. Brhaer SCS @ear  cpeowns  Hog — wemiewnllsd C  mb
semehFWLILGSHIEEM  BTHBEDEHGU UIGmHF OCFsHIdemer. aleugrullserien
@rerwer o Ju uTamals@ 2 LLUbHan Guress aumLTBS BN CFwemss@fiw 2.5
Wevelwient gosisemen BT BFBF dywrasdng wrmm®G FuiGsumomuist, ibBsHs
BHSI m@l_rajasa‘ﬂsu BTLYST  QUTHTTHTISHHME Guoeond  ca. 190 NeveVlwiest
HUTWIGEET  61bomed  Cajllesd  ampusTeal(he&GD  6aIUS  STasSIBG W
suemauled sewiLPluliu’ Geengl. @58 GunGuPTag Caulmel LUljEF GFwiamaulaid
DAUSTINBSUILL BTG, Bmevd STUISMN umBHeT CFHM UMBHESFLTEUT DIe06VS
BeLemeLWIT 6TaTUMBS Hiewleude QUTEHLB BTD @F slefl Spuien|dnl  (LPENDMENLDENLLI
alped  QeuigenGamd.  @saGurgl, Heavannsssiar  aemjssuiar  QUTGLG
Bmevaellal @ eefll  SpuiaEaL  ueMTULTEIS BBmaTs  Slelougea  GuT®HL G
LwsTUBSSULL (HeTen).

BILIQGISITEN FLOBTED 6l WBIGM6T (PHOSTEaSDES almHIHCFUIWILLL STassi
2019 1b %GWLQGO:I Gurgl SWurhBHTLeHL, GUTEVSTEIMIENE, (G (HBTHE0, SILDLITENM
oo  waHwEsmer @ NyCsamiseiasien 4,000 goHaTH6T el 6amI(LPEnL L
OppuUIFF GFuwiensuied BFBF opslinGassiulLg. S& Srsmuie o Jrisere
ureusmerenw  50% Uy  (GHMDSIHHILST, BN  (PeVLTH  efld  B,BFTHAWLD,
QUTHEMTSHTILD LHMID HHMTL NV LTHISTHHED 6ULNFNLOHSHI.

Omev SCS oanm UGamenm GeulILOTSHed LMMID HTEUHIEN6D WTMDLD  FLOLIHSHLOTE
dyFfemnensenen (pHOETEI(HLD.

7.2.10. apsvaEanmm mrewienfiievns wefls GBmLIsEnw YJTUIFHSE S(BHH LD
BBSHN LG Hweveuj - GuImIfiuy le.6Teil. DFET - QY JTUIFSH

MBI L SHDETT DAM(LPSID

6Togl SITUIFFwmengl OQeusiGaml smBTL_svameMsvieien Hlewtamuly g pellulsd LoBEMID 6eS
Crruimserilen I5HTeN  HlwTeNIMISHeM6 HTHHD UBBIWGH SHUESGID. [HID 2 _60HeNTailul
fAuled  Gpdw  FHAuld welHemes LUTHEBSHGB  CHTHBBID  BBID  CHTBBT
Crruwisemenll LIyHTenonsd SHBHHB CeTemiL sl et SeiedehepTenll  LNFFFeneadener
(peVSHFaBH HleTaUNfluisd L GHFHed elenmhidds CaTeasB@&D WpwBddaieT@aiD.
amLSH60 BGumbsmsieniu’ L GawbuT®Baser

2019 b oyewnger LIgsHmen uml UImiFHF QFwBUTBHHE6TToue: HFourd GBHTUIS6T LBEID
mlewTemhId BT UBpslwl - opgmuiiFd - @aenr  Gumrgkl  miewguirsd  yBmIGHTUI  oBEmID
WWFFHGTUIS  HeonpFFAwemLw  Crrwmenseflsy  miewIuiTevs@Gul  HisweuTiOIL &g5er
QALTHID  OHTLFUTe  SpuleuTedl  LJHa  QFuwil Beimengl. B60MmIHBHEMUIULD
urderogrensileh GFmha GHTWITEMTHeT6L OMHbHISGGHS SHOLLTBBeeHL W Mycobacterium
tuberculosis @e1  LIplyflenio  Quisoumuiia)d  SQuBBILT  Sememipbdieen o ulflen
S WITETLILIBH ) HEm61 N ETRIBTEmTEVILD QFwe(penBUTsvIeTeIT6, SIBHFoWID
Bevmienasuier  seuwnguisvisiien  Gmruwimenyseisn Liedm  wyUelea@Gflul  HelluBSHSU L
Mycobacterium  tuberculosis @RI T EmTLIGBE U SUISITET S LUTHa
Qe Beitengl.  gemeill  MbdH  PITUIFFF  CFuBUTHSHEHLD  Eevmienasulsvieern
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O BHeHBBIGHTa6TeT 0leNEOEUILBTL L HIGHT6NIhHIE H660T LISO6INEHENID OBBID LFLDLISD
uBBlw  SpUiemed 2 6iTeNML SGHAeme:  L5-oJLs  DeWIGWPenB, Sevmienasulst Gy
Ui’ L &BBrLsosemevieiien  resistome  &efledl  @uisounule), @6omienSBUTEVIGIT6N
SeELeLBrTey GemPBaFTemevll  Lismiwimenseienl Gl Beveydlais  SieroGLIerv@yTerd
OsTLFuTen GHTsvFTy &HETHTIL LITFSHensiden GHTLLTeN GHTUIUISL U6, HevsbaD
Bfeveitenm BT L L Appre Gwrul (CKDU) owmws sryemisst QT jurer Ggnaimdsssd
QuTBl(pemBUD Diewan 2 6TLNBESLILIGD UD(LPEHBEHEHID FTHSWILDTET  LIfISTIHISETHLD,
BRI HJEHDEHGFW BT HNIHID HIH6TH SHeMDOWTE  LSTTHHhIS6MergIDd
FTHHUWLOTRT  HIDPS|  aMPBmeNd  HlewiaubHenr OUTHLBG Sevmend LJTH6D  LIsVITe
upliLsenen  GLoBO\EHTeiTEH&H60.

o mimyuired EHIWaIMALID GHTLjumer  ygmuiFd  apgeyseit  Corynebacterium
tuberculostearicum, Keratinibaculum paraultunense syduwien  mIeDFuirsd LUBBI
Crrwrenyseflsd  TSHHFL  QHLUUSmeILD — Semer GBISH  CHTUISSTE
SIDL WML ILIBSHSH HONMTHSH HHSHHB Qameiten (PIQU|LD 6T6OTLIEN HULD
OeuelILBHFHusiT6ren.

o fdmi  wyyemPs&flw  Mycobacterium tuberculosis eljssBIGmeT  LIMBSIL
eutengl 26% (95% Cl: 18%-35%) syenr TB Gpwmuwimenijaeir LTedimi oyLeuifuenmsd
OHTBBISHE o sitenmabaLLBHaIMS CeueMlILBHBHUlsTen). Qs ewtenL &6l
wrdfsemen  (2+ and 3+) oiPsn  Qsrem®Geien  CQeuelBIGHEHEE — LFwTemid
BGoBe®ETemIL oBE@ID 35 aISID GempeuTter SenenGuimflen, Gui Liedimki LogLiefl st
SR H5H5HH SleNebE 2 WJaITs EemisTent LI (BHeiTere.

® BHMBHH6MeN FouTF PCITHHHH 6 15H  HlewTemd Henend ClsTemiL  suerulei
SIHA6T UTHL] QHTLUTer S UleuTengl, SFTolp  (LpsiLsTell  LoTewral el edr
(31.17%) @ULIBmHUTNsD BETLILB (WeiiLisiTe oTemieujaeflsy gnigul el&eTaTyHd ey
(57.97%) ouxd GoBhHH @M Fours Grruiemeoregh (CoB S&eurgd  GLomul
OarBpIseT, BrewwBd, QUmepFs CUTIBE) SILVIBINIMS 61(HHH WILDLIW|ETETHI.
Gwsvild, 2 Luym wBLID GeuefliB  &HpsvEsT @FenrgeniGlo  BSTLILMB  (LpedTLIsTe
LOTERIONTEEMN6 2 [ &HITF Sieey eisonarg o wijars (2.00 x 10% oBoid Brenss
1.05 x 10* sevmismeit/kg) Bmbsa!.

7.2.11. pCarms5GSMLIOBI LGP 2 WIfBlenevLl LISTTSSBIEEBLL YITUIFAE SIS L LD
BBSI LG BV - HVTBIG 6. feouwidsis

&sHSILLSHhETer il(pesLd

LOGJIEUTE (LP6V UGTTRIGENTS SHBOUTINHID gBEILd CFwtLGEem LGBl suensLILIL L
SiFHsenelsd  QurmenmTHTy  FHUTL  LWEIOSS — HNIOBIGBMET  E6VRIHBHULITEIS]
CarewiBsiongl. Siemey 2 _eudenTaiwl  BHEIM  OHTPHOBHI LIHHeVD — gemenul 2 uij-
Carevml L1 QFmflsoapsnsll LyCwrsniseied FsHTen aduTeasHmebd OB TamTgHHs
Qe  FTHHWOUTL ewLd  Gamewngplieip, @ UyCwrshiseier  GQuITmL(H
SHICLBBINISHE cpevldTE 2 flul cumHUTsD 610gI HNOBIBEDHHE CLDILE BFJHHe0Targ
GmpwTsBel 2 6iTeng). 21566 ABBHMHGHHL_L DTS, SIGNITBIT 60T o _wiy
Reorull L eHeEs  Ompsopiull  LyCwrsnisefes GQUTLH 610k  SHNUI  GIETTHIGBEMEIT
b  QFLeuDHsT  (peUDTE  DlQUILIHLWITEN,  Ueumed  @Qevdbend  Gpméasiul,
(wsiiBenmmayione el ehebTend  HewiBLglILEmeT  eledUBIHHIBEMEH.  Fba  OMBSH
Bpid  CFileHe0 LgGwirsriseilsst QuTmL G, Lrsmemors UHwW  emoleTGarBBeHHdbw
UBBfleEpHETE LHer  (peICaBBasIone  GHmBEL HHE6T LB SLITUIFFwTeg
QBHHSHIH L HHHe0  GoBesTeTenILIBD  WBBIGWTMH (PHBWLSHHIOIDIOGS D UIITEGLD.
SiGHe  Hp,  Beer  HGHTHOBHTINOEI LI 2 UTWRIGMEMUID — OF W6iT(LPsHBEHENETUILD
UwSTLGSHEH — Blemsoomml 2 Geors-SigliLenL_uleome  DMIHBL HHHWENT  el([HHS
QFuleusmaTs LsvGam ITuIFHS HetBLIgLILEH6T CLoBGEsTeTeniLBa)smen.

aBLSHe0 Cuoplsmerteniul L QFuwmuTBSHeT

OF6ev6| GHmOHH BCAT LUHTTHHSH CBHTGLUYS CFHTIHNEOEILLEIGEmeT LWSTUBSSH Fobd
il (bsaTe  CFeve]  GoDheEHIWD  GowurLmer  GFwour@d  ObsSHIOTE
UBTISSBIGMmT alheHE CFuIHe: wsEBrTalelmbas HOaIT SenalemL  alenyulsvmen
U@L W GIB6Tsener 2 (heuslweneowjlb  ueneud &L (HLuhSHSIEeTn
Qumplupemmaenen  alenmidld OQsmetaugear QUTHBLEB, HBMTH HiHET 2 (HEUTHHHHE0
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uefimidlenr  euenyFfullesr WSamem  (peIBGeaimigll USTTHBHHET  HTHBLOTHIH 6l
o2 uQgwmuTliger Gurg oprmwiiu’ Lgl. Guwevid, WeielyaTwend Fbd wOTHHL 1968t
Wateuruwl  yCurssdmsrte GuwurLmer QFumur®h Wes Heevworm 2 Geons
SMIEHELHHBMEN alhhd OFuIud mHwuTer GHOECETEDHLT (PTGRIDMBTLOT6
algliuenL elehepmen oLFTUIERS6T GomOETeTeTILL (HeT6rmenT.

ougellipsb Na  ouwer wpmpw MY owwer vupmfisefar Wi GUITET  OBmILS
Wleteuruidefler  LlFCUITGESIHIDEBTOT LSTISSEIBMeor  alFsHst  10edaurest  (Blemsvlommi)
STewiLed 2 GeomamisEnLel  &eoUuLeh — GewiwiulL  enog  Na-Ni-Mn-Co
LvF (haemen e1dHT Wemeuruill usTISSBISMTHD alhhd OFuulu’L  6Tog)
BBeimés s Lenliyenw NayTizO7 g Gmy  Weteuruil usTiSSTEMD UWETLBHSS
SpUieygal & HeVEIBET CarHossiulLer. meu  eTlaGarmmssds Na  ouwes
upmfseied evHTHBeEmIOWITET (IPSIGEIDMSMS GaueiliLBHeuleTerest.

WenleiCenpm&sss Li- et Lmmifisefer lereflfamisr GobLmt pmsrer oy u16)s6r:
WemAeBampmeHsds (PUWemWTsd Li-ower QamewiL  [Brswiwis  &eve|  UDmlaemnst
Bevmiemasulsar  sTfwsHms CoJ  WeeuTwrsab seuibligdsiul L 6wg  HEaITS
sLLemwlymLwl (Blensoomm) SHTewiLed 2 Gooms @Lenglenl 61  LoaTeurwmseab
uwetu®Bsd o emenfled  sL(Bmeunddl  GmOETeTemiULL  61ogI  SpUIUTEISI,
WwaHHwors  welsurer  aflmeouled 2wy OCsmeTenens] MWD UTEUMENE HTVHMD
GeuefliLBoHHuleTeng.

BHSHLHHH (PUOMLOWTRT (LPSTGTDILD

NIFS @60 6105 HHSHLSHIL T QenewibHHTE ‘2 Wirs upmfl spuieysster GxhHw
Bemeowd (NCABR)” smissiul Geengl. @bs NCABR openg uppfl wpmid ség)
OsTLjurenr yCuwramiseillesr QuTmLB =2 _6BT. (hé saflmisamen alhHdh CFUILH60
OaTLIuTE  BILIYed opwleled FHULGeTem FHe0  SITUISFHS  (GHWeleHEHEGLW0
HobgleTen  Qpuiagml  aUFHWMGL. emUWmS &HomEeT GBumsim  umflw  ummid
AUMBHMENS B (HHUTHGHUBH QUTHLB Cuevdla opuiasen opTiblldaiul (Heeme.

