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MESSAGE FROM THE DIRECTOR

I have great pleasure in sending this message on the occasion of the 2013 Annual Research Sessions
of the Institute of Fundamental Studies. The progress achieved during the year under review has been
very good and the research carried out at the IFS has made a significant impact on the development of
the country. Basic research leading to useful applications in a variety of scientific fields, notably in
production of environment friendly fertilizer and provision of clean water has made excellent
progress. The research scientists of the IFS have published their findings in reputed international
journals and the Institute has gained wide recognition as a leading research centre. From the years
1985 to 2013, 646 research articles have been published by 100 employees at IFS. Figure I below
illustrates the distribution of publications over the span of 28 years.

A large number of research assistants are now carrying out their scientific research leading to
postgraduate degrees. The number of younger students who work at the IFS has increased
considerably during 2013 and all universities in Sri Lanka have benefitted from our training
programmes. The Science Dissemination Unit (SDU) has had another excellent year and many
school children and teachers have taken part in the SDU programmes in Kandy and outstations.
International collaboration has also been strengthened and the Japanese International Corporation
Agency (JICA) has donated very valuable scientific instruments to the IFS and we thank them most
sincerely for their kind gesture.

[ wish the IFS 2013 Annual Research Sessions all success.

2y ol
[- (B//;jwﬁ//

Prof. C.B. Dissanayake
Director
Institute of Fundamental Studies
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Source - Science Citation Index Database

Compiled by Crisenthiya, 1., Clayton, Sachini Perera, Benjamin, Suresh P. Ecology and Environment
Biology Project IFS, Kandy '
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GENERAL INTRODUCTION

: Prof.'C.B. Dissanayake, Director, IFS

The Institute of Fundamental Studles under the able guidance of HE. the Presrdent Mahinda
Rajapaksa as the Chalrman has during the year under review, achieved significant progress. The
priority projects, - “namely the development of -environment - friendly biofertilizers, provision of
defluoridated and low hardness water to the people of the dry zone affected by the kidney disease of

unknown etlology have yield very good results. The efforts of the Consultative and Collaborative -

Division (CCD) is indeed laudable with the production of biofilmed blofertrhzers (BFBF) and
microbial biofertilizers in particular, yielding excellent results. While the applications are carried out
with other state and private sector organizations, the IFS scientists have been solely responsible for the
basic research carned out. '

The Science Dlssermnatlon Unit (SDU) organized an all island competltlon ‘Understanding the world
through science’ aimed at promoting science concepts among teachers and students to enhance their

inquiring mind towards science. The Hon. Minister was present on this occasron The SDU also .

distributed a tabloid among school children, with 130,000 copies being given free of charge The
. work of the SDU has been highly acclaimed. o

As a leading research institute in the country, collaborative research ‘with universities both local and
_ foreign, state sector research organizations and private companies have been strengthened. The
universities in particular have supported the IFS activities and the IFS in return has trained a large
number of postgraduate students enrolled in the universities for their degrees.

The technical officers of the IFS have been able to conduct training programmes for laboratory

technicians of other organizations such as universities and these workshops have been extremely

successful. Further workshops will be conducted in 2014. There is indeed a dearth of trained

technical officers in the country and the initiative taken by the Institute of Fundamental Studies to
allev1ate this deﬁclency has met with good response from the beneﬁcmnes

As a research institute with good analytical facrhtles the institute has been able to support other

organizations who require good analytical data for their projects. The water analysis carried out by
IFS has been of immense beneﬁt to some institutions who depend heavily on good water quahty data
for then' activities.

I wish to thank the Charrman of the Instltute of Fundamental Studies, H.E. the President Mahinda

Rajapaksa, the Minister of Technology and Research, Hon. Patali Champika Ranawaka and the
Secretary Mrs. Dhara Wijayatilake for their guidance and support rendered.

I also wish to thank the Board of Governors and the Research Council for their senous commltment
towards the progress of the Institute of Fundamental Studies.

o R T e e i -y R
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7.1 ALTERNATIVE AND RENEWABLE ENERGY

7.1.1 BIOFUEL PRODUCTION

Project Leader: Dr. Renuka Ratnayake (Research Fellow)

Improvement of microbial strains and biofilms for ethanol production from cellulosic

- substrates

Biofuels are promising candidates for alternative renewable energy. Lignocellulosic materials from
plants are a rich source of sugars. However, currently their utilization for biofuel production is not
economical due to the need for pre-treatment. The biofuel project aims to explore the microbial
flora of Sri Lanka to isolate efficient degraders of cellulose, hemicellulose and lignin, study the
effect of biofilms and/or co-cultures on degradation and utilize aquatic weeds as substrates.

Soil carbon sequestration and manqgément

Many studies on reducing emissions of:carbon dioxide and other. greenhouse gases have focused to
mitigate the danger of global warming. Because artificial techniques are hard to be implemented
and very expensive, more attention Hhsi_beg"n paid to natural processes. Carbon can be stored for
hundreds to thousands of years in carbon pools through carbon sequestration, the natural way of
absorbing atmospheric COj. Forests, soils, oceans and atmosphere are agents for storage of carbon.
Among them, soil acts s a significant C sink that absorbs more C than the others. The total soil C
pool of 2300 Pg is three times that of the atmospheric pool of 770 Pg and 3.8 times that of the
vegetation -pool of 610 Pg (Sign et al,, 2011). But, much less attention has been given to the
potential for sequestering significant amounts of carbon in the soil as an alternative means of
offsetting the effects of future emissions of greenhouse gases to the atmosphere. Three sub projects
under soil C sequestration and management will be looking at minimizing carbon loss and
maximizing the retention of carbon in soils of different vegetation systems.