7.2.12. Quipens 2 pLSFLI GLIT(GL B6TT YJTUIFHS BEBESHPHIL L LD
FBSII LG Femeveuj - Cugndfiny wy.6160.49. guIFImis

BHSHH_LHHDHTR Di(LpSLD

NIFS @eenLw Qumpsnas 2 pusdl QuIGBLseT SHSHLGHE  LFHTet
@MN&EBasmenmesig wals WHMID HTeuy CrTUIBmeNs S (HULGBSHEUO CUETHRIGETTSHS
PasHHss 2 WITSOsTOHUT GeaGIw  WPS0sELIYSmeTwL  CFTameusemenun
BIBIBTEDIHO hGW. SpITLFHF  QFwpurhser Uysterors  Seomienaule
SHTOUTTBIHET, LIMBIS & &B61T (2_Levsll LIBISB &S H61T SILBIHEVTES) LoMMILD
2 I Q&TeleNgSHHd LIPEIEBT Spdweummelmbsrer genest SeGFull  QumhLseries
B FTUIeILD LoMHMILD 2 _ulrs0sminur® EYR: AT o) SlQLILIENL WITEHED
OaTemiLmeum@G.  opymiFfuler  womGwrEm uglureig  Gxulemey,  WHSHHINS
STOUTRIEB6T, 2 WiHE UWPEIGET WLODID euTFmerd SHralumiseisd sreoriu®Gaam

ueoliGemevdmemen  Hyeu  BmiudHelwed - Qummemieno  Blpwmemeouiwied  (Liquid
Chromatography - Mass Spectrometry [LC-MS]) Qsmfeomilusbemnsl  Lweaiu®hsS
BORISTEIH0,  SNSUDLSGL  Lediengmenr  umisd:  Cwpmuiser,  Hewi(B-Hled

LOGWTERTMLOTH60 LOMMILD LOTDLIY eufHEmIS6Ta LIPHEIGaT60 SHImeTwT@HeH6e0, LLenL Uil
BNSHH0 LHMID 2 L FMmg  LoewiemipoTGsHeo  Cuieim  cpetm 2 L HesTLHedluisd
GOOUT(HSET uOMw Spuwied &L GUUTHLD. JSSHILET 2 MGG OO gHmodemw
Crrssreds Oomewic  uwpll uwijseflsdt TomEIC opuiemeuud Osmemi(heTengl. @el
ITUIFFE  QFwpuTGaeT BaID UJhHMe! ASIUSHLET  QuDens 2 HuSHHLI
QurpLseiest  @uamwiend, @GHBHW opITuIFS LPmd YA USTTHSEIS6T
OarLjumen SiglinenL. L yTuIFSenwll yHBdbaieulinGsadlaiment.

amLSSH0 Boposmeteniul L QaFwbUTHES6IT

NIFS @61 smHSH_LEIG6T  gHTeIoTs  NeeuHd  BIesi@ el wWiuFliLoHsemenL

UMMIWLIESTEUT(&HLD:

(1) eleugmuid wHmib wels oCrrésdwd OaTLjurer yCwrsmissfisr QuTmLGH
STEUT (LPEVEIHET LOOMID SHTeUFGLLGVTL LY LOOMID SHTeUFeUSLUTL LY  EUNEBEHE W
urBisSHEHefNar Ufls0sGlUyseT QTLIuTe SprTuisFs

(2) o _ewin@ upmseia @ysFTweripd 2 uljs Casmipumdd
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(3) smauys &6 SIEmIGFUILI QUT(HL_BETHLD 2 uIFs50smAnuTHemL W
Wfs0sGLYsefsr LC-MS  suenymUubGHSein

(4) wmbup TomEIC sumasseilen gmmiod sumuilienull uTFHITTLTSL  uTHeHem
SmieumLEHGU Hememymen GBTUISST LOHMID GHsHOUTHST LUDHPIUl Spule]

LGIBHE  (PEAUSHSIOIOML UL SHTOUIHBIH6ET  LONOID O eWiHEG  LIDEIGETHL 681
AenemihgleTen LBIGSHDE6MNNT  @rarulapw o ulis QamOnur@Gd: sHeumwesl BILD
&0 LO(HSGI6N (WHBWSHIOIDEHL_ UL Sraurmisee bl Wfls0sH@ I L
STAUTUBCITL Y MMBHGI UBIBSHEHMTED 2 (HauTssIUBESD Hlenew AHIGFLIL
QUL S6MMest B FTWesI(LOLD 2 ulysh OamomumBLd umn YY)
OFIg|0sTamNIghEHBOTL.  pTousHeGlw sl Lemwly QueoyssT womw  Feo
uwendg 2o uljs GaminurhenLw usGaumul L  Hemewr SeIGault  QUITHL S6it
W5 0sBSsLIUL (HeTermet.

areurRIHaTeS(HHEAT6 QpBrAw BGyT A6 Myristica  fragranc ~ @e\mba!
Ifs0shssiulL  smenr J@IGFull Qum@Laemmeusst - malabaricone C (1), 3-(3-
methyl-5-pentyl-2-furanyl)-2(E)-propenoic acid (2), licarin A (3), maceneolignan B (4)
pmid elemicin (5). Ggfeneu 1 opemg o wiyeuren AChE BGrmdiys QFwmurlenLujb
(ICs50 2.06 + 0.04 pg/mL) eiHQymfFGepmd Gawmur’ enLujb (ICso 6.56 £ 0.02 pg/mL)
OeusfldaTiigwl Si8xawLWID, CFjemeu 2 sl suelsnwowmer a-glucosidase HIGyTHlLEF
GFwmpurienL  (ICs050.91 + 0.01 pg/mL) Geuefdsm puig. @S5G 2 @eig -
glucosidase MGITALIYF OCFwpury FOUBSOTE (PHOTaUG IMEMHBWTGW. M.
fragrans @en  Gueveuemflumengl, Alzheimer Gmruis@flw  fdFemguler  Cumg
uweTUGHHH FnlgWl aUEmBUTN6D SLUIeYFnL SHHME QeueBu Soliumest
G F: 3 (6 VAl DV (anticholinesterase) MmO a-glucosidase  EIGrmAlIYS
srasBIBmen QauafiliuGsHwumst QuIBumiseT & igs STl (hElement.

URIBE amIGaull QUTEHL &6T: HTeugauseurlly euenss@Gflw umissTen Biscogniauxia
capnodes  @eNHba 166001 SimIGaull QummL 6T 05056 ss U (h
@emisTeniiul_HerengiLar  @Uifs0sbHUlaT  Bimwrensoulwais@G i MmSTHH0TEISH]
reticulol (1) wmmido 6-O-methyl-reticulol (2) opdlw 2 isocoumarinsemenujd  5-
methylmellein (3) LoMHMILD 7-hydroxy-5-methylmellein (4) N A 2
dihydroisocoumarinassmenujd  eupmidlujeiiengl. Gajemeu 1 ez 2,2'-diphenyl-1-
picrylhydrazyl radicals (ICsovalue, 58 pg/mL) @m@ edHITes  BMLSSTLOT6T
adOrm_dFGampms GFwpurienL GeusfbsT puig. @&Ga HTeugsusGeuriguirdw
B. capnodes @en Nf0s0GUY upPlwgid 918 Bumed B. capnodes @edmbH BFyensu
1 wpmid 4 a1 UHHEHGBUY LUDMIWSHIOTET (LPHOTEUH] SINNDHENENBHWIT (G LD.

TomEJC omibup el a6t puenL Sl 1etenrmen  GRTUISEHLD (HenMUT(HEH(GIHLD:
Fei(BH-Hiell  LoeTERINLTGHHIL 6T  QHTLIYmLW  61(h  UBIed  ChTuTEH®6
Ifs0sGsslul (b, QemisTeuiul (b seuppler Grrulweoreng miFewiulssliul (BeTeng).
SIMEUDHLEEG — (PATDTTes  oPpmId  STJTes  (EHTEMDSHEHI] DL (LPEHMEBEIT
2 heuTdaUUl (G  SRISHFHSIUL (BTN, LI  SHIEN6TUITESHSHEISSTE &I JEILOT 6]
tpevamseial uppTe@Gmmew  eeiug ICP mi uwauhsHS uwp  Bempwkiseries
Spuielest  cpeoond  GQeuelluBGSHSUILLBETENFH.  HIEWEIWTH  H6VEN6U  QETNMEF
BFyHBHeTaNH LIPD FHMOMWTGD FHEHIUUSMS 1% QOGS S  (GMDHHMOWITEIH
FDNMUTGHH0  (PBTMHHIUSHDO@E  ufibglemyossiul(BeTengl. UL enLeumul
ewtewipoTGHHeomeng  (Lenticel Browning [LD) ulenLeurwiseiann® Guwevds [©y
2 I GFeeugpen &TJewions  gnUuBHamE. GNsHs FHov  dmeusmLEGU  Letenymen
MBWITENED  HEDL(LPENMSBEMET  LOTHMUWENIOLILGSET  CLPEVIDTS  BHMEIH (& MMEBBHEVMLD.
2 'y gFmad LeaviewipwTGsHeonengl  (Internal Pulp  Browning [IPB]) &lev
2 L mOsmPelwsd wHmId euralemevdGflu  srreilaEpLe  QHTLIUMLUWG 6landH
SUILOWINUL BETONGl. LD  SIMIGUHL  (LPENDENLDSHMT  LOTHIILSHLOLILIGHET  (LPEVLDTS
BEHGHMOUTLTNG] SHaljoHElIuL (PIQUuiL.

BHSHLHHST (ppemowimet (PTG bmLD
o  @evmimaule SHTeUIEIG6T WOHMID UBIBHSHMOHBSH 2 ullflerF GFwpurdHenLuwl
Urs0sbuyset / GFymeuseaiar @emaTame QHTLIHSH Gpmbasmeteamiubaaima
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°  SmEImLEGH  eteymen  GHTUIEST  LOHMID e @Gs)mun@&,@é’@mm
STPNBEMENUID  SIMIGUHLBEG — (LPUTGIJTe MWD  LNSIITTET  (LPSTEnIDSHSHI6!
BEOL(PemOBmTuD  upflw  yreswt  elendsd. @mHwns,  sHSIHLSH6
QumIGumTeIE IICUEDL Qi Geuewngws  Fphd  HIWP6TEN  LILPEIS6T6TT
Spliemuud SimieueLSGLl 1Nestenymen @olIEmenuld GO SHHE DlenailnEHs
GODSSHGTNGIL ST  gomind)  CFUILSHHS  IDTDLIPEIGEMNET  Sl6TemEIU|LD
DSBS 6TTENS).

7.2.13. Gursensmr 2_wiflfFmuenaiicd ygruisdls S@SII L1
FBSI LG Hmeveuj - HeVTBIE miaiefl SluarCs

SMHSH L SHDETET DM(LpSBLD

Burgenewt o _ulflyemweraluicd SLITuIFSes SHSHN LIoTeH 2 euiasaisr Qemonur®
womid  Gurgemenwt  Fbupbsomer UGN — DDFBIGET  QHTLIIND  BHeeweh
OCFNIHHIUFHIL 6T SBeMeT opCrTeEdusHmasud Heveneub GuwubhsHaieuser QuTmL(h
2 _awie], 2 ewiell UTHGTUIY WOHDI =2 euelsr o ulflwe FHurss é]mL&&;j,g,&&
setemo  Gumeriy  uFb ULL el winglisenern &e‘nem_&,@aﬁ]smmg;] (D196 61T
%Gun&,aﬂu_lwrrsm Lsmmasemmg, @g;ﬁtm QFuigev, Gmruiser wHm  Grmul
SIUMTWEISNENS  (GHDDHSH60 LoHMILD 2_LQamsieniuGaEsimaald  Gampeurs
2 | Qameteniupdaiperayd opd 2 _ewieysefar GurFenest  LHMILD @g,rrgS]murrL@
Bueoyzser upPluwl sflensull QUDMIGEEHTOTEHHVISEH 2 HeUd FnlgUIETEUTGLD.

aMLSHH60 GmhesTeieniu’ L GaFwmpurBE6T

2019 b gewnged, GBumFemewt o ulflyFTweelwsd  smSIHLoTes  SHCW
eluflésiul (Beten cwpem el wiugliyssemen ChroaTd BTNy HboHdI:

2 _amialar Qamfipur’ B wnpmid Curgenswt @uisdlser: GeueurgruiFdls Gamiumligest
B QT HFCaimmed, OBTHW MHCITHIY (IBv&H, HEHHCHTHAGLE LHMID
@eBUS) cpelsmd cpevonsd FHimewiLUul B DNA Gaswn@smevd HaljsHsHe0 LHMID
o2 ulFhunenr GFyemeussmen QEEISTENIHD dwamenmn HIIH CFwsugsesr GurmHL®H

S1,U16) B 61T GumOasmemeniiLi (Heiermeor. OamPnur’ B @UI60L|B 66T BGuogvild
2 _mFlubsHs Qsmetaugear Qurmpl® 2 ulfluller (in vivo) Pemevd@Gilw oMb Hev
GUETITLIL 61T BmO@smeTenliLi (Heitermeo. SHEUTIDS @svmienaulsyleiern Hlev

wriurmlaeieangid  Qurgeurs  mSFUUGHED P TCuSHH — HTeugmEIG6TTSHID
OasmPnur’ B Quweoysensem LAUIH CFUISHD LHMID @REVEIDSMWS STULSLOTES
OamewiL  Artocarpus nobilis @er  epev  wHMID  CFLWPUILGSSUULL  elendserie
Bursenewt wHMID OuenSsalyFTwer SWOLBMeNS HWILMHO BuTaim  eLpestm)
SpuIeyseT GomOaETeTemiiL®BEement.

2 _omialsl o | 60e) dlenl HHHdnlgul ET6): 2 L VD HMLbBHIMIQUI D6  6T6TLIS
2 1600 SBHHMEHFILGUSHSGW UWRTUGSHSUILBUSDGHWD 2 el GuTFenevorll
UBTTHFEIGET HewLbdh dnlgll e pGD. GurFenemwt  FOUBSLOTET LV
L WBIS6M60 @3 R Ao 6015(& Blemeowim@Lb. Q]I ENTID))
suenyulenmiseispeien  CurFmenill  USTISHISEIGMOIEID  1HQITLHFanGermmL
USTTSHSEBIGMAIGID 2 L 6060 HenLdHdoHdnigpl Semeureidl opWie] G uiwiul (heTeng).

Omebelssr  GurFenamt LoNMID eleneviul  QHTAMLITL wiebyseien 16g1 o ulgiient -
2 N BISAG HIHBD: HHOTLED LOTFMLHMEVE (&HMMDHHMEVW|D  eleuaFTisHSHMabTent
OFevaiasHma L BUUBSSHIUmBUD BCrrodsTas Camewi®h NIFS @ed o ulfliuenL -
o Wmywneg  elmed  CFuwuiul (BeTengl.  @euegomeng  gnaeGsal LG
sumalUlL  uulfseied  ofwasluGssiul(etem  Gurdeid uuly  simieuenLullet
Burgenewt wmmid CsTPODOUTL(H Quieoysefller 155 ReueTHHeT HTHBOTHIG DUIR|
OFuIwiuL elsbensv. SISTOUF, Bsucuruiadso o ultiuenL -2 _ulmy (BFBF)
BHSBHILLGFHIL T Fnllgemewieuts Bumsenewt o ulfiygmwenelusd  &mSHIHLLLOTETSH]
@evmiemaulsd LuUlfiLiuGden Gsfley GeFwwiulL OpBed sumssHalsr GuTFenes
womid 2 ulfiFerwereaiwed Guisoysefls g BFBF @er smédsw ump) NIFS G0 opuliey
CFwISIMS|.

BILIgEYIGTEN FLOBTE GILWEBIGM6T (PHOSTEaSDE almSSHEFUIWILLL STeyH6ir

Gumuy Faev SLUINBEHD BevEimsuieieTen OHTHMT GHTUIGEHGHSTE  STmeud
sewiLeugesr  Qurpl (B GumGametemiiul (Hemener.  &ewiGLliglyser  pwFGeus
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STeurmIs6es LIUI6BT 61T LoMHMILD 2 uIFFGswmuT’H BwievLsemern
o2 mIFuBGSSHINSHGD BRedaTeE Wead QUTHSHOTET TIGUITHET (LPEVBISENEIT
BBBIBTERILSHESGID LWEIeTNmaIUTGD. SpTibusl e seviBLliliglyseNedmbas Oned
ouenaHeilar Guaemest LHMID CHTIPOOHUTL(H Bwedyseied 2 ulfluenL 2 ullhImiseT
FTSHSBLOTE0T BHTHDHHNBHD QsmemTgHULS) SIS TNEBBLILL (H6T6N SHIL 65T QL]
aleugTws e o ulljiiuenL o ulmrmseilen uweuT el AyusOuILBSHSHISNHS
2 FHaBJIONG SIENLOU|LD.