Soil Carbon Sequestration in forest and tea plantations

The world® total area of fast growing, industrial forest plantations cover around 54.3 million
hectares and this is increasing annually to supply the growing demand for wood and lumber. Form
these Eucalyptus genus is the most planted hardwood in tropical regions, covering more than 20
million hectares (Forest Stewardship Council, 2012). Even in Sri Lanka Eucalyptus is one of the
highly grown forest plantation species, because of its high growth rate and adaptability to many
environments. Eucalyptus plantations are mainly established in degraded lands in Sri Lanka for the
rehabilitation. Other than that they are grown to obtain sawn timber, transmission poles, railway
sleepers and fuel wood. But currently new value is added to these plantation forests because they
have been identified as fast-response carbon sinks which would support in mitigating the rising
levels of atmospheric carbon dioxide. Many factors are influencing for the process of sequestering
carbon in plantation forest soil. One major parameter could be stand age of the plantation forests
because, many physical and chemical characteristics depend on it. So in this study we expect to
find the effect of age of the plantation forest to its soil carbon sequestration. Since Eucalyptus
grandis is one of the most grown species in plantation forests in Sri Lanka, we are studying the
effect of age on carbon sequestration in E. grandis forest plantation. Simultaneously we are
comparing the forest plantation carbon sequestration with an adjacent patana grass land (Previous
land use of studied sites), Natural forest and a tea estate.

Land use and carbon sequestration in North Sri Lanka

Soil structure is an important property to be evaluated because it mediates many biological and
physical processes in soils. Since it also influences sequestration of C, it is important to maintain a
good soil structure to reduce the environmental impact of agricultural practices. The benefits of
vary among regions, soil taxonomy, soil texture and climatic conditions.
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Therefore, studies on regional level are important. Tropical agriculture is highly diverse. The
potential to sequester C in tropical agricultural environments differs from those in temperate regions.
The objectives of this study is to quantify and compare the available soil nutrients, soil texture and
structural stability under different agricultural land use practices in Northern Sri Lanka and to assess
their eftects on the organic carbon fractions. The result will help to understand the behavior of soils in
the tropics and manage them effectively.

Scientific Expertise:  Professor S.A. Kulasooriya

Project Staff: K. Mohanan, M.M.S.N. Premathileka, Kumari Rajapaksha

Research Group

7.1.1.1 Development of biofilms or co-cultures for ethanol production from
lignocellulosic materials

K.Mohanan, R.R. Ratnayake, S.A. Kulasooriya

Biofuel Research Project, Institute of Fundamental Studies, Kandy

Introduction

Lignocellulosic materials can be used as feedstock for ethanol production through enzymatic
conversion. Reduction of expensive pre-treatment steps is needed to make the process commercially
viable'. To this end, development of more efficient methods of enzymatic conversion will be
essential.

Objectives

The aim of the project is to develop microbial biofilms or co-cultures which can efficiently degrade
lignocellulosic materials and isolate efficient yeast strains for fermentation. The objectives were:

(1) Measuring the cellulase and xylanase activities of enzymes from fungal co-cultures.

(2) Measurement of the degradation of E. crassipes with enzymes from co-cultures.

(3) Isolation of yeast strains for fermentation of sugars.

(4) Isolation of efficient aerobic cellulolytic bacteria to form fungal-bacterial biofilms.

Results

Four strains of Trichoderma sp (F1, F16, F80 and F118), a strain of Penicillium sp (F24) and an
unidentified fungal strain (F113) were selected for co-culture. The fungi were divided into two groups
and co-cultures were made in all possible combinations within each group. The cellulase and
xylanase activities of the mono and co-cultures are shown in the Figures below. The cellulase

B, S e
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activities of the co-cultures were either significantly lower or not significantly different compared
to the corresponding monocultures. The co-cultures F24/F113 and F24/F80/F113 showed
significantly higher xylanase activities compared to the corresponding monocultures (a=0.05)
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The total reducing sugar content and monosaccharides after 4 days of degradation of 200 mg of
powdered E. crassipes with enzymes from selected mono and co-cultures are shown below. The
co-cultures of F118 (Trichoderma sp) showed significantly higher activity compared to F118 alone.
Other co-cultures didn’t show significantly higher activity. The highest amount of total sugar
(19.6 mg) was obtained with the co-culture F113/F118.
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Reference

1. Margeot, A., Hahn-Hagerdal, B., Edlund, M., Slade, R., Monot, F. New improvements for
lignocellulosic ethanol. Curr. Opin. Biotech.,2009, 20, 372 — 380.

7.1.1.2 Biodegradation of kitchen waste by using cellulolytic microorganisms
M. Kasinathar', M. Kathirgamanathanz, R.R. Ratnayake*z, N. Gnanavelrajah1

'Faculty of Agriculture, University of Jaffna, Jaffna, *Biofuel Research Project, Institute of
Fundamental Studies, Kandy

Introduction

Biofuel production from kitchen waste can alleviate the problem of waste disposal and partially
fulfill energy needs. It would involve enzymatic saccharification of polysaccharides followed by
fermentation to produce the desired biofuel. The feasibility of such a process depends on the
efficiency and cost of the enzymes used. The present study was aimed at isolating efficient strains
of cellulose degrading micro-organisms from the environment and studying the effectiveness of
crude enzymes from selected strains.

T
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Objectives

Study the degradation of kitchen waste by crude enzymes extracted from selected strains of fungi and
bacteria

Results

Thirty three fungal strains were isolated and six strains, belonging to the genera Trichoderma,
Aspergillus, Penicillium and an unidentified genus, were selected fordegradation of kitchen waste.
Significant quantities of sugars were released by the degradation of both types of substrates for all
cultures. The highest amount of sugars released after 7 days was observed with two monocultures of
Penicillium sp.(59.6 mg and 55.8mg) and a co-culture of a Penicillium sp. and the unidentified
fungus (58 mg) from fresh kitchen waste (Fig. 01). The enzymatic degradation of kitchen waste
released significantamounts of sugars. Therefore, kitchen waste could possibly be used as a raw
material for biofuel production. Further studiesto quantify the different types of sugars that are
released by the degradation are needed to further assess the feasibility of biofuel production from
kitchen waste.
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Fig. 01: Sugar yield by selected cultures after 7 day incubation

References

1. Ghose, T. Measurement of cellulase activities. Pure and Applied Chemistry, 1987, 59(2),
257-268.

2, Miller, G.L. Use of Dinitrosalicylic acid reagent for determination of reducing sugar.

Analytical Chemistry, 1959, 31 (3),426-428.

7.1.1.3 Variation of microbial community along a chronosequence of age in
Eucalyptus grandis forest plantation

M.M.S.N. Premetilake' , R.R. Ratnayake’, S.A. Kulasooriya’, G.A.D. Perera’

'Uva Wellassa University, Badulla, ’Biofuel Research Project, Institute of Fundamental Studies,
Kandy, ’University of Peradeniya, Peradeniya

Introduction

Forests cover about 31 % of total land area in the world and from it plantation forests is about 1.39 x
10° ha and it is expanding at a higher rate (Global forest resource assessment, 2010). In Sri Lanka 1 %
of'total land area is covered by plantation forests and 20% of that is represented by Eucalyptus

)




plantations (Bandarathilake, 1996). But in Sri Lanka these plantation forests are establish most of
the time in nutrient poor land areas which may leads to poor yields. And also soil under Eucalyptus
plantations is considered to be degraded due to nutrient depletion due to their higher growth rate
and plant diversity reduction. Moreover Eucalyptus commonly produces litter with low nutrient
concentrations which decomposes slowly especially at the early stage of the litter decomposition.
And usually after the initial estate no fertilizer addition was carried out in Sri Lankan plantation
forests. So the soils in these plantation forests have very low amount of nutrients. So the cycling of
those limited nutrients is crucial for a betteryield. The most important component that is
responsible for nutrient cycling is microbial community in the soil. But many factors change
chemical, physical composition of plantation forest soil which affect its microbial community. One
is stand age. The understanding of potential changes in microbial community with age of the
plantation forest is important for the sustainable management and restoration of Eucalyptus
plantation soils. However, the studies on the soil microbial community composition associated with
Eucalyptus are not well documented. So the purpose of this research is to study the variation of
microbial community composition with stand age of the Eucalyptus grandis plantation
forest.Eucalyptus grandis forest plantation sites of four different age groups (Age of 5, 11, 20 and
- 28 yrs.), but with similar geological characteristics were selected. As before afforestation all these
sites were Patana grasslands to compare the results adjacent Patana grass land, a tea estate and a
natural forest in the same area were selected.

Objectives

Study the variation of microbial community composition with stand age of the Eucalyptus grandis
plantation forest. , :

Results

Compared with tea estate, abandon site and natural forest, the Eucalyptus plantation soil had very
low amount of fungi population (Fig.01). From forest plantations, the oldest, 30 years old site had
the highest number of fungi (953 + 122 MPN &), The lowest was recorded in 22 years old site (113
+ 52 MPN g™). And the fungal populations in Eucalyptus plantations were affected by the stand
age (One way, ANOVA:p = 0.000;R*> = 98.44 %). But there were no significant differences
between bacterial populations with in Eucalyptus plantations (p> 0.05) and with other studied sites
as well (p>0.05).Fungi to bacteria population ratios (F: B) for the studied sites are shown in Table
01. All the values are less than 1, indicating all the study sites are bacterial dominant sites. The F:B
ratio was significantly affected by age of the Eucalyptus plantation (One way ANOVA; p <0.05, R?
= 88.95 %) (Table 01).
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Figure 01: Variation fungal popﬁlation between sites
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Table 01: F:B ratios of studied sites

SITE ' F:B

7yr  forest plantation 30x10°£40x10° b
12 yrforest plantation ~~ 34x10*+£22x10° . b
22 yrforest plantation L1x10%*£77x10° b
30 yrforest plantation S 91x10%+1.1x10*  ab
'Tea estate 33x10°+6.0x 10°

Patana grass land _ 34x10%£27x10° a

Natural forest 92x10%+1.0x10* ab
References G _

1. Bandarathilake, HM. Eucalyptus Plantations in Sri Lanka: Environmental, Socral
Economic and Policy Issues. In: Regional expert consultation on eucalyptus. 1996.
2. Forest Stewardship council. Strateglc review on the future of forest plantations. October
- 04.2012.
3. Global forest resource assessment main report Food and agriculture organization of the
United Nations, 2010, 9-12.

7 1.14 Carbon fractions and nutrrent status of soils in Iranamadu irrigation
command area, Kilinochchi

S. Ri\guraj', RR. Ratnayake'z, N.Gnanavelrajah’

'Faculty of Agriculture, Umverszty of Jaffna, Jaffna, 2Bzoﬁ4el Research Project, Institute of
Fundamental Studies, Kandy

Introduction

Kilinochchi district comes under dry zone of Sri Lanka and has a high potential for agriculture
Iranamadhu tank is the largest tank in Kilinochchi which supplies water for the farming activities in
dry season. The total command area of Iranamadhu is 8455 ha. The area has important potential for
paddy cultivation and subsidiary crops such as chilli, onion, groundnut, green gram etc. In the
upland perennial crops include mango, jackfruit, coconut, etc. A declining trend in crop yields has
been reported by farmers in this area. Though Kilinochchi district fall under dryzone, lands under
Iranamadu command area are supplied with irrigation water. Hence, foremost limiting factor for
crop production in this area is probably infertility of soils. To get high yield continuously, nutrients
in the soil should be available at optimum level. Soil organic matter plays a crucial role in the
availability of both macro and micronutrients in soils mainly through the chelating effects.
Therefore, knowledge about carbon provides valuable information in managing agricultural soils.

Objective

Assessment of total carbon and its carbon fractions in comparison with elevation, land use and ‘
depth wise.

Result

Total organic carbon (TOC) significantly varied with elevation (upland and lowland) and depth
wise (0-20 cm and 20-40 cm), and ranged between 0.07 - 1.02 %. Upland soils had higher total
organic carbon than lowland soils (Figure 1). In general top layer (0-20cm) had asignificantly
higher TOC compared with deeper layer (20-40 cm) (Figure 2). Soil fertility level in terms of TOC
ranged between medium to low (0.4 — 0.8%).
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Figure 1: TOC with elevation Figure 2: TOC in different depths

Microbial biomass content ranged from 0.001 to 0.016% and significantly differed with land use
and depth wise. Top layer had higher amount (average — 0.009%) than deeper layer (average —
0.004 %).