7.2.14. sraugupdo pmIL6D lEHEHTONBIBEBLD YJTUIFHE BGSII L 1D
BBSII LS Hwevej - Gugmdfly emb.& .61, BHLITED

o1ogl SprTuIFAwTengl (i) STaugmismenud sreuy o ulfsh SHeslemeuud UweTUGSS
LOTHBHEHHHTE  FHOTLEL Uflenyw, (i) wwrxssmen ssHIMEHFuUSET QUTTHL(H
2 Beovrs Gazen sl Lenwlysseier (MOF) Gam@uy (i) swWey Bfledmba Qursuyamg
Beapmdlesd o Lupssissd, wbopmid (iv) ifleuemLbs  aupeTbHlevd  STHHem6T
LO6IT6L(TH6UT &b (S 61 S63T QumrmL®B LD TRIG 611601 ENEUBIHENETT BISTTOL(H BB HSHIHE
2 LU(BSSHIHL SpBW I WSHTOTRISMT SQLILIEHLUITHS QBTERIL ST (GHLD.

eogl  gprruiFdwmengset  sWeyBHlelhba  UMTeBOTEBISMETULD  L|HL DHEUSF

FTWIBISHEN6NTU|LD SIBHMIISNS) SHTeuyLl USTT SBHmIH6M6s LTI 6mL
Bemisami(heeneny.  sTURTQITLema (h  eurwensu  (CO;) uwendss  BFmHand
Cayemeudsenma LOTHMILIENLOEHEU6V6V MOF 960G QBTG HHLILL(HET6TG).

ueieneisafelhbgh CeuafCGupmiLGL BRembH OCuTHUTmE GoumTHHaIE06D, BId
SHTEUTEIGHET BIHEISTERILLL (Heener, @eneu QUTHLTMF DiBHHIMEHFW ety 2 udj-
2 JRIGMTHL LWeTUBSHSLILL  (LPIQU|LD.

BevmIenBUTaVIsTen DNEHUILLL ST(HBHEM6NT LE6Me|(HEUTHS, FHLOMED L6 (HEUT & (& 6USH60T
QurmL(p srhasefler Guwurl heGHlw STeuy @enpwl suenjliy HILusSHer GQeueiGeum
GyCwrasmissit  GumGamsteniul(heimenest.  (Madhuca longifolia wmmid Manilkara
hexandra) oy @emEIBMST HIETOUHEBBHHIGETE OeusOeuml HTEUTL LITHEIGHEN6NTS
OxTewI(h  SMEBHEOUTHED  HYID  (PpeweTweHeauTdad — Curetn  ufGaTHene
BILUBIUGRIE®T B s QFusenGemmd. &Bsumfll  GQumiomssiopm, wW&FHw
demendils Quuiosi(wsnLw ormy @efliys sTeugondw Stevia rebaudiana Bg1 Smeuy
HISTOU(H BB @g,rr@m)@l_uwrrsmgj GrGwrndasiul L gl S alHE (LPEN6TSHH60
QgD GHmMEUTEnsWTe0, CHEBSTUI MHeny Ledeumest Bupens oms GubuBHHWTSL
uweTUGSHH DD 6TETEnNHENBWTET HTEUJEIHENENT 2 (HeUTHEGHaHa QUTHL(B Senipul
euenliy GOBMpenpwTansl alhhs QaFunuiul (HeTeng.

aGLSHe0 CuoplsmeTeniulL QFuwdUTHH6T

ITUIFHS S (Hmrsemend FJlulssemw, Cafw woHmid FJauBsHs LMbBT(HEHEHHSHSF
Fepawenbsemw, GCE A/L wremeujsenssts (@enwpw  suenjliy)  alfleyenysenemud
QFWSILPHD  JIDOFoUSMEMULD BLIGSHWenWD. HTeuy Gedpwl  eusmylnied Yy
I EE Yo SIS ail(HLOLYLD FTHHWLOTes (OET)
(PWDFAWTeRTDOWTENTHEHHETET  LUIDfenwl BLISHWenw, Bxiw semiaTl fuied
uBGUDMIW  ulLlugly  wreeufsenssTer uwipdfenwuyd el mlLemeoubd
QULDBISIWIENLD.

* LML EMeUSF FITWIMBISHEM6ITULLD uneyGeomHMISENETU|LD SIBDHMIEUSHMBIT 6
555N ehFBemen alhHHOFUISHmLD.

o  QuraCupm 2 wiGFIIGHRIBMENS HEBILHSHEMLD. .

e Stevia rebaudiana @e1 QUHANHSHHBBTE (PN l[HHH CFuiGHemLp.

o  @emet WeNTUle FehFlendmeit, THTLH SLTTUIFS (IPYYF H(HBSBBISET OHMILD
Ussa0wrasr sisHumun spdeummss Geuefuibser.

7.2.15. sroawy oyupss 2 wWifliusd womnd apsvEammmit Lpoyfiowuliied s gTuiFfis s@ESBL L
BBSHN LG FHeweveuj - Gugmdlfluwny ererd. GlFeray

5®.E>Q9LI—§J$DWW al,rfﬂ@w
A5 3l

L@QJJI_@@M g;g)(Burrg,u_l &Urr&m @[_56\) SIMI6UEHLLITEITG) @@m)&;uu.l@as@ 4.2 MT
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G0, BFH 1970 safleded 2 MT/HA opaalmba 2000 sefla opgbusdHsd 2 MT/HA
aaim  WLLGHNG Psfsss. Qeomemsulst  QpHuuly  elevdyemsHet 95
FHMBIOMEIGH  (WHCHDOILLL  FTGUYBEDEGS &I O@mesiheaugiul L  SHaly
snBursw CxHw ﬁg,‘?u_‘ﬂe\)rrsm FynFfl QpBev sﬁlsmem'?&eunsmgﬂ WhHLTAHTHCU 266G
B 6vmIenaEUT6D LLIJU alenenFFaImLW FTGURSMeT QuOmIs OQEmeTeugse QuUTmHL(H
uryuflu  BLbBS asmudsmu@uqbas&,@w Capjoyd  @eimieueny uybSeneisy
uweTuGSSIUC (R aumEEin 2 uTWIDTGLD. gnEaGal GemmalTsalsien @evmienasule
Oped  elemenFFeomend Leleuhd HTIeRIEEMTE0  FouTed@ 2 L ubHSIUBS SIS
2 HusHHF QFevelen oFafily woOMID SHelfssalweoTs STeoBleney LTMHOD. GBHL
alemenFFedev  uBIBENIUF  QaFuiud  AOyster  oubsmIGmenuid  pliyfleniod
STyewiEemenud alenenFFsd Blemevenwill Cuamieudsd HMHOMTLIL 6T Guended  ommid
(PeVSHFnDN  DIDFEBIHET  6TolUTD BN HHTHSIPMISTMET TS ULD  ellenmids
Oameoudled @ Uysmenr opeysty el OCeusflwmeng BleveydSimgl. @evmiensuied
srpautenr  OBeL  alenenFFed  BlmevdGHwl  SlgliLenL &  HTJEIOTEIEH  HT6UT
BIOUmHSBHH0 LS alehehTennd CBTNOHI USmS GOHUSd HIFTH HT6VOTH
Bevayd  ymasemily — op@w.  olelmpsIWenLBS 2 60dlsd,  UFDUMTWEG
auemILBUUBSH60, 2 Wiy ﬂmuqu‘]smwmsmwqu, g;jswﬂg)m)mﬁg)w LoHMILD uuj]'u
(et GeTHm NS glguusml_u_lrr&,&, Q&mewiL UFbUmIWeGHF Frenoly Gursim 2 wirs
srTeuy  @eloumBd HILUEIGT UFhEenaled UwaUuGSSUUBSHIL 6T, elenenddled
GAUILssss WSICIHDSMSWD goUbBSHIBaEmet. seleuTpTUlamIiD, @evBIenNEUTeD
sreuy @elCUmESSHMETE lsusurprer Uplyfleno OHDID  pevdHam D@L
&rrg,smréjassﬁ Qaleuen] umsmu@g,g,uu@emﬁeusme\) @55@5£LL§£6\) ®@J ysHw
IEMIENIHS[H  (PEDDENIODUI  CUIQEIEHIDLILISE  (LPEVLDTS  BTD  @J LB LigienLowimen
wempenw (WaIGTPHGDTL. @& UTDLUMIWLNGHOSHTGHS suenILBLULGSHSHD LOHDILD
transcriptome @i opdweummast cweoons OB elemenFFeV el  QHTLTL LW
dysrenr o2 L pOesTdedwsd womw o ulfifgrwerealwed SibFEIEmeNT  SenmIST6w (H
BumGsmereniu@G.  (WaTGmAwiin®G  opuieuTeng transcriptomics, bioinformatics
o 2 ulFsesTHOEL UL SpdweT DLEISW  UOUMBHGIW  FHeNDBEN6IT
2 sTauTmBIGLD. SmHwrer  GHECaTenTeig o Wy elmenFgsed SpMHMEL  LHMID
BTOHEN6VSH  HTEIGH M6 2 LW @ y&w SHTEUTF Hpliyeuensemwl
2 _(HeUTHGUSDBT SlgliuenL. Dfleney alhsdh CFUiHed, BmHulsd 2 Wy Feps-
QUITHNMTHTT DLBHTUISHENS ULPBIGHSHMNILDTGLD.

CemminFmig

2 _Jsmg alBHA QFuIsev:

MBSTFA  HTOUTEBIBEHHGFH AHBTaN0 CHmeULILBESD (LPEVEBLOTGHD. MBS Feullewt
ML SBHInlgUl SlemeuTedgl aleuramuid OHTGHHE6Me0 LUIT 2 pusHHuied QFeveuTHEHF
(OEINEESE ) s (Buur’ (b smyemiseilsd REIMT(GLD. 2 _6MQen(hHsLILL 6D,
SEIoWoTHed, OCamew(h OFebeoliusd  woHmd  WeTeEHMGWTLLIUL6D o dlwien
sreurmisenTsd N nweiuhsHsUuGmsuled QHTLILUL (Bemen HNFSmen LigpenmaEemT@Lb.
wenteniedBhH HTeuy N 2 6T0enBHEBULBHEOTEIH HHOTLED BlVENLOSET, LD 6UNE
womib  sreugll  Updyfleno euemad S dSweummiled  HEIFW6TENGI.  LOETENED
GrGwrdssiupdam N Qe siewiemensurs 50-70% opeg LHysmenors Gumuyliy
afbCsTHms, BHCTINEETam &fa) wHmW SCorelwTelsr  pelWUTEGHmS
SpFweupnilest  BTTRILOTS  @UpHSLIUGS SIS N o griseie  Lolenawment
ureueneTmTesig LGamen QeuliLorseded dnlgwl eudlumsshenssd Oameasiheten @ ysmeo
usmgail(h eutweurdw N,O @er  Wewswmer  GeusfCummsHnG aubeuEsHEImg.
oGy HHCBUTHIeTeN  LITUIFAFTT Feumevsened LyHTesiomen  qeipTengl  UUlTE
sTourmiseilear mpHIFET uUwWeUTL(h  alemesdmenen  BuBHHIHOTGW. HEETSH
OpmPesopiuwTeng  Gurgamenl  USTISSEIGENE — LWELTLE  alenaisHmene
CubLBdBiupHeETa @F LS anflupampuins @emisTemiuL BTl 2 JEiGean Sieme
OeuelBupmidlesim  GuraFemewill  USTISBEIGBET &L (HUUTL HHEG W @mmmwujsu
srourmiseiler CHmeusEBLET PHHMFLGHHES UmBUIED CUIQEUMDEBLILIL.  (LPIQU|LD.
aenBeu, PO BLUDYWHS, QFeve| GHmpbs, 2 ulflarilflenssd o 6TaTsshsHdHs,
s GBUur’_GLer GeusfCummiden o wijy enpsyae uweurl G alamearsHnaiL &l Fnlgwl
BBaim 2 &5 QsTG:Hmw alhbd OFuiuens BT GNECsTanTesd OaTen (HeTGenmiD.

m@l_g,ﬁsu (8LD[DQ5IT611611IJIJLL QFwmuTBaEH6iT

Omed  ommud  Apisrefunt  LulTseflsd o 60b  oneemen 1oL elenenFFensy
2_BauTsH@GHHe): RRDI uszsesmieled daLsdam 20 o eeqmes@Gilu  Gbed
aufssmseiar 20 @aiCumesBlame aldhHibsmenun, SDUTHBSTLmL  LHHID
oo heualelpba 11 2 eaTarmbGilwu Gnbsd eujssmisamenud wHmb PGRC @6lmbal
50 ugmbuflw  euFssEIEmeTWD BTD  QUDDIECSTERIHTENSHILET  GIL(hHEBBLOMLUIF
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OFwiged CFwmurliger QuTmBLBG ldg (penensHsHameou|d pTblesHeTGCemTD. Geib
50 &jauBsgl  uuljseEnd  @eueumuwieled LWSILGSSILGSET QuTBLB  CQuDHs
Gameitemiul(heienest. DNA openig o _eenhe@Gflw Gped eurssmsailedmbs egnsamGeu
Wf50sbasslul GerongiLel, QaTLjFfuns a0 DNA seEmpbd 700,000 SNP sanerd
Qs memiBeien 2 WJ-SILFHHujenLw Q@60 auflenFsETOHMSLI LweTubh S5
Capmmmauenioliys  glewlwlu®Gd.  DNA euflengsdlyio  L6LIH6)EGHSH6TEHLOH 6N
gOUBSSIFPETD Lawilenansd Hlemideme Rev@GUbSHSIeusHes QuTHL (B Ui qeipleieTern
Bxpmmmeusnioll  GoumpurhaEpLal  QenewibHiemen  alGFL OamAmur BHd@G w
Ooiyflento TDeOEMET  QEIBIBTEILILSHEBTET  Qenewl U TLHLILBSHH0TISHI
BumOsmareniup. @5 CarhmeauemolisGHw  uediySseT 2 Wi  elenenFFen
SLMMeVIHLW OB euma @eatemm alhid CFwsusar QUTHL(BL LWaTLBHSILGHLD.

Beulll] BGITl UETIHHSHMmHI LGS Teuy GHeneu-igliient ulevmes
DBHIFN 2 &l 6l

BT 4 GeusuG a.lemesa,@u‘]u_l BCeT  Gemerisenensd OHTGHDHHIGToNHIL 6T  @LI
usTyssmIsenen  Fourier Transform Infrared Spectrometry (FTIR), siemidenasll  LbHLO6ST
puie], X-aHJ elevasd woHmidb CHN ouie) opdweupenpl LweUBSHS UewmUmUie]
OFuwiglenGenmd. U uSTIHSEIEMmeT QBDH LUIfsemenl LWSLUBHHE BFTHoHsHe0mennd
BLBHIOBTESIQ(HHBMS).