0.008 - 0.009 - a
S c
e 0.007 - H $§ 0.008 4
2 0.006 1 3 D007 =
m .
8 0.005 | 2 0.006
8 0.004 - £ 0.005 4 b
£ ‘5 0.004 -
:g 0.003 - = 0.003
2 g'ggi ] S 0.002 -
e $ 0.001 -
— 0 =
S . _ 0 -
cultivated undisturbed 0-20cm 20 -40cm
Land use Depth
Figure 3: MBC in different depths Figure 4: MBC in different land uses

Relationships of oxidizable carbon with other carbon fractions
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Figure 5:Relationships of Permanganate oxidizable carbon with other C fractions

Permanganate oxidizable carbon had higher correlation with total organic carbon and exist
moderate correlation with microbial biomass carbon.
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Table 2: Correlations between carbon fractions

' MBC TOC WSC _
POC  Pearson Correlation 0.484* (.939** -0.101

Sig. (2-tailed) 0.017  0.00 0.637

N 24 . 24 24

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level
(2-tailed). POC — Permanganate Oxidizable Carbon, MBC — Mlcrobla] Biomass Carbon, TOC —
Total Organic carbon

The experiment showed that, carbon sequestration potential was higher in upland aieas of
uncultivated soils compared to lowland soils. The outcome of this study will provides valuable
informatiox_l in managing agricultural soils in Iranamadu irrigation command area.

References

1. Blaker, K.F. The determination of organic carbon in soil using a probe-colorimeter.
Laboratory practice. 1976, 25, 82-83.
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Collaborators

1. Ms. Manori Gunaratne, Sustainability Manager, Finlays Tea Estates Lanka (Pvt) Ltd.
2. Dr. N. Gnanavelrajah, Faculty of Agriculture, University of Jaffna

Human Resource Development

Registered for Ph.D and M.Phil.
1. M.M.S.N. Premathileka registered for Ph.D. at PGIS University of Peradeniya
~ Title: Soil carbon sequestration in forest plantations of Sri Lanka.

2. W.A.D.D. Wasalamuni registered for M.Phil. at PGIS, University of Peradeniya
Title: Potential of soil carbon sequestration inhome gardens of Sri Lanka.

3. K. Mohanan registered for M.Phil., at PGIS, University of Peradeniya
Title: Development of microbial strains and biofilms Jor efficient production of ethanol
Jrom cellulosic materials

Research students (M.Sc., B.Sc.) and Trainees
. K. Mathaniga (B.Sc. Student — University of Jaffna)
S. Raguraj (B.Sc. Student — University of Jaffna)
R.S.N. Kulathunga (B.Sc. Student — Rajarata University of Sri Lanka)
Sachni Amunugama (B.Sc. Student — University of Ruhuna)
Chanaka Perera (Aquinas University College) '
Chaminda Alahakoon (Pre university research student)
Supun Galappaththi (Pre university research student)
Pavithra Madamarandawala (Pre university research student)
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7 1 2 CONDENSED MATTER PHYSICS AND SOLID STATE CHEMISTRY

Prolect Leaders. Prof. M.A.K.L. Dissanayake (Research Professor)
: Dr. GK.R. Senadeera (stztzng Associate Research Professor)

Description of the Projects

During 2013, the research activities of the Condensed Matter Physics were focused on (a)
Efficiency enhancément of dye sensitized solar cells based on polymer gel type electrolytes. and -
nanofibre membrane. electrolytes (b) Development of polymer nanofibre membranes’ for removal
of arsenic (As). from drinking water and (c) Optimization of CdS ﬁlms towards fabncatron of
_efﬁment CdS/CdTe ‘photovoltaic solar cells. Co e TR

Dye sens1t1zed solar cells with PEO: PC: PryN'T" + x KI: I as the gel electrolyte were fabncated
using samples with different weight ratios of KI and Pr,N'I'mixed iodide system and the highest
efﬁcrency was observed for the composition with 75 wt% of KI and 25 wt% of Pr,N'T". This type
of efﬁmency enhancement in dye sensitized solar cells due to the* mlxed cation effect was reported
by our group for the first time and appears to be generally valid for. many DSSC systems.In order to
test the applicability ofelectrospun polymer nanofibre based electrolytes in dye sensitized solar
cells, poly(acrylonitrile) (PAN)-nanofibers with diameters in the range of 800-900 nm soaked in a
11qu1d electrolyte were used as the electrolyte in dye sensitized solar cells and their photovoltaic
 characteristics were compared with the conventional liquid electrolyte and gel electrolyte. It was
observed that DSSC with optimum nanofibremembrane thickness of 9.14 um showed the highest
light-to-electricity conversion efficiency of 5.2%. We have successfully synthes1zed bio-
compatlble polymer nanofibres using the electrospumlng technique 1ncorporat1ng ‘TiO, and Fe,0;
in order to develop a nanofibre medium-to remove-arsenic (As) from drinking water.CdS thin films
‘made by chemical bath deposition technique have been characterized by 'UV-VIS absorption
measurements in order to obtain the optimum band gap as a functlon of film thlckness to be used in
CdS/CdTe solar cells. : :

Research activities of the Solid State Chemistry were focused on (a) s’yht'h'eélé of gel electrolytes
for magnesium rechargeable batteries and sodium battenes and (b). synthesis and characterization
of solid and gel polymer electrolytes for possible apphcatlons in Electrochromlc displays- (smart
windows). S .

Alternatives to the cutrent lithium-ion-based battenes for electnc cars’ and other electncal devices
are at the forefront of the battery research agenda. Manufacturers want to build batteries with
higher capacity and longer -life, and to achieve this, new research efforts must be focused on
developing alternative batteries. One promising battery material is based on Mg anode and MgH
ion conductmg electrolytes. Magnesium is more dense than lithium, it is.safer, and the magnesium
ion carries a two-electron charge, giving it potential as a more-efficient energy source. Magnesium
has a high volumetric capacity, which could mean more battery power in a smaller space. During
2013, our research group has successfully developed novél Mg"™ ion conducting polymer
electrolytes and fabricated novel rechargeable Mg batteries with relatively high capacity.