7.2.16. 3mauyll UTGUTLIQWID STULD QLITUIFHS BHSSLLLD
BB LG Hemeveuj - Gurdflwuy te.616r0.67. IBHBST

SHSB L SHDSTH  SI(Lp&SLO

STEUTl UT@GUTLIQUIEVID STULD SpITuIFSs ShHeIHLLIoneng NyHrerors

Heireumeuemoumenmn CrrEaTEd OQHTERILG),

a) QevmiemsUleT  HTeuy SenmiseHeT UTGUTLIgWsd  WOmId o ulfleriiyaiuiuied
QFBTLIUTET U106,

b) Wememioliy & Lpedlwisy,

C) Bevmenasd HTourmisefsr BensoGummer LweTUT(H,

d) opsdydliysefiu  oeiu  @IEIGaT ILEIGOTS  SUBIMBUTIETET  HT6UT
Benmisefar STUND HTHHEH QFVGHID HTTERNBET, LOHMILD

e) ameuy @emIsEhsETar ChFw Ffeulyll ulpuwiensvd HWTHHH60.

BEHMHBIH_LSHH LFHTen ueiseaied @ammerg Libysoeneoulsd NIFS-2_ulyssmeury
Bxllliuaseng (NIFS-Popham Arboretum) o_meunédll ugmwflgseom@Ld

amLSH60 GupLsmsieniu’ L QawhuT®Bael

NIFS-2_uigssreuy  GaulllussHHar  (waQson( uTesHer  ensuggmiseT  GIS
UMIULSH60 eushILHLILBSSILL (HeTene. Lemenioliy Fpedlisd LMMILD Lﬁmugﬁ]ud]g,g,m
@grn_gurrsm apyTiFfwnerg OsTLFEaImG). Luﬁ]ggg,rrfmg G&Lﬁluu&,gg,"]@m 2_eiTen
STeuy LOHMID 6N6VEIE SIS SIEUIQRIZHID UENTLLBIGEHLD HBHEUOBEHLD DILEIEL
QUTBHMBHTL i WTeMILBHH0B6T ST FUUBSHSULL (HeTener. HeNL LITELRIE6T,
UTFENMES  SH6NMD,  LDLFEVIMLLD  LOMMID  SEIGWIL  6uFHdseT  LemImlFLometeh
Geuwiwiul_Betenest. NIFS-2_ulfssmeuy Gailliussdevieren wymiseiler @ealdhOsT@Llenul
uT&HoHSeTm ENy it ummiw SLTTUIFS S BHBHHLLLD RIS
L TUGSIUL(BeTeNHIL 6T (HSHSHIO  (PHBEWSSHEUIPpeHLW  HMID DS FLOLIL
aeiwgs  sTeugBIsafelmhaTear  Qubens o PuSHHI  QUTHLE6ET  FLDUHSBLOTET
SITIFHF Qewmurhsst CuITHenet WMHMILD WUIITHTLTL LISOEH 608 HLDSHEIHGTHL 68T
Bememibd LTIDNSSILL (HET6rmeoT.

GuomGasmeTeniulL  en almwsdHer Gumrgl, Syzygium srduier @somensulsd UHey
Gt (beten 31 @emisafled 30 @QeimissT GFasflbsinl (Berener. CaaflluTag)
aueyFay  wnHfleer, DNA wn,a‘,]j]&,m Log')[gJLb FAA @e0 Geulluflidpersd
Graflasiul L alu®masl  USTIHSEBIHST  LEIGOTS 250  wrdfleemends
Qamei(HeiTeng).

Bxiw Feuiyl ulywensd OBTGHSHSMILET OFHTLIYmLW  ussiwmengd  GBxsflw
2 WFsTeuFFGFOILSGSHL Fnl LEIGmT BLISSHIH@D Blyew] @Guwelsr 2 selujL e
OsTLFSMEI

BILIQEVISITEN FLOBTEY GIL WIS (PHOSTEaSNG lhHIHOFUIWILLL &6 6l
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° 9 of aILWIGHH 60 L6TTEBITL T &H60 GFwHUITL 1960 QeumpsyIomsl
uwetU(hSHSLILL 66060 LIsBeum| Loy S6mIS6T @ 6URISTewTLILIL (B 6Temeot

o o aATOIY Seelus sTeuy Semisellelmhbal Ffev URBSH aHTF CFTeneuse
s 0sBSs UL (HeiTermest

o deov Wsauflamen opusdevieien @emimseT  SpUIBSHOWILLH CxHw  Feulyl
UL 1guled 266 Sl IuL (HeiTement

7.2.17. Primate 2_ufiliflued sygruisdis sepSHlL b
BRSSPI LG Hemeveuj - Gugrdfiy 1 Lieiuy. mmerd

Bdb smBSIALLIOTNIGH GHIEIGHefsr (primates) Gumens suet UM HHCCW iemeu
OFTLIUTET Sieudbmes Spulellenest o 6o b@GEImgl. 6okl GNECamensenmaler: (1)
Pimate meflei Fops BLSMBE dmjllmeans SsHSHD OCsmeawi yHu simealene
2 _[HouUTHGSH6v; (2) Qumensulss srimster elehepmesr Faulsomen @ SiglienL enul
QPEIGHL Pmw  (3) elehepTer  GeusfuiGaeilen cpsowrsad GHTLOLWPmMDHUTED
swrflesiuBl  opeueol  ULRIE6eMsT  cpeoonsajd  LHw  snjlefleners  uyliysev.
@uilgusdwiomen  oonHEIHET Sifleylly WAWMIILSIL 66T  LOTSHHTLOOTHI, 2 61TtehiT
oo FuBss  FwsTwEIBN STUIDSTE OQUTHILEHSET  @HHIMPLIMULILD
QuOMIEEHT(HEHSaTMeDT. @z l6uemy SIGUEUITDIT 60T 30 S1,EUETLILIL TEISH6NT
2 (HeUTHSULL (HETENGHIL 6T, 6IHTHTOSHIDGW U0 SO LUl (hefTemenr.  GLUILIL RIG6IT
BevmIemaEUTsd  ammieTeme  2amE@GeIlussT QuTBLB @F Frsswra  albusHamasGul
elembuyiiu®GHSISeTment.

&195H0HTmSHLI Amiyflenouiwied, UTLDLIEDTUIGOSBTUI6), 2 L suemioliiulen,
OasTODGHETUIWE, 2 L MHOsTIHewsd, &HOTLEOID BLSMHSWL  SLSwaupmInG
@emLuleomest LGN BLSHOHTLIYS6T ‘Lialeflesr QumGUMIBeT (SHUIILENLDSHSH0
woppib  @eOu®pss  Geupp)  upPl ufiGsFrHEGL @F  usdglmmuienL
SIS (pempulent o TE Fpdd Fafly LOMID BLSMBF Hpedwedsr ealiehepTend
a®HICxHTemen BT UL HHHE  CHTemigrSEHCDTL.  FHOUTIRE  (BVEImNS)
QumeveTeIENEUUIEIGTEN 610G  SpUleyd  HeNGHHL  BAD  LeLOTUNTSH6mT8 ST 6o
FaNHHals (GHTEGDHmeT QemIBI(HhaTCemTD. @ealsuTh macaque (Macaca sinica
sinica Linnaeus 1771) @evigid BLSmSUIWeD, UFbUMTWeOSTUIONNED, & edlulsd MHMILD
OxTODIGHTUIWE  UFOTMIHSMET  [BID  HEWIHTERISHHIOTCNTD.  RHHHEIHH 0
yerefaiugealwed memeoulssr o midiumiiger Qurml(h QsrLjsFfwmen smeoliL@Gdules
Gurgd oiFle wrHflseT  EIwEGH Caremeuwnseyeisnet  (BTL(HE  (GHJEIGHD6N 60
QUTLDSHHOUTENGH 35 6U(HLEIBEHHE CPULLHTE @(HEHDHEVTLD).

7.2.18. s&glFQFn (bL Guendlsaiuansd UyGuirs BasIlyafuand ygruisdis s@sIl L
FBSIHN LG FHeweveuj - Cugmdflwy 2 mrewnEsmy

MBI L SHDETen AM(LpSLD

NIFS @aisiien  Qameiienall Quendosaiuwied MWD S (Hd BHDMHBEHET DLFTUIFS
SI0H60, 6TDME FLpaeiTen Quends 2 sudlenan (LPHUGSHIUSDGW, eleufliusn@Lwd,
olenBIBGOBTETUSDGWD BT  QEmeTens WOMID Sl Gl Guendsaiuiedst
FTHOBISMOT  LWTUBHSHPGCOTD. @il QpImuIFs  SusTeig FoHFOFTL(HLU
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FaAFQFTLHBU  Quendasaiwed  ouImisdd  Guoeutang  FhHFOFTLIeHBHSI
wIuTihHms GCrradlu  Bameowrmmd, FeHFOFTL(hd GWUuD, FoEHFOFT. (Hdb
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7.5 2 sl Lenwly SialmsHs

Aeiteupeuen 2019 b opemiged LIsHEH Geuiwinl L ysmer o sl Leawliy SilalmsHs6nT @L:
. BLYL SlSHHeNSHHe0 @f UHw ugemwo ailenl  Blomenilsse0

Lwysiten 2 _ulfssmeuy GaFilliussdHsd (WpLall Gousll HmLOGHH60

gFfw F5HH OsTGIHemwll QUITHHHIH0

allehEpmeries Heval OMILD UFeueLTHSM Lflelest LewTImfLomewiD

Gysrer o uljFGaoliiug GuenLulles LesHlyLomesmib

BCxAw upmf SLUIOEL HMB @(OEIHENLDEHSHE)

7.6 @ameiteusiey QWL L UFSHTen 2 LbFeuimbiSer
2019 b oyewngsd LUeiteumd LgsTer o LsjemimiaeT Gametsusie] GQaFuiwiiLl (Hefsmer:
. FTIR Mmworenso@uimerilomel
] el epev oflev eidliumes (fume hood acid resistance)

- FmBlensy LsLevemeaUfleng WleielyFTwen SHWTIBlensy Mmwrensouiwied /
SL,OMEOLOE H606UGeTT

ussw 37
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8. NIFS gperswmiuflssr auellenio
8.1 NIFS g erewfluflssi GlumpiLiey

NIFS STAFF BY WORK TYPE 2019

Research staff
17%

2019 Qe genewi 2 milleyHefleaT HFTHIEIS6N

Below O/L

7%

H PhD

= MPhil
MPhil
3% MSc

~__MsSc BSc
4% m GCE A/L
W GCE O/L
Below O/L

2019 @a1 gpenewil 2 _milerysefen euwigismer

31 auwFHn@GH
SpiulBLmy 32% 150 euwdm@ Gomul GLmy
H41-50 euwigesty
u31-40 euwieory

31 suwdm@s Swpuu Gy

41-50 suwidlestiy
11%

ussLb 38
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8.2 Gsanou o116 smiums NIFS B)si gyarswf! 2019*

Gzxemeu LOLLLD*

6)160)b

oanfluijaerilesr
616001600115 60 &

FByedL oL LD

CLPEITDTLDHEm6V
WL LD

BT eWIL MTLDHl6m6V
L LD

SLTOLM6N60
L L LD

FCyagL
(LPSTENLOWIT 6T &H6IT

BGSST
(LPSTEHLOWIT 6T &H6NT

uewTlumey

ACreapL. opymuiFAl Cuymdifluwiyse
SurmwIFAl GuymAflwiyser

@emewwt opyTWIFSL GuymAfluy e
fCreyL. opITUIFS (LpemesteuTH6i
SLITWIFS  (LpeneSIEUT H61T
Qawevmeny

@emeworiiumeny /SDU

&6 B TEMT

Ursw OamPsBILL o sHCWTEHSH]TH6NT
SLUIeYFaL (LPSTENLOWITETT

allehepmenr o GHCWTHHBT

fCragL 2 _Hal HITELHT
uemituTenheaTen HCragL LFsHHCWS

BWHEG 2 _S5HCUTHHS]T

Biours o SHCWTaHEH]T

QFHTLIUTLED Lpmid o261 & 2 SHCWTSHH]T
2 6eNadH HMGHTUIE] 2 HHCWTHHBT

fCragL opemewi 2_gellwimeny
Qameomilu 2 sHCWTHHST Sy |
HITevs 2 _gelwmeny Hyw
WaTmSHGHI 2 galwmeny sy |l

gnrd - alGsFL Hyd

QurPluiwss sueoIBT - alGFL S
Guwaear - alBFL HyLb

Spuieygal uflenys] - a18FL HyLd
ufHBeup smiumeny - alGsFL Hyd
@elGwmefl 2 gealwimern

SleUeVs 2 FHalwmeny - Fryd
Siiees BUBAT BUSSBT
gmydl syw

esflQFHISGHT SHyLb

Qumiuiwss euedaBy S I
Westelweomeny Sy I

SIS 2 FHaNWIT6N]
SLILUFBlensy LD - HnSGupTs

01 (@uubs SiglinenL )
04 (@uubs SigliuenL )
05 (@uubs SigliuenL )
03

02 (@uubs SigliuenL )

(a&u_lsurrsni'

Gueid BIHUSEOSTMH SITUIFH 2 _galwmen] BemevssT @UUBS DQUILENLUTOTETmEN DG LD.

* 2/2016 spilEms 2 11 ou'Louenent Il g DuplIIEDL UIBs QBTG

usbsL 39
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8.3 gy omemf] Q1 CFjLILBEHLD CFemer (UpIQamySHBHeVILD
8.3.A. oeniemil o1 Gy 2019

opymuiEs (Gr.ll)
HmLod). 19.61LD.19..6TLD. HFTHTUIHD
H(mLod. FHHHT (G 6001y Sevt
FH(HLod). 61651.19.UL.6T610. [HTH[HSH60
FHmod). wBsbsm QUETTT
Hm. up.61d.9. GO &Hevt
G- .. THBMWSS
Hm. M.19. ForHBHmen
H(HLod). 6. FMN(S 60T 6BITHSH68
FHmod). e1610.61D.67.8%5. GFelaubHH
Hmod). Gx.61D. 1o Feveur FHLF60
F(mLod. 611D. SHIFLOFTER6HT
FHmLod). 6T610.61LD.6T651.8H.  FH6vHIT SH6uT
Hmod). 19.15. 2CUBFxy

alehepTen 2 SHHCWTHHBH]T
seommd Fmefles 7T Hev

SLTUBlensy UL - HmatGuprs
Hb. 19.L196Tuy.05.67.&F. GOLTLLD6U6D
H(. 61610.61LD. 060G QME6HT
FHm. 15.03.61601.6T610. 6\ NEGM6UT H60T

8.3.B. Gremeu (oigamisised 2019

SLITUWIFS  (Lpemesteu]
soMHE swet Bumeushd (Rrmedemiom)
SLITUIFS 2 _FHelwimenysel
H(. 6.610.8.6160. SCUBCHTHT (@FTReoITLOT)
H(BLoS. F.6TID.UY.6]. FHBBHTWES (RUUBSLD (LPIYaDHmEnLD)
Hmod). 615.8.61610.61601.61610. (GHEWITHT (RUUBSLD (LPIg6DMENLD)
A 2B.9.65. Camsra (QUUBSLD (PYODDEMLD)
Hh. Cm.g).1e.611D.6T601. MUWISEBMY (RUUBSLD (LPIg6DHMHENLD)
Hmod). eterv.lp. QWIBFHT (FTedlewmion)
Hmod). 6160.65. MWIBFHT (PUUBSLD (LPI9eDMENLD)
. 19.6.6m61.19.  uieu e
Hmiod). e1ib.03.61601. QUBTTT (RyTedeutmiom)
A ster.. glwrgrusFs (@yredlenmiom)
FHmod). 611d.61.6m6.61651. aiFfmia (Grmedlemiom)

s Gambeomi u o SHHCWTHSHST

FHmod. 10.610.85. vdHLO G (@uie])
giyd (a98FL Hiyid)