Electrochromic devices (ECDs) such as displays or smart windows are able to change light
transmission properties in response to an applied voltage and thus allow control over the amount of
light and heat passing through. An ECD comprise of an electrochromic electrode separated by an
electrolyte from a counter electrode. Due to many problems associated with liquid electrolyte based
ECDs, there is a need to develop alternative electrolyte materials for ECDs. During 2013, our
" group has successfully developed a TiO, based ECD (Electrochromlc Smart window) with
Chitosan Gel polymer Electrolyte.

i\
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Collaborators
1. Dr.V.A. Seneviratne, Department of Physics, University of Peradeniya
2. Prof. B.-E. Mellander, Chalmers University of Technology, Gothenburg, Sweden
3. Prof. S. Sivananthan, University of Illinois at Chicago, USA & Sivananthan Laboratories,
Inc. Bolingbrook, IL, USA
Prof. .M. Dharmadasa, Sheffield Hallam University, UK
Prof. Arof Karim, Center for Solid State Science, University of Malaya, Malaysia
Prof. Piyasiri Ekanayake, Faculty of Science, University of Brunei Darussalam
Dr. T.M.W.J. Bandara, Department of Physical Science, Rajarata University
Prof. P. Ravirajan, Department of Physics, University of Jaffna
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Research Assistants

Mr. C.A. Thotawatthage (Research Assistant)

Ms. W.N.S. Rupasinghe (Research Assistant)

Ms. S.L. Jayaratne (Research Assistant)

Ms. H.K.D.W.M.N/R. Divarathne (NRC Research Student)

Mr. PM.P.C Ekanayake (NRC Research Student)

Ms. H.M.N. Sarangika (Prob. Lecturer from Sabaragamuwa University)
Ms. K. Paramanathan (NSF Research Student)
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Members of the Condensed Matter Physics and Solid State Chemistry Research Groups of the
Institute of Fundamental Studies (IFS), Kandy (2013)
(Absent: Ms. W.N.S. Rupasinghe, Ms.S.L. Jayaratne, H K.D.W.M.N.R. Divarathne)
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Research students making TiO, photoanodes (Left) and measuring ionic conductivity of
polymer electrolytes (right)

Research students making Electrochromic Devices (Left) and measuring solar cell I-V
characteristics (right

IFS Nano Team (Left) and electrospun polymer nanofibres used for nanofilters {iight)

7.1.2.1 Efficiency Enhancement by Binary lodide Salts and Nanofiiler Effect in
Polyethylene Oxide (PEO) Based Dye Sensitized Solar Cells

M.A.K.L. Dissanayake'”’, W.N.S. Rupasinghe"’, V.A. Seneviratne’, C.A. Thotawatthage',
G.K.R. Senadeera™

Condensed Matter Physics and Solid State Chemistry Project, Institute of Fundamental Studies,
Kandy, “Department of Physics, University of Peradeniva, Peradeniya, 'Postgraduate Institute of
Science, University of Peradeniva, Peradeniya, "Department of Physics, The Open University of

Sri Lanka, Nugegoda

Efficiency enhancement by binary iodide salts and nanofiller effect in polyethylene oxide (PEO)
based dye sensitized solar cells (DSSCs) have been achieved. Most of the reported DSSCs have
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used only one ionic salt, generally an iodide salt, in the electrolyte which contains either a smaller
or a larger cation. Both cation types have their own advantages. In this work, we have
demonstrated that, in PEO electrolyte based DSSCs, the combined effect of using a smaller cation
such as K" along with a larger cation, such as Pr,N" to provide the iodide ion conductivity enhances
the solar cell efficiency compared to the efficiency obtained when they are used separately.

The incorporation of inorganic nano fillers into the polymer electrolyte increases the solar cell
efficiency. The high crystallinity of PEO leads to a low ionic conductivity which directly give rise
to a low short circuit current density and hence a low efficiency. The incorporation of the inorganic
nano filler, TiO, increases the amorphous phase content in PEO which enhances the ionic
conductivity, short circuit current density and hence the solar cell efficiency.

7.1.2.2 Quasx—Solld State Dye-Sensitized Solar Cells Based on Electrospun
Polyacrylomtrlle (PAN) Nanofibre Membrane Electrolyte -

M.AK.L. Dnssanayake‘ 45 HLK.D.W.M.N.R. Dlvarathnel 5, C.A. Thotawatthage ,
C.B. Dlssanayake G.K.R. Senadeera'’ "y B.M.R. Bandara®

Condensed Matter Physics and Solid State Chemzstry Project, Institute of Fundamental Studies,
Kandy, *Department of Physics, Open University of Sri Lanka, Nugegoda, *Department of
Chemistry, University of Peradeniya, Peradeniya, ‘Department of Physics, University of
Peradeniya, Peradeniya, *Postgraduate Institute of Science, University of Peradeniya, Peradeniya

Dye Sensitized Solar Cells (DSSCs) based on electrospun nanofibre membrane electrolytes offer
several advantages over liquid electrolyte based solar cells. Nanofibre membranes having different
thicknesses were prepared by electrospinning on platinum electrodes from a 11 wt% solution of
polyacrylonitrile (PAN).in N,N-dimethylformamide (DMF) at an applied voltage of 8 kV. The
membranes were then activated by immersing in a solution containing potassium iodide (KI) (0.06
g), propylene carbonate (PC) (0.8 g) and iodine (I,) (0.0092 g) for 30 minutes to obtain membrane
electrolytes with different thicknesses. These nanofibre membrane electrolytes were used to
fabricate quasi-solid state (gel) DSSCs and the performance of these solar cells were compared
with DSSCs fabricated with liquid electrolyte (KI:PC:I;) and conventional PAN based gel
electrolyte (PAN:KI:PC:I;). DSSC with membrane electrolyte of thickness 9.14 um showed the
highest light-to-electricity conversion efficiency of 5.2% whereas an identical cell based on
corresponding liquid electrolyte showed an efficiency of 5.3%. The .open circuit voltage (Voc),
short circuit current density (Js.) and fill factor for thesolar cell based on this electrolyte was 0.67
V, 13.31 mA cm and 59% respect1vely at an incident light intensity of 1000 W m” with a 1.5 AM
ﬁlter .