Hm. Cs.61D. Spflweuesis (@uie])

A 7.61600.85. GewIouiHe (ule])

SiieIens BubAT BuidSb]
. 61bd.65.15. QUBTIT (Quley)
ussLb 40
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8.4 syenomw alpss / Hwer almss BsPpFASS L miser

Bdeupmigd Syoy /

Guusiy uinds HLsHer Guuiy ploeuestd / uuipd eupEIGHT et &HT6VLD
. alyrey “Genewmiieu il LTSI~ URIBTONGHE SITUIFS WHMID | Asi@Connect @eit aiwienilo | @G LDTHLD
JHBBTLIHD QarLuTer QFHTensvd HevaLl seval eusmevwienioli] (BAREN) BTl eugHd

uTL Q)

BHBHLLSHMSBLI
uweTuGSH CFHTen6evdH
BHevalenl B60G6UTHHE0

Hm. 61610, QFHSHIT 68T

BCeIT B (BHUTHSS
Qamleomiut uuWipAQmBY
QarLjure FyeuBsa
GeuemevliL L emm

BGeuT  ailEhEHTETD LOMMILD
Qurpluluwievis 6ot
wsHwBensowid (CeNSE),
@ndw eilghepran Bmisueid,
URBIB6LT, @bHuim

ABHW DFFTEIBLD

uFOeT (B BTLSH6T

o1&.1e. MWHEIS

STeugll UTGUTL(BS
@g,rr@;ﬂuﬁ]u_la) Qs mLument
(peudbFammil Lulna

FRIBIYT STeuFalulsd LLRBIST

Gz 2 _svFsmeuyLl
urgisTiusd, Gxhfw
STEUTOIWIE) LBIGTHSE
FHenewicssenid, GUITHEm6

uFOeT (B BTLSH6T

Hmod. e1er0.Csb. o uljouru o _musdl, Fobl QL6060 OsTeOmILL BlMieusLd, uesTesly ewst(h
oWBFsy Aplurésd WwHMID eUTHEEhSFTT G606V [BITL_&B6iT
ArGwnas QaTLjurer FJeuCsHs
i
Qzevad. §.8m. GumeusiiGas 2-Wieuru] 2 PusHF, &S0 OL6060) BbIws CHTHHIL L WEE (G
UpliumésD oMHMID 6UTEH6TEHF T LMD CUITHETTHTTES BITL_&6iT
GyBwraw QarLjumet FjaiGsHs FnL_ (HSHSHTLIETLD
uuipd
FHmod). Geg.61b.15.61610. Quiss L TTUFS QampLy STFCHTUI OHMID HIMTUTT6D usmso‘ﬂusm@
LOGLDIJ 60TL_616V Gouemeotiu Lemm OHTLumest GLF)HUJEB@EB@ Grg,"lgrrem [BITL&61T
FTeuBshg GeusmeolilL L snm FTUGHFF FMIBLD
HpLod). Be.61ib.L3.6T610. LW CUMB  BHBH6U6D @a&m(pLby &STFCHTUI WwHMID HIMIWITED | @aTUSHI BTLSH6IT
LDSLDI 630TL_62160 OamPsdBI uD upPlu Ruishs GrruisEnsG e1dyTen
SurmIFAN urLQpm 2 FTeuBhaF IFmIGBLD
QarLguret FyeuGsHa
GeusmevlILI L emm
ussd 41
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Quuwiy uinFs FHLsHer Guuwiy Bmeuestd / uwipd euEEIGHBT ggzgﬂ@w sy / ST6VLD
5@“351; .15 GumGu STLILY 5@@@”“‘@ Uﬂ'lﬂs]lf—' allehepmenr mimieusid (11Sc), allehepmenr mimieusid (11Sc), S0 BILE6T
DYTMUIES wirewieuf BTG GBTLFUTEN QuEIsenT - @bHwT Qumiseny - @bHwT

FyeuBss ommr®h (SCCS)
FHmod). @61 HIeW)IH G oSBT Iguiluied Quomerv@asm, FervFwim alghepment, OHTLOmILLI Spml BTLSH6NT
Lieimuy.9.&.9.05y7 &6t wHmd X-aHj Simst Q@i OMID SLTTUIFS DIENDFGH

SPUIe CLPEVLDTET  SIErOLIMHM6ND

QaTemi(BeTen USTTHHHEIH6M6T

seflwenen puiey GFHTLTLITET

FTeuBmhs GeuemeoliLL L snm
Qgevad. e1o10.Cs. BMVBBRTHTEH LIRIBF BB SITF HTeugailsd LEIGT, BL_L_ 601D CPSSIMI BT SB6NT
oWBFsy oMM HTEMTEIH6T QG HTLTUT 6w GuymOmeflwm allevdmafdalul_(heTengl

BxFlw GsusmeolILL LD
H(h.6160F .. 67610. 10 BevmImaUiey cLpEIEeD maHW BTGB DBHOBTI | LCHTeN FHMTLED 6usFHden | @b HT6T
EVE - ThTE: Qawe(penmLILI(HSHSH60

Sl msH Bmieusrd (UNIDO)

(GEF)

ussL 42
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9. sewibaTUley QFUIWbULL B&Hssmpmmp 2019

9.1 Pl QupBumsefienr Fymbed

9.1.1 (peaiieiwl eu(bL BIBEHL AT GFaaiar LG

9.1.1.1 emiGLuptd QFsveiomr UG — GBS/ OUIBLIBISET

¢p.’ 000
QUBLLD 2015 2016 2017 2018 2019
SelIu L safumiser | 113,491 | 122,808 | 122,430 | 137,142 | 157,177
gemeiw BewiolL(LpLd 61,473 | 67,293 | 76,188 | 77,815 69,062
O FeLAI6BIMBIBEIT
GLoTHSLD 174,964 | 190,101 | 198,618 | 214,957 | 226,239
250,000

200,000

150,000
100,000
50,000
0

2015 2016 2017 2018 2019
Bgallul L eamduimisern gemenil LSO (b QFeveiimissT W OL&HLD
9.1.2. apsvseans GFsvaiom @ULIB — gbHI QUIHLBIS6T
¢p.’ 000
QUL LD 2015 2016 2017 2018 | 2019
Blensowimen Qg6 e 741 4,782 5,874 | 19118 | 15,813
FHNBTILD
sLlIgL  [BIfLomewid 43,852 | 125,261 | 110,674 | 58,374 | 66,025
SBIMUIFS oDHOID - - - 115,458 | 3135
S mHSH
Lo zLd 44,593 | 130,043 | 116,548 | 92,950 | 84,973
uss 43
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9.2.2019.12.31 @60 (wyouemL bz aBLSHDGIW BlHI QunBuMseieT Fymbad

5em1GOL(LpLD CLPEVHEUT
@xmens (Rs. ‘000) % @xmens (Rs. ‘000)
2018
suge@FsvailL L L g 276,189 100 267,516 100
SIBISEFesILLL ) 190,000 68.79 120,000 44.86
slGellssiu’Lg 185,023 66.99 98,194 36.71
2019
suge|OFeaiL 1L L g 201,671 100 81,000 100
SimISSflbsIULL S 201,671 100 81,000 100
allpalssiu’ L g 201,671 100 48,300 59.63
en1@OLpb GFevaiend-2019
Curas@eursHa&F
QF6v6H61T
0.19%
———-—’—' ~— ugmofliygd  Ggeveied
Cremeusmel 2.43%
9.22%
aIBGWTE RIS
61
3%
= QUTaGaTsHEIF QFeveyse = UTFlLF GQFsvaied = B GWIT S HBIS 6T
Baemeusmeit = gemasit  QF6vaiesmics it = iUl L oarduimiser
(euHaF OFevaisin-2019
urflu &sBSHLLD
3.69%
STewiud Hmewil
Guowbuim (HLd
3.12%
BIT6VSBL  LdHBEIH6NT
0.35%
& (HNBEHLD
SI(LPEVTESH(LPLD
0.03%
B pu16dnl. 2 LIS 6IRIS6N B S|60[6U60% 2 LIGIJ6UIRIH6N B FU 191 RIGHEHLD DIENLOLILSHETHLO
sumTflu BHSHLLLD sTeilu smewll GobumBLd HRITVBL LHSHBEIS6NT

B E5HaNBEHD  DI(LPEUTHB(LPLD

ussLD 44
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9.3. Hidl Memevenio OFHTLIUTET Fnmm

SPLUMLES BDNBBEHBBTH CHAW HHIeUeTD, Bevmiend
2019.12.31 @60 2 _eitencurpmen Bl Blenevento

QF T H1E5HH6IT
BL(pennF QFTSHa)| o6

uewi(pd 6ukld s ErpLd
MEULILBH6T, (PMOSETHLILTESET (LPMLIGIBISET
SBHDULLSSES Hepeowmer — OFTHSIBSE
afior wppuemt B pH6SH

BBTos sLal HEU WwseSh
Blemeowimest Q&S GIHHEMhEH &L
QUDMIEOCBTETENILL HHHDH 6UL g
2 HHOCWTEHHHT HISTeUD HL6GT

(WPpoueI(p genatwl QUMM CHTET6NSHSHSHHEMEUUL|LD

QLI S6NT

BOL(PenDWeONE Q&FTHgIbH61
BewL(Lpempuilsvieiien  Geusmev

B BT SHHIHHTN UFIOLF ClF606H6IT
BGxweoru PHW (PH65B

LuIBdlsh HemEemLo

QarsHgl, Uy LBBID o LSFemID
BOL(PenDWeONE Q&FTHgIbH61

QrHSHEF CFTHHIHH6NT

CurmII&BaH6iT
B (Bl QUITBILIL|SE6IT
CFVGHBHLILIL HHdHH BH6mIHhEH D6

BEML(LenBUIsLEVTL  QUITBILILS 6T

GSPHOBTHIGSILL L [53HEHLD
(68 oV 1q Th)

GaumpiuBLd GuUITmILIL |6

QursHsl QuUTEBILILSESsIT
Carflw CFTSHSHIBB6I

peuHe HF - GFevall LUl L &)
CFevalLLLLTHS

FOTHUSH B - QFevall Ul L gl

CFTHal 186ToAIT G PHIHE

Bmieuer Bl

Qursss Baiw CFTHSIbH6T/2 flentolimid

uefllumery

GMliy

SN

10

11
12

13

QFwevmeiy

usHsL 45

(BsitgnBuiL LI’ L i)

@ e.m @ .m0
2019 2018
108,990,251.49 150,529,456
26,948,257.89 14,022,035
59,669.77 59,670
300,000.00 300,000
303,481.01 296,325
7,814,723.76 7,244,022
5,015,609.06 4,805,947
161,317.94 241,747
1,800,759.50 2,298,338
151,394,070.42 179,797,540
6,227,761.41 17,455,040
332,319.49 711,307
122,736,536.35 111,505,089
949,197.40 949,197
2,116,425.75 939,080
593,722,817.84 593,312,493
726,085,058.24 724,872,206
877,479,128.66 904,669,746
8,014,385.22 8,981,445
3,131,903.55 3,351,446
11,146,288.77 12,332,891
156,978,269.37 150,873,195
188,461,590.38 109,852,958
345,439,859.75 260,726,153
356,586,148.52 273,059,044
520,892,980.14 631,610,702
670,608,789.86 668,452,882
63,862,681.00 99,020,834
7,078,501.15 7,078,501
118,388,385.47 118,388,385
(3339,045,377.34) (261,329,900)
520,892,980.14 631,610,702

SHEEBBITET
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9.4. Hd (paTGammd GHTLFUTE Famm

SlgliLmLE HDHMBHEHHBTE CHAW [Hmieueid

®e6vEInSH

2019.12.31 @60 (wyoumLBEH emibEBTH BHH (WPICEDDSE FodmI

(BeirgnBafi L’ L gl)
Bev. . @ev. 5.
GBI 2018 2018
Qurne Qepeuf
201,171,000.00 185,023,000.00
BewrOL (> GarenL
6J6METUL 6).I@LDIT60TLD 14 38,433,128.88 23,958,585
239,604,128.88 208,981,585
Qgevaierd
15 157,176,641.27 137,185,994
S L 2e1glub
CurdGHeauTHEI 16 437,162.50 1,290,869
18 5,496,986.05 7,736,718
Uil
PUUBS CFemeusmer 19 20,865,505.24 22,072,459
QuoTensH8HUIe 92,272,862.18 85,070,357
sJemeniLl QlF6veyB6iT 20 35,276,043.06 31,25,231
318,511,677.21 300,056,382
CwrHs PuItiyg GFeva|®6IT
Buikle GFwBLTHSeMelmbSTE LBBTSEmM3 (78,907,548.33) (91,074,797)
HHF QFevey
Blemsowimen QFTHSGIHSH6I6 DTS 601 (200,049.93) (8,483,398.08)
Gungmen Georuid / (GipriL)
QMLSIBSHW CHMlw LBBITSEmMB (79,107,598.26) (99,558,195)
ussLD 46
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9.5. HiF uTUIFFD Famm

SYlILmLS BNHMBBEHHBTE BCHFW MBmieueibd, SeVEIMB
2019.12.31 @6d (wyoumLbPH iERIBHBTET BHHILUTUIFFD Fap)

AurlE CFwBUTGSENeIHHSTEr LRIl LITUIFF6D)
Frgmyent CFWBLTGSEHSGIW LBBTSEmnB
Qe .

GupiorensCsiie]

Caupiup QurpItiydseisn &lFws@GamBLL

weusaF QFTHHIeEHeMa SLLBLULGSHSD ST @pLIL|
UeoN O BTemL_cb BTN GULPMIGHED

2 HHOWTEHST BIBTod SL6T (SIPSFUL)/ Gmme)
FrsSeLY (iFsfiiy)/Gmpey

(PBUSTIIPLD  Jemeul QLBBIGOHT 66N & HEmeIULD
(SIPBHL)/ &mBe)

(el eselt, (WPBOSTHLILTR| BXBID (LIBLIGIEIEN
(SIB&fiL)/ Gampey

CFVHPLILL HHHH HWIHEGHH6M (AHBFLILY)/ &Hemme|
SI_BB OF6v6yBH6T AHBFILY/ (SHMMBO])
CFdsLLL L Usmfld6sTenL

CougiuB GurpILysHeTsn BB/ (GHmmey)

Qurkig GFuBuTGsefedmbsTear Caplu B LTIFFed

WH6eS_BF CFwiBLTREaielmbaTan HHL LmIFFed

bl (wevpulevisiten Liswll (SiBsfIiL)/ &emmey
Blewsowten QFTHSHIGEH6MeT QHT6iTE6T6
LWIBAWID U ETHEDLOULD
Blewsowiten QFTSHSHIGH6MMeT FFemLoiL]
BGawsomLl B

- BIBT6YS SL6T [Bl&

- urflw

BHHSHHL LD

WwaeSLBF QFupuT@safaldhbarer CaBlu Bl UMiIFFed

GoBQsTsiTeniILL L (p&HeSBH6IT -

DITFTRIS (PSHES(BLI LkiseriliL
allBFL MHBEHD LOTENUIMISEHLD

P& rwbLT@sefeimbarear Canlw BHH LTiiFFed

BF wBph HE Qmenssis Cafiw SiBlsflL/ (Gamsey)

WDUSSIBHS BiH whpID B Smenss

BnHigsiien Mg wBpId K Semewismsin

. (BeitanBri UL L gI)
&y 8. . 8. .
2019 2018
L& 5 (79,107,598) (99,558,195)
(79,107,598) (99,558,195)
Lsb 19 - @iy 8 92,272,862 85,070,357
uésid 27 - @iy 14| (16,279,756) (4,485,370)
L&aid 5 200,050 8,483,398
ussib 30 - @iy 20 6,932,429 6,075,930
LsHLD 4 - GPily 3 (209,662) (177,058)
ussd 4 - Gy 5 497,579 45,278
udasid 4 - @By 4 80,429 (57,386)
L 11 - @iy 2 (12,926,223) 7,781,569
ussld 4 - Gpiy 9 (967,060) 2,481,178
udsb 4 - gpiy 10 (219,542) 133,486
(3,136,442) (571,238)
6,438,257 4,484,631
72,682,921
(6,424,677) 9,706,580
ussd 4 - Gy 6 11,227,278 (15,295,040)
udsib 19- @iy 8 (87,805,084) (75,981,068)
udasib 4 (570,702) (631,078)
Lssaib 4 378,988 (108,620)
s 4 - @giiy 7 (11,231,447) (22,230,737)
LS 4 (7,156) (28,178)
LD 4 (1,177,346) (939,080)
(89,185,469) (115,213,801)
LD 6 48,300,000 98,193,544
U&sID 4 - @GPy 5,770,941 31,580,329
11
54,070,941 129,773,873
(41,539,204) 2,466,652
ussib 11 - Geiy 150,529,456 126,262,804
1
ussid 11 - @iy 1 108,990,251 150,529,456

ussLd 47
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9.6. Gl QFTHSHIHBH6N/2_flenlolLmidled gOULL LOTHDEISEHSEBTE JFnmyl

SYlILmLS BNHMBBEHHBTE BCHFW MBmieueibd, SeVEIMB

2019.12.31 @& (weuenLbp pemiBabBTNn CHPul QFTHHISH6N/ 2 flenolLEISsd gHULL LOTHOEISEHHSTH byl

SL_HUUBHSHID 2 HlugseTer 2 _flenlowlmen s endauenel

2018 s 31
Bsvieieeurren L5

Bayobemd: HLIbH UL HI6
Burmren H&HF FHOFuia

2018 wrjs 31
@evieiTereurmmest L5gH
(BeiamBpiiL i’ L gi)
sogLiH
LUBBTeHE D/ 10ens
Lomealwg 360 (HbgTeN

Bemsowirerr CFTHHIH
O meiTev66)

QUL SHBHITCUTHI [ p316u60
BEHEGHF CFyoHslILL LI

AQuimig GFwBLTBseed
BEHST LBBISEEMDB
BlemeowiTedr Q& gIdaH 61T 601
SILBULIEGEHS60
SITFTRISHBILLOBHHSILD
JMSLI  CLPEVBIHEITSVILD HHFHILD
QuBBIG QHTeiTemiuL L
apsogen_Bilssin

[T 30 T 2
Gauw L
CLPEOSHATLD

Femaiug)
BBlwib

eI G Wens

Bgeusr B

CursssH Capiiul

QFTHSI/2_FenLol LIk,

842,627,084.00
(75,153,367.60)

7,078,501.15

118,388,385.47

(265,649,541.04)
(193,665.00)

4,513,306.28

702,444,429 58
(75,342,032.60)

4513.306.28

767,473,716.40

48,300,000.00

7,078,501.15

118,388,385.47

(261,329,99.76)

1,198,455.68

(79,107,598.26)

631,610,703.26

1,198,455.68

(79,107,598.26)

48,300,000.00

Coumiuo GuTmIILSE
LomMHOUILL L 6m6u

2019 wrjsd 31@60
2_etareumpnen 153

(81,302,245.54)

193,665.00

(81,108,580.54)

734,471,470.86

7,078,501.15

118,388,385.47

(339,045,377.34)

520,892,980.14
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9.7.201916 SyewTgMETeN HWBBEL(HES OQBTETeNSHH6IT

SYlUMLE BHMBHEHBBTR CHFW Hlpieueid - Gevmiens

(pEBIAWSHIODIOGE HBEL._(HE OQFT6ITemHH6IT
2019 s 31 o Had (WYamLHS 3Le1[H

(1) Qurgis HaNsd HE CETeTensH6T
1.1 o1 by seusdS GG Qevhmsulen DTF Hms HemibsSl B BUIDBIGEDEG DMIDEITS

1.2 3I8s Bumsd SuieEL. 2 usFewd, CQUIBl(penBE  HMmelsst, o gHlflest,  GeMipL 1pHei,
aefFFITeEaHsT, QFHTLIUTLE 2 _LISJuID, DIEVIN60E  LOBBID  LL6UHS 2 LIGT6wImhIG6T,
ellenemuim’_BL QUITL_s6iT S lulent alGaL B6NT-0g LT (Hb G(pslenTed 10611
QUL UL LI L L 65T, BH6018GH BN LTS b 613 LIenT 61 &b & &1 @ f W BT 63T 61T
RAmEBH6M6LM6V.

1.3 2011 @60 eim-oANIG O’ L Heveowimen GQFTHHer GQumiodujid 2015 &ev  Gom_ Ly
QITHAISSHE  QUBIDHUID Bpelsn [HHd saubdamed FFOF UGS  eT-ogli’ B
RHBHTHH  STLLLUL (Belterienr.  Goml Ly  eursenmisefles  WeT-ATLTeng  sewng  Gom_Lmiy
CuTs@aTHalH Hemewibsendden LFCFTHHIML SBOUTHW Fhemdll GumIogduisyd 16.02.2015
Bmid 20.02.2015 Hau HaHseied Gomolsmeieniiul L gi.

14 sBCutsw  weaGomdme 2 BIFILGSSUSE QUTGLH  Seudlwiorer G Hiserflsd  (Lpeie
AWIBHESGFUI B60HBMIBEHID AITHBUIHOBHTL THEHID L561T-6(IDMIGBENLOSHSLILIL (H6TT6Te.

1.5 QeuelpT_® HrewILBIG6T LOTHBIG
FH60 GeueMBT (B Hrewiwl WwrBEIL LfomBBRisEenn UfiionBshissT HlensGauBplul L FhaIlilghde0
Blevallw mrewiwitl uflorBp eiesHdHler oiglien ulGso6uw rmplul Ler. euBwr@sry Geusfpr (B
BTewLS HWch@ WBHwmeard B Beveaurd gmpplenr SHasHulsd Bevalw ufliomms  eisshae
SlQLILIENLUT6D LOTBBUWIEHLOSSLILIL LS.

1.6 afleiginy
1979 oub Syewnged 28 yid Bevdbd o 6T G Reopeufls FU L sbHen Nfleyssit 8(a) (XXXiX) wimip 42
(f) Pdweuppenr  gBuTGBelen & auGLTaNuledmhs  Bevmemauisd  BHHBICICTIOT6IS]
a6085H611 B S ILIB S HTBS).

(2) QersHgiboEnD SuBplet WAL BHHTH  HIPUILIENL SHETHLD

2.1 ®minssir:
Amuysst sugeorBml Falwimen GQuUpogulss Siglitient uflsd UL UL BETEMTHIL T FH6V 6ULPMRIBEETHLD
FIFO sugltiuenLuflsd waini Lii@Galsimsen.

2.2 Hemeowimenr OFTHHIHH6N:

2.2.1 Memsowimen QFTHHIGH6MeT GUBILSWTEEH JEHMID HBOFUIEL GFsveiaImiBEHL 6 Fnigul GlEBT6TaINT6)
SIV6V&HI  BU_BLoTel  QUEILAWLTGID. Bleneowimen QFTHEHIGHeT CQuUBIDSUTsT DigliLienL_uled Lge]
CFlwiu@GeIBIL6T 2.2.6. @60 el HHIMTHBLILL[BHsiTen CUBILTEHECHUIR DlGlILIDL HGE DHLOITSH
QuEITETSHCHUIITENEH ST L LGS STBS.

2.2.2 Opuwwf  qpenpuleomen  FFlw  SewbBS(BH OBTGHSWTOIH  SHLIQL(PID  SHLLEDMID Db
SRS B BHLILIL (H6IT6NHI.

2.2.3 mImeusll LbsEmIBeTe Gupndwreig GuuiorarsCsuladbe 2 L uLrs @h.1,097,477.65 GQumioguime
@7 wryflend CFTHEH (IMIUL SN Hme) PELD.

224 spliegEml 2 LSTEUIBISET OOMILD DIVIEUS LeLaIMS 2 Lisyenimiseilss GLpnaduirearg
ST _FUUGHHO CrTdsdhden Gurml (G Cusmiiu@Galsip wBnid (wenpGw ¢p. 16,317,450.00 wibmid
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.770,940.00 gy GHemmséaliulL QumiorearsHed GeualiiubGsHSUIUBHSTn CFTH SIS S 61
2 66L& &I

2.2.5 mpaiGsrenLsenmall QuUDmIGG@TaTaIUBGLD Bleneowimer OFToHHIGH6m 2018 1D yewNgedlHbal
Gaumiuo CUIMIISHNTS AHEBIBSFSBEILIL (HETETe.

2.2.3 plensowmen QFTHHIBHeM6T QUEBILOTEISHECSH U6
QupITETHCHUIeySET  GBUTLTOIG SLCUBIcSHedw  LFauflig CFuusBE& gnm  susnadUilsd
Bemeowirenr QFTHHIbHe e Qupogdulsn iglitentullsd eieumorm senfili® Cauiwiu’ Bsitengi:

Goml_ LIy euT&HenmhIgH6IT 20%
BITOVSL  L|SHSHHMISB6NT 33.33%
&L IgL LD 10‘4
[BITVS 2 LIGJ600TLD 10%
ellenemuimt_ B GUITHL_&6iT 33.33%
B 60T6N B6IT 25%
Hemrenl  GLoeTGILITH6IT 25%
SHONLITL_MIGEHID 2 SflebEmpid 10%
CHTLFUTL 6D 10%
auell& Fymabad a6l 10%
@6MHL_I1QH6IT 10%

QuTSl(emBsd HMmENBEHD 2 SHflEEHD 10%
SINIEUEVELD LOBEID HIAMEISHD FTTLITATENE

SImBHG I 60lemen  FHieufl 33.33%
UTSHSHImhISeT Geul (BHHsmalssT LoBBID

2 _6WIGND 2 LI WIS 33.33%
UTHISMILE SHmHel 10%
SIGVIGUEVSH 2 LIGIJ6WILD 20%
flovevenmF CFTHFHIHH6I 10%
afluTHEBHHHH QFTHHIHSHENT 10%

*utgeminsd smel — Gupiotars8sule) eismeig 1999 oib eyemngelmbs 33.33% Remhs 10% s
LOMBBLILIL (BETeN ).
Blemeowimen QFTEHSHIBHEHHHTR CUBIDTESHCHUInITE CETaalaald SHaHuledmbd ILBLULBHHD $HHd)
auemy gBuUTG CFuwuiLGE B
2.2.3 AriLiou L QuporensCaulaTergl BmleuarhHer Beneowimed QFTHHISHMET i HHWieneilsd
SiMLaUSH6 GUTBLB 2017 wrfsfl 31ob HHd HHHHWNOESLILILL F.

2.3 wa6e5e
NIFS @61 Bzwsomu HAWSHBEGHF OFuiwiiul L wpHeomeflulensid COamifeorerniaefensid LkiseiL®HsiT
Cardlw Cx0lI eumidluiesien Blemsowimen enaIliled (WHeS® CFuIwiii’ Bemengl.

24 psjeys sSL6T BHAWSHISGHF OFuiiu’ L ukisefiiurergd Ghdw GFuliy eumidulsvsiten GFOILH
HeMIBAHI60 MAULILNEILLILIL (B6TT6Nng.

(3) QuTEIIGSEDHD GBLTBSHEGHID

3.1 P8 Meveuss FBubGlu Had euemTuimen FHe0 SPWL L GUITBINILGSEHID GBUTHSEHLD
BHEMTEHGHB6MED  ULPBIBLILIL_(HETT6T6.
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3.2 guieyl UeRN&OETeL
1983 &b Syeungedt 12 b @evbd LellbOBTanLF FLLSHH6 S Bb Hmeuaibalsd 5 Disvevgl
SN Fnlgul QHTLTFFWITen CFemeud HMe0HMBH CBTIH6ITeN 2eMPUITEH6T QHTLTUTHEF
CFVIGHHLILIL 616060 @UIeYdH LiewlBOETNL HHTH RNbHamb@EHHaMe0 guur® Gauuiil Bsteng).
A& HFH Beveusd Fammlsd LIBCUTLOL L QuImIIESeile SD aleELILBGSHBILIL (BTN,

3.3 N.LLF.S. Bzweoru maSuwib
2017 <b suewi® risld 31 b HeHulsi Lgwimen o miilengseien HHWITEIG HFH Hevaurd Fnmsleo
B MmAHsefenr S ST LLILL(B6iTengl.

(4) @enpaufiil LBEIFSL Gas6i

4.1 o5 oTeflwb
Boempd GFeveiamdales QuUTmLB Wenmuielsn Spres aBLSHH0 CUBBISOETTOMILLL DT
LoTfWIDTEIZ MBL HHIBHTEN HHF QFUIOTBBINSEDS FnBBIsE& @R UL BeTeNgl. (Lpedieul
RIHLBIB6MeI[HhAH Hyewi BmleuansHer GorTds Renpealfl WBBID APe0HT HHB6T B Bevalyd
FBEsleL Himleuen HFHHNMTEHS ST UL (BeTend).

4.2 QeuefBT_ (B LOBBID 6GJENEIL Lo LITIBEIT
FH6v CeueMBT (B OBHID el OTENWBIGEHD HHdH FmBBIbHeNle0d DRSS FHEILL BH6ITEN DIeIITBT6
orelwkiEes SenelL el GHTLILMISSHE meWTeniILGaSsimer. aImLHHler Curg Gasvey GauwlLLTS
oTeflWBGsT [Hg Bevaurd Fammlsd GMISHOSTHISGSHII L H&HE6T OBMID LoTeNuIBIGSa6T 81D
STL_LL1LI([H S 6dTmB60T.

4.3 ymiFAebEren T [Hg5
LWSTLBSHSULLTHI6TON  GHMIHOBHTHIGHIUL L  wreflul 1S HeT BHd Bevaurd Fnmnlen @&GnlHOHTaHIGHIILIL L
BFHseMen S UITUIFFHHTe DUl HASWITHS ST L LI (Beieren.

(5) UTSLB @PHGSL 196 LWELTE
Wenmule) G&Fuiwtiu’ L @i rerg S LLul HeTengIl 6 (Lpeitentul ewIBHEGIIUl LPsUSH6  HF5 w6l
B EmBUIBID SLEmT9ed LILISTLIHSHSLILIL BeTTerent.

BH6001HSBITENTT
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11. semssTUlaTen BTWSSH SPHnd OBTLIUTRT SLEHBIS6T FenLiuler
S|UBHTGIIH 6T

B OQumPCuWIiUTGD  .OFHefeyseT GBheauliLiger  FmEseNHHeoTer DNl
QUTH SHBHALD.)