7.1.2.3 Arsenic Removal from Contaminated Water by TiO; and Fe203
Incorporated Polymer Nanofibre Membrane Media

M.A.K.L. Dissanayakem, C.B. Dissanayake’, P.M.P.C. Ekanayakel’3 , G.K.R. Senadeera'”,
B.M.R. Bandara®, S.R. Weerasooriya*

! Condensed Matter Physics and Solid State Chemistry Prqject, Institute of Fundamental Studies,

Kandy,” Department of Chemlstry University of Peradeniya, Postgraduate Institute of Science,

University of Peradeniya,® Faculty of Agriculture, University of Peradeniya,’ Open University of
- Sri Lanka, Polgolla Campus, Polgolla

Unique physical properties of polymer nanofibres make them promising candidates for filter media
in air and water filtration. Polymer nanofibres can be produced by electrospinning with a diameter
of 20-1000 nm. They have very high specific surface area, small diameter and large porosity.




Polymer -nanofibré- membranes prepared by e]ectrospmmng techmque mcorporatmg T102 (P25)
and y-Fe,0;' (Slgma-Aldnch) has been used successfully to remove arsenic (As [[I/As V) from
water. Nanofibre membranes were ‘soaked in arsenic solution (concentratlon 25 ppb) for known
time durations“and the remaining ‘arsenic concentrations were measured using Atomic Absorption
Spectroscopy (AAS) A significant reduction in arsenic concentration was observed due to
theexcellent photocatalytlc ox1dat10n property of T102 and high adsorption capacity and magnetic .
.property of y—FeZO; O '

7. 1 2, 4 Optlcal Propertles of Cds Fllm Grown on FTO Substrate by CBD Method
K Paramanathan"" M. A K.L Dlssanayakel ’G. K.R. Senadeera
P C A Thotawatthage P Ravnrajan '
Condensed Matter Physzcs and Solzd State Chemlstry Project, Institute of Fi undamental Studies,
Kandy, Postgraduate Institute of Science, University of Peradeniya, Peradeniya,’ Department of
Physzcs the Open Umvers:ty of Sri Lanka Polgolla Campus, *Department of Physics, University of
e i e oo -, Jafina, Jafina

Thin' ﬁlir‘l“CdS/Cd_'I’e“s‘dla‘r ¢ells have emerged as a cost effective and high efficiency alternative to
_ expensive silicon solar cells. Optimizing the growth process of CdS films is important in order to
- further enhance the efficiency of these solar cells: Out of several different methods available for
preparing CdS thin films, chemical bath deposition (CBD) technique appears to be the most widely
used method due ‘its simplicity, low cost, reproducibility and the possibility of scaling up for
commercml production. The aim of this work is to study the optical properties of CdS thin films
prepared by CBD method under different deposition times. Transparent, homogenous cadmium
sulfide (CdS) thin films were deposited by chemical bath deposition (CBD) technique on Florine
~ doped Tin Oxide (FTO) substrates by varying the deposition time from 10 to 60 minutes in a bath .
_ containing cadmium chloride, ammonium chloride, ammonium hydroxide and thiourea and the
bath temperature was maintained at 65 °C. With that, 60 minutes deposited CdS thin films were
~ annealed under N, gas with 100 and 200 °C. The effect of the film thickness on optical absorbance
was studied by measuring the absorbance from 190 nm to 1100 nm using a UV VIS- 2450 -
~ (SHIMADZU) spectrophotometer. From the optical absorption, the energy band gap values of CdS
- thin films were determine to be 2.47, 2.44, 2.41, 2.35, 2.31 and 2.27 eV for the deposition times of
10 to 60 minutes. With increasing thickness (deposition time) of the CdS films, the opt1cal energy
band gap values of CdS thin films were decreased. This could be due to the increase in particle size
with increase in the deposition time and the increases of density of localized state in the conduction
~ band. Higher annealing temperatures cause a reduction in optical band gap energy values for CdS
thin films. During the annealing process, atoms rearrange to more energetically favourable
positions in the valence band. This way, the photo-current can be increased due to the longer mean
free path of electrons, so that less energy is sufficient for an electron to jump to the conduction
band.




In the past few years there has been an' mcreasmg interest on research and- development of solid "
;layer on' lithiurn. anode; hrgh react1v1ty ‘of lithium-metal, limited avarlablhty as a2’ raw. matenal etc.;
' scientists. have realized. that: magnesium _ batteries. would be ‘one of
‘batteries. In this context, it is’ ‘worthy to mentlon ‘that: magnesmm is’ much more stable and less;§
reactive than lithium. towards the moisture and air. In addition, most of the these Li batteries, either
Jong:term. avallabrhty and: the- ‘preparation cost of these materials: Therefore, ‘by. consrdermg both
,cathode martial in magnesmm batteries . fabricated with Mg'* ion conductmg, quasi solid (gel)‘.;

quasi solid polymeric:. electrolyte “having high' Mg™ion. conductrwty with appreciably goodfgi;

using appropnate amount of PEO, Magnesmm Tnﬂuoromethanesulfonate Mg(CF;SO;)z,f?

’electrolyte estrmated by the complex impedance measurements:was-in _e;._erder of 2. 52x10 S/cma;;
at.room- temperature ¢ ‘ A
(36.6-

‘opern¢ circuit voltage with: reasonably good cycling capacity.. -

7.1.2.5 Use of Carbon Embedded TiO; as Cathode Material In Rechargeable Mg
Batteries Wrth PEO Based Gel Electrolyte

H.N.M. Sarangika">*, W.A.R.B. Weerasekera GKR. Senadeera™*
M.AK.L. Dlssanayake 145 C.A. Thotawatthage V. A Senevrratne

! Condensed Matter Physics and Solid State Chemistry Project, Institute of Fundamental Studies,
Kanajz Department of Physics, Faculty of Applied Sciences, Sabaragamuwa University of Sri
Lanka,’ Department of Physics, Open University of Sri Lanka, Nugegoda.* Department of Physics,
University of Peradeniya, Peradeniya, Postgraduate Institute of Science, University of Peradeniya,
Peradeniya

state pOlymerrc lithium' battenes However, due. to-some problems such as the growth ofa passwe,_.,,

of the best- alternatives to- Ll:}:

employ MnOz based or: V205 ‘based cathodes due to-their supenor performances but neglectmg thef}?
these factors, in this study we have explored the possrbllmes ‘of using of low:cost TiO; as the..
polymenc electrolyte based on polyethylene oxide: (PEO) asthe host-matrix. In order to obtain

mechamcal _properties, various composmons -of- PEO based polymer electrolytes were prepared