1971 &b Spemigedt 38 S BeLdHBHSH HHF FULSHer Lfley 13(7) (@) Be1 LAFSMID
2019.12.31 &b SHadh wyaBp  SeBSGw  SIQlLmLE  SBmBHEhHBTar  ChHdlw
BoIaiHHar HHH FmBBISH6T WBBID gewerwl el wmser G TLJileomer 2020, £3°631
reb 2310 FHak Oeueuill L  SewidbsTUIeuTeT HTWSHHaET  SBibend CHTLjurs 2021
CalLbuy wrHbd 11 HeHUI LU L HLEHHIH6T FenLUTET DIEUSTEIRIGHET.

1.4.2. GLRIENS F & SHAVIHDL. WILOMRISETHL 63T @) 6WIBIST 6HLD

(a) @eomns oPF FOWs HENSS. G BHuwww - 03

NIFS  @eumev SI6UI] BH(ETHEDL_UL SLTTUIFSHF QawmurBEeT @z TLFuTsL
UeuppiuGdem o flu  seuss (b OCaTaTndEmul  aHTETVHH0  BldHd
gapmisefed CeuellliubGoHHIusDGHS GHNGHIH CsmeTemiul (HeTengl.

(b) @evmIns o FHoms SesSLG Bwww - 07

UL B (pmDWeeors QFmshgisseT OaTLumer WeTHII G dANHmHH6T
e saUummieten Gurdsvid, &mewll WMHMID SLIQLBISET SiLBIBeOTeT LsOGeUM
QFT &35S 616 DI M BB 61T 20T X: T (AIH])) Gouemtigu|6iTeen. GG
BeToAIIL(h sinsmaset QHTLIIN, 2 flu FFuubhssHe0sat GomGsmeTemiiuLo.
SIHDBHEMLOUI, OaTLFFdwmsLl UweTUBSSLILIL 66ITern [B6DL(LPENMUIEOEVT &
Qarsaibsamer Qudaeat Wenmule] Gauiwliu@LD.

1.4.3. HousHE._BH OCET6iTEmdHDH6NT

(@ NIFS @emmed SwufsEpmLW  SpgTuIFHF  Qewpur®Gser  OHTLIUTSL
deuppiuGdam 2 flu  seusdSl (hd OsmeTtemsamw  aHTBTeuHH0  HiFHd
apmiseied GeuefliuBeEINsDGHS GHNEHHIS sTaTeamlUL (HeTeng|.

(b) @ssezeilar Wanoduldh OCsTLINN BmeuaisdHed VeupplubGdeam o flw
BHeIHSL_(Hdb QBTETENSHMU THTBT60HH 60 =S FnMHMIH6T60
QaueliubBESBIUBDGHS GHNSHIE CoTeTemiul (HeTengl.

1.44. SaES_[BdH GOBUTHD6

(@) 6890 uysSsamseiledy OQuTEL SanssGY  JMEmasulsd  uHwlul Geren 6
USSBEIGHNT SIHENG 2 L UBHSHSUULAI0M6D 61601 HwTheTUl6e]  MwalarTallsd
Oaflelssiul (heten Gurdeib, G@meTeuste GEFuILILLL LSHSHHBEIH6T NaHanGeu
HEWIHGH6M0 2 _aTeNLsslUl(BeTenel 6 @HSTe0  MWSSHTLILGEETNGI.
SLEBBIHET  FOUWIST IRSHTISHDEG 2 LU’ ®H, 2000 @@  (pevteored
OFHTEMVHD LS SHBRIBH6N OsxTLFLI60 FrOFwIeusn& THL_6LI19 & 65 & WIT 6T G|
GomOsmeTeniILBASBIMI). 1998.09.01 OFHTL&HSLD 2021.05.21 6U6M T ULIT 63T
asmeoliuGdHuienr Gumgl euGBLIBS Setuaiiysentasll  QuUDMIECBTeTaTULL (HeTeN
1631 yssamisefed  almev  GIUILOUL(BeTen YSHSBRISmeT  LOTHSHTLD
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(b)

(©)

(d)

1.4.5.
(@)

(©)

BB GHSB6Me0 uHusNGFw BLeugdbmEBHeT GmOETeTemiul_ (HeTerner. GeaisFiiy
S}, 6LETIEIH ETh () S|EMLOUT S, BITELHHS eVI6T6T F5H6V L& HBMBISH M6V LLD
oAb eusn@ WeatGwmOwiuGeausiLer LHNyFfenemumeigdl DUSHST  LPEVLDTH
THTBTOHHV HFSBULL (HEI(HLD.

@Fe0  GPIUILLUC(BeTen QuupindseT  WeTdmemIULILUUL BeTengiLer 2 flu
QarhaIBHMme FT6| GFwieusm@Gilw udeyser GuemTiiLL (HeTerme.

Blneuenssreo 2018.05.04 @60 BLASHUULL @mFl Qurgl eevdHe g Lpsiten
OurpLaBan  oSemeu  Sp@Ww.  ep.  56,670/- Oxmens  QumiodujeTen
Gumanmliul BeTen pm (06) GHTGHHI QUIHLBEDHL JTWFH6T, (GH6NHLIQH6NT,
QeuefGwpmid Westeldn) Bureimeupenmsd CETeI(HeTeNe. 6THTHTED 6J60D EITMIEV
BUOUTHLBMET JHH GHMDHSH dmreurd Gumiodulsd alpusm@ 2018.06.09
o HadH BOLOUDD BEUIHBTUIR| LOOMILD (HEHTMDSHHIND G(DH Fnl L SHHlev
SyoTeNsslIUlBeTengl. BmL(pempuisosond Carsaibaseian  WeTodlih woHmib
o flu  semiuenienw HmGaunmisansG (Waiaiflento  eupmId 660D G6STMlEneu
Bewi(Bd  BLISHS  (PRWTHIETNH.  HTHETVHH0 2 flul  QUOEBIGHBM6MTULD
Friubsseosmenud CmlaTaTeusnGHd GMHHIS CaTaTeniul (HeTeng.

ENQULERL Femuuileot SIRSHTTHHMGS o Lul(h [HEDL(LPENMUIGOEVTF
QFT I H 6N 601 3Ty udeayQFwiwiul_(heter  BlmieueTHHMGHF QFTHSHLOT6E
¢5.900,712.18/- Oamenad OGQumiodHujeien 09 OCFTHFHIBHMET  H(HLOLMBHEIT
®606VITLO6D udHaN Oy & QFWIusnGflu [HL_6UIQ & 60 & WITE0T G|
GmOsmeTemiiLL (herengl. SbBHWTRIH Bempwl auenyliy SpUIednl D QaINened
sriluger QuTBLB SpsE wrstean  aloustw  SmwsFdammsd  NIFS @ng
QULPRISLILIL L G, GSMNHD B(HSHHIL_L DTS BlenmeyQF Il (HeTerm gL 68T
o usJeuImIGeT  wWmeb o flui  omwFar 2 amLemwulGBw 2 _elere.
grpdwurers NIFS @n@flug 6060, QFTHEH aumBHeTe0 2 66 el (heTen
ap. 900,712.18/- OQgrems Guuuodwmer BIL ublseT GuTELUY EISTIQUNE
o GIT6ENEN  GIVIUGIL T iemeU  LOTHE] FemUWTED LWRTUBSSLILBSOITE0, 2 Flul
OxTLFUTLm6L GmOsTaTeusm@GHd GMHHS CaTeTeniul (HeTeng.

SHMHSTUINF FTaIB E6060TENLD

Bleweowmenr QFTHHIHHT UHCaULIgemeT (pempWTHl GUamieuBeT (LPSHH  LIQUITS
BlmeueisHent  Bleweowimenr  QFTHHIGBH6eMeT  TOHII I9METen el UflFevenest
[H L6119 & 65 & & 61T o flu Qurgl LI 6UMBIG (6TH (&) SIMLDEUTHLI Uisa
QWL (heTenedl.  SHMewldHeT  LOMMID  HLIGLBIGET  SILEIG6OTe  LIsoBoum)
QFTHHIGBHEHEHHBTE 2 _Flul WeTodiL(h mdamawrarg CQuDmIbOsTeaTemiubheHe0
Gouewwi(ho. MHOBTME SNdHmEBH6T  CUDMIBCQBTEOTEOTULL L 6L 68T  [Hlen60UIT60T

QFTHSHIHDH6N uHGouLmeng y&w FTIL(H 5605 6THL 65T alenyaileo
BnepiubSSULBLD.

o suEHenTaill Gamail UTLOLIEY SHITJ6UILOM & B60018 0B (HLILITEUT G
STLOSHLOTSIUIEHLOUIT 60 &6018 QB (HLIL L EEE: L)) HEMIBHBTUIO S HTF

FollsaiuLaleoenso. Gensu 2020.10.29 ey FoFLldalUL (Heerme.
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1.5. FLLBIEs6, a6, LIFOTemmiEsT BHID (PEHTMWHSHIONG HILOTEIMIGEHL T E6ImhISTENLD

(a)

(b)

(d)

(€)

(f)

OaTemevbhd  QUTEHLSBMeNS  HewiLmeudet  Qurepl®G o u QurgeTelurd
ulyweosefesn CuamimawTand LTWLISSIUL (heTengl. OsTemevbd CUT[HLS6MTHS
Oxofleuts GemisTewiliul (heimen QuUTBHLBmen @miHwns 2 L enwulsd neusHhHbd
2 HHCWTHSHFHTHeMeT Ul lgwensod  Fojuldes@orm Qur@pl — seus0s®BUYF
FoUWLTeNE  MensSHueTengii e 2 flul  HoHeusddemen Wenmuley OQFuigh etery
BHO FOTEEISEhEEH AMAITES BLalgbmBWTEIHE ComGsmeTemiiLdbLD.

2016.05.03. o GI(hEHBLUULL  STOTASHIHNG DW6UTE  BHimeuennsder  ¢h.
344,915/- Qaremas Quuodwner CFHTemehs CUTHLBET DLEBHBISET  FenLUT6T
SBESHMTHIHDG 2 Lu’ B udendiys QeuwiulLer [@emewiy 2)(C)]. QumrmL
Be1 s 0B BHLILF genuueormed vwetu(bs S PIRUWITSH QumrpLsenTs
@emisTewilUL(heten  QUTBLB6T  alemeudUi (hs HenewibsenssTe0  HLIH
Qe  oipeidaey  Seupenpl CQurg  geow  @ehled elMUBMBTET
BLaUgSHmBWTeng CombasmemsmiuLo.

sOOUTIEE 2018 b SWIYMETET UBLTHS SiNEmae HWTfeseorers (Hrisen
LoMHMILD HLOLD QmEUWIFLILE6T) WisHH QauwiwiuL (HeTen gL 6ot HLOLD
QurPOuwiiureig SWTFOFUWOLGHHGIDS. BFQFLMPHDWITEIH 2 _60H6MTaIW
Gamail UFDLUE STFEUITS HTLOGHLOTHUWSI.

Ourg Piouts appPésms . 30/2016 Gne mwans afOUTHT HISTeF
Gargemenwineng BnOsTaTousHGHFW BHLougbmsd GmbaTeateariubLD.

o flu 2 HHCUTHHDHTHEHH G IO (0 F: BlemeuterL L 60 CLPEVLDIT S
PSS ILLBeTengiL et Chremeuwimesr  FIUUbBSHHeoBmen  GoMHOBTETEUSMEGH T
BLaUgSHmBWTeng GombasmersmiuLo.

2. P& enmuley

2.1. Plds QBmeTendH6iT

3. Qewpurl® wenmuley

3.1. (pBTEMLOSHGHIUS (& DDLUIT(HES6NT

(@)

(b)

(©)

(d)

salbuy  GCamemeusensn  @mempluBsaionn 2 flu 2 SHCWTESHTHEHDHG
2 L emguimas SieldaUUL (HeTemgIL 6 G QFwmumrHaer (LPEDDHWITS
SPOUGSSLILGBSGTmeT.

alBupenm QasTLIuTer  alBUpenmd SlWI(HHMeN IBIEHIHH60 WOOHMID  JeneTul
QaFwmur B a6 OaTLTLI60 aGFL 0@ QFVISHHIUBD (S G EFA:
QameTenULL (HeiTeng).

ERP Qasr@dular QswmpurLmerg 2021.05.01 @elhbaH 4T0LSSLLL (HET6TS).
Grry BuissHFHILaT euat Uydessmenuyd OQupmis OC&TaTHSID  LW6TTHEHSE
gBxHemILd dy&dlemenser 6T(LPLOTUTl6T SIS SHHLOTM) 31, BevmFement
QULPEIGSLIL(HSSTMSI.

AsaTenisaTar 2 _flowenw  Bepllusmasrer omi» 2 mIHGWT  DieLeVG
auemguLBom NIFS @Lb Gevemev etaiugiLest  Capdw  efLewoly  slel[m&HS)
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(€)

aFsrrFamuuiemed  1990.06.08 o>  HasHAwSIm @F  Speuewid  THAHTGLD
aupmIsIUL(BeTengl.  &mewll QHTLIUTE el wkisamensd OHTLTuSNEG GHNHS
SLEUEIDT6IG  CUTHIDTETIH  DIVEL  DLMBWITED, BHENEUWITET DY 6LIIIRISHGTHLD
geweiwl  QFwupur(hesEpd  Bleujsd  GEFuwliu@deimer.  2021.03.20 o
HaHuaim HoOLOUDHMD Foud gl LHH0 ReualLwid QHTLFIeL Gsvds
BLoUQHMBMW BomOETeTEHIOTN 610G FLLSSHTNSEG ANamISSULL (HeTeng.

BoeueisHer  Foev  CFTsHgiIssaflagn  QuTmlyLmwenw 2 mIHUUbHESHSI6USH60T
QuTHLB B ueny  UPEISLIULTS  Speusuikisel  QupmisGsmereriiul (heo
O&mengHLLUBILET 2 flul SpeueuIEEaT @uisvomearalen]y CunmisOsTeTemiiuwD.

3.2. sFjFmas@Gflu ufleuydhsemnendsern
QupmisesTeTeniuGHam Bweods GmEST  alHLPHDNHBTE  SWJ  [HT6T
alBpenmuied SPOILSDETRT HL6UYHMBWTeTH GomOsTeremiudbLD.
33. @Uubs ByaurssHdaleien @enmumBEse
Libyevemeoullsvieinen  Hmeuy euenjluss GHTLLESMSF &  Ceusllwenoliughmasmeot
WrsTe  SMyewioTendl AHSTILefoHSIULTS  HIEDIDOYHEMETU|D  6UeDIHSTL LTI
M S LILMMIFH60HEDETUJLD STILSDG SL(E&LD. 9185 Gumev, LOIT 631
GalemLwm(housnats  GaulemLwrhGaury smeuy  euenjlussd CaTLLGHaiem
HIDPHHEMOWTRIH  SIWIHIDS  HTELVEIGBED  SbensulL Ul (heTengl.  srenGeu
GNss BCaTLLSMEU urgisTiugsar GurmLG Queioraraemy almyaurs Geaued
@alener imwdHs GeusmngBGuimuL (heTeng). sTenienwl Seneilh OCFuisl euemFULLD
@eemmgd  SWTHIUSDHETS BID STHHEHHHGHHSTEO, ASDG BHWIL STV
CxmpemeulILL 19 & @HLD.
oaBeu, CaTLLGHMBF FHaiaflhd FOWSHHED JUSDDHLUI 6160MEVWITHS L LLILILL
pm o uly Gouelemw seouaisHD Oamemwi(h, GHMHd Geauslenw DMLLULSGDGHS
STOTENGSIULLGl. SHEVISHBTUIO| DUSTHISHNGEH DIMDUTHS HTawienwl Senailh
OQFuwIuHMHGHLD 6T606M6VEHEM6TT o mIFHOFUIZ OsmeTeumm@ELd allenyeuTewt
BLOUQHMBWITeg GomGsTaTemliuLo.
34. weals euem (WPSTMOSHJHIAILD
semsaTWId  Burgl GemisTeniiul (heTen  eTeuhd  QeumplLEiseaT  LoMMILD
Wenass6em OFHTLTIN FHEISEHMLW SeuaisHmEG brer Oameni(heuy elhwLSGme.
(a)
SIS 2 6HOTEMLOUIT 6T
uged SeLILL L DI | QeupiiLmimeit | ena L
616w T6mT 61 6T & BEIS 6N
LG 6u6ssT
@J,U-FFUJ&-Eﬂ 2 HCWTHHBT - 18 11 07 B
BB i
|
@J?U'IT.UJE@ &.g)ﬁGu_lrr&;g,g,g - 09 07 02 B
QUUBS SligliienL
ussLD 64
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SIBISHIS]

2 GTEMLOUIT60T

uge] SaUuLL PP QeupnLmisaT | 10ens Y
ug 66wt
Nrg uewAlLmeny 01 - 01 -- (i)
@g,ur'ru_l&&ﬂ o _galwrenj - @Uubs 41 39 B B (iii)
SlglILenL
QHTLFUTL6D LoPMID o6& .
o HCWTHHH]T 01 - 01 - (iv)
samevalflar ysHCwes Gaweomeny | 01 -- 01 -- (V)
gnyd 08 05 03 -- (vi)
DIVIEUVS 2 _HNWIT6T 03 02 01 -- (vii)
HIT6VSIT 01 - . _
(viii)

fBreagL 2 _FHal mITeLE] -- 01 -- 01
Uyso Gamidleomiu

. . 2 1 11 11
2 SFHCWTHHB]T 0 3 (ix)
OamheomiI U 2 GHCWTHSHSH]T 14 03 --
(PEBTMOSHS IO 2 FHalwmeny - .
OaTPOHI LD I6V6TS 17 18 01 (x)
HITeVE 2 gelwmeny 01 -- 01 -- (xi)
sLyev — @;sﬁ]ﬂqeﬁ o gelwmeny - | __ 01 . 01 (xii)

RUUBS SlgLILIENL

61T B BISH 61T

(i)

(i)

(iii)

Gxpemeuwimerr  HlEH  gmuTHBaTIETEN  LUMMTHGHMNM  HTJEIILOTHELD
SLU16Fn L Quendlad  eusFdHsemen
UPEIGHUSIeTeNn  FHode0H6T HTFOIOTHMD @6l GeumlLEisen e
Biriyeudled BevL(penm QL FUumhaen sreiiiuhalermet.

9 LISJEWIMBIGHOT  SILIRIGHEVITEOT

sauiaaTule] muiwelam  3(D) &@& eupmislul (Heen
el wsHnGU FBWTHEHHHHHHI.

WLV,

7 BHSHH L BIHEHHHTH SLTTUIFS] o _SHalWIT6NJaHemnen
o efefylILge QummLB yHerliugdifleen ssemeid mwlmieveot
BN EWIULIGHH6MHH6VILD GIeMLDOLITTEISH 61T Ay sflaasiul (hemengiL et
L CFTI BN QLBINIGHH  MUBGLOTM TFTEISSHH T 60
aupmIsIUL (oo SiMeymihHeoHeiled LOTHMLD gnuUlLeajL el  Gsifley
QFwiwinl (peten  elewiewiliugTiaEndE — ChIwasl  uFLenaser
o Legumd  BLISGSUUBL. 2 flu Demewtwsb enll  UHS(IpLD
usHflaemas alembugpd Sewewily 2 & SewLwWreniubHSUUL(H
@sa I et FUlssiu®alermer.
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(iv)

(v)

(vi)

(vii)

(viii)

(ix)

(x)

(xi)

(xii)

OFHTLFUTL6D  mmid o2 & 2 S$HCWTHHBHTH6T  USHMNDBEHEE
usHfleemed alembugmiset euruleons ellewienitiumiseT Gsmylul (h
TS GHleLP6VL] UL eng&ei BLTSSIUL(H elesTesuTLILIG TS b 61T
gmaeaGau Ul welL iUl BeTenery. Sl CaFyliysemen  GenLBimishs)
MEUBGIOTM STFTRIBHHATE0 euPmISLILL (HeTen DAMlemishHe0H6 60

LOTMMLD 6JMLIL_L_61JL_63T Oz fley Qauwiul (Keierm
eleusTesuTLILIG TS (6Th b (& GriI (Ll ufLenaFsei o L elQuInd
BLTSHSLLGBLD.

QeupPLorsayeten  Hemeveuflar  LIFHHCWs GFweomeny UBIGBE
o2 HHOWTHHHT @meusmy L CFFuyF OFwieuset  QuTmL(H
(PBTmWHHIN BCFmeuser  HemewiasMSHLLOHESH  DIBISHTTLD
Camyuul(hetengl (@emevoitiy 01).

FnyHaoer W SE) usHfobens eleMLDUIT I 6T eurulevr s
alewiewiiumiser  Gamyuul(h  GFweopemml  uflengulsd  GCFifley
QWi L uUFL gy &HHHEmdH G Gmi sl uFLenaFsei
BLTSHSUUL (heTenedst  eiduGILe L CaFlysemen  QenLBmishs)
MEUHGLOTM SITFTRIGHHOTE0 euUPmISLILL (HeTen DplemisHe0H6 60

LOTMHMLD JMULL6)L_65T Oz fley QauWiwtuL_(BeTen
elesTevuTLILIG TS (61h 5 (& Gri (WL ufLenaFHei o L eIQUITS
BLTSHSLLIGHLD.

CeupPLLoTEa|6TeN  JivieUevd o Felwmeny uselsE usHflbams
alembugmIEeT euruleons alewtentliumIGeT Gsmylul (HeTeme.

HITeVsT mmid HBredL 2 FHal HITeVH] OCBHTLIUTET SHeTbBTUIR
muiwelem 3(€) &@ eaupmislLL HeTen udeomang Seuall wisHHmEL
WG &&H5HHHH S

semssTwe] muiwelem 3(d) @& Fwjilssiul Geren udHeomeig)
drso  Gamfeomiu 2 sHCwTsssT usalulserer 11 Guevdls
o 5HCWTHSHHTH6T OO  QFTPOBEILL 2 SHHACWTHHDH]TH6T
ugeluleylemern 11 QeumMILmBIH6IT QFHTLFUTRIHD LI
HyBuim&lés s 5o B3

(PBTOWLSHSH 2 _salwmeny - OHTPNRHILUD D6060TH  6uGHHHEG T lw
Guevdlad uFHalHEG (PETHDSHIO BFeneumsen 6w 6mdhd 6N g6
SIBISHTILTeEH QupLUL (HeTeng|.

SEISHfEHHIULL  HITevd 2 Salwmenj useldd Sl Cayly
Cauwiwiu’ (peengiLer  GNds o sHCwrssHsy w.e.f. 24.10.2014
ugseluled usmTIwTmHmISHTT.

seissTWe muiwelem 3(€) &&F gwillésiul Heten udeomeig)
aslyeow — GQgallysy o gelwmenj - @UUBS QULENL UT6VT6T
ugels@GU LFwndsssHHHHHI.
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(b)

(©)

(d)

Ay uewsTlIum ey (SpymuIFS) ugsaluleliemeneuy BImIeueT &Hal6e0
BumOsTeemiiLbHem ST TUIFS B 6Th &) 2 Wik umis 6o eor
BOGUBILGT  QeuelBTL (B SpyTuIFS  relWBISmeT  &6UTeUSHMNEH T
BLaUEmBHWUD ConmOsmerensed Gouewi(hd. e1eBeu, @UILGIWITEISH
o Wy wlLsHeeten opyTuIFs  elehepTal  @euflenmed  MBIFlUlLBHSH6D
Gouewwi(hld 6TABIUFHIL 65T LIeVBMeVBBBL  CUITHAFWT @HeoumeE 2 fhsmet
BsyTer  Fouemomendl  eupmislUBhH  Geuewi(ho. @UugHeals0set
Smssflbsiul (Heren  Fwuen  eneysHLHmeE UACA (2006) @edmba
UAC5 (2006) &@ oidsfliugsnerar SBISSTIHMS  6UDEIGLOTD)
(BTG GHI6N BFemeudeit FHen ew1bH6NMHHM &) BamifldbemaWTeg|
GumOameTteniul(heTengl.  ASHGU  uHeveilldamaulsd,  (PpBTEMDSHHIEN
Gremeumen  Hemewidmenonerg  2017.03.27 o HeHuILLULL oG
aYHHHe  cpeoons  GNHH usalsd UACS gFbuen oeneys SHLGamsLl
HpGundless (pywing 66l IAPWSSHEIeTeNG. Goaib, 2011.04.11 b
HaHuiLiiu L. DMS/E2/62/7/277 @evdsd  SeujsEhmLw  SYHHH6r
(weoonsd  GMHH  usealsd  UAC4A  gibuen oeneys  FHLLGHmsL
WrGurduusDETET  DBISHTILONEIH  UPEISLIUL (heTeng (Remswiliy  05).
ae@ou gl uswillumeny (opymuIFd) ugelbsrer SmISH ST (HeT6rn
Fouem  SeTeYSHLLSHIeTen  (prewiur®  QHTLILI0  (pSTennS S
BFemeum6T HeMIBHENBHIL 6T H6VHSHINTWT(HEUSDEHTET 5L 6L NS WIS
GumOsmeTemiu(LD.

SLTTUIFS 2 _SalWmen e QULDEMLOWIT S RUUBHS SligliuenL_uileo
S CaFyiys  QruiwuiuGdameny. @UUbLE &TeHHT  Lien]  DieufaHer
160G 6UGIL 68T SIFHATLI6BT60T] WEAT Bluwioe S il 6l S BFylys
QauutiuGaeETment. @bblenevenLouiet STJEOILON S, LeOGeum)
o HHOWTHHHTHMET  HNHTEID UDDTEGHMDWTETSH  HleveydaTma.
SITFTHIS REIGHHEHDH G SIMLDEUT S, AeuaienL Geueiasenern
BT UL 6USHM BT 68T [HL_6UIQ & 60 & W6 S BumOsmeremiLbBASTImGI. 7
sMmHHLEB6GT  QuTHLB usSHflbens  alembuymsaie  euruleoms
Y GUBT6NOTLILIMRIGS 61T g a6t Geu Camyliu_BHeermer. S Caruysemen
RmLBMISHSH EN6UD G LOT W] DI FITBIH 6T 60 aupEIBLILL_ (H6TT6r
SMamISHe0EeMed oo goulLeyer  Osfley  QFuiwdiul (Heen
alewieniusTiaEndE ChIupsl UflengFseT 2 Leguirsd BLTSHSUUGLD.
BoeuesHent Sl uemiliumeny  useldster  QeupPliLd  GHTLFLIe0
sembsTuln]  muwelemm  3(0) &@  eupmislul (HeTen  uFeOTeng
OyCunTde®5HHDHH!.

BlneueToTeng JSIMLUW 2 SHCUTHHHTHEHHBTE a1BFL  alBHLpenms
OQxmetensd  @amemers QB Tei(heTengl. @NHs  CaTaTensWTeaISH|
SLEpBIH6T  Femuulemmed  2017.10.07 oeim  @MemoUuBSHSLILLL G
2 HHOWTHHHTHEHEHTO GNHH IHUPHMS OCBTOTNHWTHIH SDHHIL 65T
AmebsUUl(BeTengl (Remewitiy  04). Gupmdflwy oLffl  mrewwGsTy
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4.1.

4.2,

4.3.

IIUTHET  LDBMVBBNBHHD — uewlwmmmld  OsTemGL opymuIsFdF
GFwpurhseafed FHUGBeuBET QuUTHLGB elbwemmsds CaTeTmaulsar LGS
“e” &G oemweursd 2019.08.19 @edmBEH 2020.07.30 euewy (SieuHemLWl 64
LU  LInBSHEID uemy) FouaTSEILeimer alh(wenmenwd Gsm A mmy.
2019.08.19 @edmHB&H  2020.07.18  eusHFWMTEN  (SUHMOLW 64  SpeuG|
UnbasHend  euemgwmer)  SeuhemLw  alBupenm  aflewTeTlILLDT TS
SLEHBIH6T Fenuulal Fnl LHHe0 DRSHFHSULL(HETNHI. LVHENVHBIDD
RUEEIGUWmDUTsD  alhwmnemw  J@ILHSIGD  (PMHDEMLGHE L
@sgwneionerg  CumOsmeteniul L g.  HomGBw  NIFS Qe
aifleyem T ULIT 61T & (6Th & LD GumAflwiy &6 & G LD LI6V& 60605 HLDH
RUERIGPDUIIETEN  FOLUMSHNG HBITen FLOU6MD 6UPRISILHS TSI
Gepid, 2020.07.18 &GU LB  S6uf  alBupemm  QupmssTeaTen
alpwlemed, oeu] GHHs alLwsHear QuTHLB AMWFFALL al6ra]sHe0
Gouswi(bLD 6160 DLEHBIHOT FenLWTENH SHIOTRID BComOSHTEI(HETENS).

BaBBEHF GFuMUTHHEHLD HeOOTLFujb

2_mFwmer L

o flu OQurg  BoeuesiseT sppoiédmauler UFsTyw, 5 eumHL  STeVHIHMES
o _midlwiment S LD RSN ENETS SWTFILILS DT 60T [HL_6)19 & 60 & WIT6UTF|
GupOsTeTeniubBeaugiL e, SHFoLWD  RH  COBTLIEND  (péHSHwsHieubdoHs
paBammionegl  gmul(heTengl.  BHCBTHsSHST  QUIBLB 2wy  Heval,
OHTHeOHIL LI LoMMILD BeuT(HLINGLIL S 61T SIMLDE Flet 2 _salTeig
QupmiIsCsTeTemiUL (HeTengHL e @albeuT euBLIPL OHTLEIGMISDE  (LPEUIsTT
8a BDmPUIUGSSILGENIDS HBILET 2 flw SIiySSETLOIGHS (PeHDUITE
SIBISHT &HH 6Ll QuUMMIEOBT6ITEUSHN BT 6T THL_6UI1Q & 60 & B 61T
GomOa el (HeTere.

2_m@wmer S

2020 o0 yewngelphg 2 flu eumLsHmETer ysHTen (WSICammMF & 1gHemen
© 6iTeummIg QFwuPFHL LGB SWTllugma e R (LDBIGSH6NT
GomOBTETETILL (HETENSHI, DB (LPeVLD BIMleuaTHAHen (LprpenowiTen &GmaGsmenen
SIMHLUI (LPIQULD.

9 GiTeNBs HAIHBTUIC

SIGUBITEIRIS T QL jumen ETILBSSH60Hm 6T slemIayLIBSSHIUSDHES
GMHHIGOBTaTENILL (HETENG).

uss 68
UBLIHS Sfidens 2019 [SOLD]



5D QB SBGD PEDDG
HBMD 0O

®HxDG 20000

& Qo

FONDAMENTAL STADE

Sl & HBMEBEHDHSTN CHIlW Bmieusd
apbsTen 6z

&emig 20000

Bevmlnd

National Institute of Fundamental Studies
Hantana Road

Kandy 20000

Sri Lanka