Ethylene Carbonate (EC) and Propylene Carbonate (PO). Electrochemlcal stability of the’
electrolyte was characterized by Cyclic Voltammetry (CV) The_‘fbest ionic: conductivity of the

fot the.composition of 'PEQ"(12.20:w S PC
%). The. ionic:co duct1v1ty of this: electrolyt mposmon increased’ w1th the mperaturef,_
following:the  usual Arthenius behavror and.showed a value-of 3. 44x1 ,3}‘,'S/cm at 60-°C. Batteries:
with cell’ conﬁguratlon Mg/PEO EC:PC:/TiO,-C were fabricated, by varying the amount of' carbon:/
in the cathode until-it gives the best battery performance with thhest open. circuit voltage and the
short circuit current density. - This cell -exhibited: a dlscharge capac1 y:of i :

7.1.2.6 Novel Quasi Solid State Electrochromic Smart Windows Based on TiO;
And SnO; Electrodes With PMMA Gel Electrolyte

H.N.M. Sarangika"“, G.K.R. Senadeé¢ra’, C. A. Thotawatthage', M.A.K.L.Dissanayake"z

!Condensed Matter Physzcs and Solzd State Chemistry Project, Institute of Fundamental Studies,
Kandy, *Postgraduate Institute of Science, University of Peradeniya, Perademya ’Department of
Physical Sciences and Technology, Sabaragamuwa University of Sri Lanka, ‘Department of
Physics, The Open University of Sri Lanka

In recent past electrochromic devices have attracted much attention due to their potential practical
applications in everyday life with low cost power consumptions. However almost all the reported
studies on these devices were concentrated with the devices comprising with expensive WO; as the
active material and CeO, as the counter electrode. Further, preparation techniques of these
materials are also not very much straight forward for lots of application.




’ Therefore in thrs study we have explored the possrblhty of using T102 as the electrochromrc

material and at the same time to replace the expensive CeO, with SnO, in these devices by
fabrrcatmg stable and efficient electrochromic devices. The devices with the dimensions, 2.1x1.4

cm’ comprising the configuration (FTO) glass/T iOy/polymer electrolyte / SnO, were assembled and -

their properties tested. The polymeric quasi solid stateelecu'olyte employed was based on Poly
(methyl methacrylate) (PMMA) electrolyte containing Li* ions. Structural, electrochemical and
optical properties of the electrolyte and ECDs were characterized by X-ray diffraction (XRD)
analysis, cychc voltammetry (CV), ultraviolet-visible spectrophotometry The structure of the
electrolyte is X-ray amorphous. Its ionic conductivity was in the order of 1.5x10* S/cm with
lithium concentration of 0.5 g/7.5 ml. This value increased with the temperature and followed the
Arrhenius law with an activation energy of 49.5 kJ/mol. Prepared ECDs showed reversible dark

blue coloration and long term stability with more than 1000 switching cycles. The device changed . |

its transmission. between 64% (bleached state) and 0.26% (colored state) at 600 nm. The
preliminary studies on the stability of the devices have been tested by cycling them between the
colored and bleached states at potentials between +4.0V and -0.25 V (90 s), respectively, and after
the potential stepping of 1000 times, no loss on the transmlttance response was observed.

Human Resource Development

Ph.D, M.Phil., M.Sc. students, undergraduate students tramed during 2013 with their
afﬁhatlons, completed and passed out during 2013

Postgraduate students trained/supervised by Prof. M.A.K.L. Dissanayake and Dr. G.K.R.
. Senadeera during 2013:

L. Ms.- W.N.S. Rupasinghe, Research Assistant, registered for M.Phil., PGIS, University of
Peradeniya, (thesis submitted in November 2013).
Thesis Title: Synthesis, characterization and applications of polyethylene oxide (PEQ)
based nano-composite polymer electrolytes and their applzcatzons in dye-sensitized solar
cells and other devices.

2. ‘Ms. S.L. Jayaratne, Research Assistant, registered for M. Ph11 PGIS, University of

‘Peradeniya, (thésis under preparation).
Title: Efficiency Enhancement in Dye — Sensitized Solar Cells wzth blend polymer-
electrolytes
3. Ms. HK.D.W.M.N/R. Divarathne, (NRC Research Student, reglstered for M.Phil., PGIS,

E University of Peradeniya, (thesis under preparation).
Title: Dye sensitized solar cells with polymer nanofibre based electrolytes and Ti 102
nanofiber based photoanode.

4, Mr. P.M.P.C Ekanayake, (NRC Research Student, registered for M.Phil., PGIS, Umversny
of Peradeniya, (training continued).
Title: Synthesis of polymer nanofibers and design and testing of a ponmer nanofiber,
antimicrobial water filter.

5. Ms. Ms. HM.N. Sarangika (Probatlonary Lecturer, Sabaragamuwa University, registered
for M.Phil., PGIS, University of Peradeniya, (training continued).
Title: Development of novel quasi solid (gel) polymer electrolytes and their applications in
electrochemical power sources.

6. Ms. WJIMJ.SR. Jayasundara (Rajarata University, M.Phil., (completed), PGIS, University

of Peradeniya)
Title: Effect of cations on the performance of dye sensitized solar cells using

polyacrylonitrile based plasticized polymer electrolytes containing quaternary Ammonium
zodzdes
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Cmdr. C.IF. Attanayake, registered for PhD, Moratuwa University of Sri Lanka , (training
continued). v

Title: Design and Development of Dye — Sensitized Organic Semiconductor Based Photo
Electric System Utilizing Nanotechnology For Low Cost And Efficient Conversion Of Solar
Energy To Electricity.

Mr. T.R.C.K. Wijayaratna, registered for M.Phil., Open University of Sri Lanka (former
Research Assistant at IFS, Kandy, (thesis completed).

Title: Metal nanoparticle impregnable semiconductor nanostructures: Plasmon effects and
applications in solar cells.

Ms. K. Paramananthan (NSF Research Student ) registered for M.Phil., PGIS, University of
Peradeniya, training continued.

Title: Optimization of the growth process of cadmium sulfide (CdS) semiconductor thin
films for efficiency enhancement in CdS/CdTe solar cells

Mr. R.I1.C. Niroshan Karunaratne, registered for M.Sc. (Physics of Materials), PGIS,
University of Peradeniya, completed his research project on sodium ion batteries at the IFS
during 2013.

Title: Synthesis and Characterization of Sodium ion Rechargeable Energy Storage
Batteries based on Na,Ti;0; as Anode with respect to Nag gsLi 17Nig 21Mny 6,0 and
NaMn,0; are Cathode materials.

Undergraduate students trained during 2013

1.

2.

Mr. W.A.R.B. Weerasekera (From OUSL, completed his undergraduate research project,
June-December 2013)

Mr. M.R.M.E.M. Ratnayake, (From RUSL, completed his undergraduate project, January-
June 2013)

Mr. Y.M.C.D. Jayathilaka (From Wayamba University, completed a part of his research for
the M.Phil. degree, 2013)

Ms. Mahisha Amarasinghe (From University of Peradeniya completed her undergraduate
research project) '
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7.1.3 GEOTHERMAL ENERGY
Project Leader: Dr. N.D. Subasinghe (Senior Research Fellow)

Geothermal Resource Mapping in Sri Lanka

Despite its location in a shield zone, away from the major plate boundaries where high enthalpy
geothermal activities occur, Sri Lanka is gifted with a number of thermal springs, scattered loosely
along a belt running from south to east coast. This belt loosely follows the Highland-Vijayan
lithological boundary. While some of these thermal springs are well known. others are known only to
a small number of people outside the local area. Despite some attempts to characterise few individual
thermal springs, no complete information on the geothermal resources of Sri Lanka is available.
Geothermal resource mapping project was started with an aim to identify. map and characterise the
geothermal resources in Sri Lanka.

Geophysical investigations using State-of the-art geophysical instruments were conducted at the
early stages of the project. Magneto-telluric (MT) and TEM were the main geophysical techniques
employed to collect data. Processing, inversion and interpretation of the geophysical data are
continuing. In the mean time, geochemical and geological investigations are also conducted.
Eventually, it is expected to produce a detailed map with information on geothermal resources in Sri
Lanka. Further, the outcome of this project will help to understand the relationship between the
Highland-Vijayan lithological boundary and the distribution of the thermal springs.

Some of the thermal springs indicate that they are originated from large depths. These springs may
contain radon gas, which is usually released by the rocks in the deep earth. Radon levels in the spring
waters give an indication of their origin and the depth. Therefore, as a part of the geothermal project,
radon mapping project was also started with the collaboration of Atomic Energy Authority. National
Institute for Radiological Sciences (NIRS) in Japan, Tokyo University and International Atomic
Energy Authority provided training and passive radon detectors for this project. First batch of 50
radon detectors were installed, exposed and collected. Results indicated that Sri Lanka has relatively
high amount of thorium in the soil and minerals. In addition to studying the geological aspects, radon
monitoring program will help to establish the baseline for our natural radiation levels and to find out
areas with hazardously high radon levels.

From Left to Right

T.B. Nimalsiri Geothermal Project, M.Phil. Research Student

N.B. Suriyaarachchi Geothermal Project, M.Phil. Research Student

A. Tennakoon N.S.F. Technical Assistant

N.D. Subasinghe Project Leader

D.R. Charles NSF Research Assistant, M.Phil. student

S. Opatha Senior Staff Technical Officer

B. Jayatilake Environmental Engineering, M.Phil. Research Assistant
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7.1.3.1 Study of the Near-Surface Resistivity Structure in Padiyathlawa Area Using
Transient Electromagnetic Method

N.B. Suriyaarachchi, T.B. Nimalsisri, N.D. Subasinghe

Institute of Fundamental Studies, Kandy
Introduction

Sri Lanka has several hot water springs that are distributed around the Highland-Vijayan lithological
boundary. The thermal spring belt along this boundary implies some heat source beneath.In 2010, a
comprehensive geophysical survey was conducted around the thermal springs in Sri Lanka,
employing Magnetotelluric (MT) and Transient Electromagnetic (TEM) methods. Processing and
interpretation of theTEM data collected from Padiyathalawa area are presented here.

Objectives
1. Gather detailed information on the nature of the thermal springs and geothermal resources in
Sri Lanka.

2. Understanding the origin of the thermal springs and their relationship to the Highland-
Vijayan lithological boundary

Results

Following figures show the apparent resistivity profiles of areas around the hot springs in
Padiyathalawa. PADIYATHALAVA

-100

-150

i l

Fig. 1.Cross-section showing resistivity inhot ~ Fig. 2. Isoresistivity maps of the areaup to
spring area 100mb.s.1,

Figure 1 shows a cross section down to 150m depth below sea level (b.s.1.) with a horizontal profile
spreading over the 7 km in Padiyathalawa hot spring area. Figure 2 shows isoresistivity maps for the
depths 30m above sea level, 0 m (sea level), 30m b.s.l, 50m b.s.l., 75Sm b.s.l. and 100m b.s.1. in the
same arca.
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7.1.3.1 Study of the Near-Surface Resistivity Structure in Padiyathlawa Area Using
Transient Electromagnetic Method

N.B. Suriyaarachchi, T.B. Nimalsisri, N.D. Subasinghe

Institute of Fundamental Studies, Kandy

Introduction

Sri Lanka has several hot water springs that are distributed around the Highland-Vijayan lithological
boundary. The thermal spring belt along this boundary implies some heat source beneath.In 2010, a
comprehensive geophysical survey was conducted around the thermal springs in Sri Lanka,
employing Magnetotelluric (MT) and Transient Electromagnetic (TEM) methods. Processing and
interpretation of theTEM data collected from Padiyathalawa area are presented here.

Objectives
1. Gather detailed information on the nature of the thermal springs and geothermal resources in
Sri Lanka.

2. Understanding the origin of the thermal springs and their relationship to the Highland-
Vijayan lithological boundary

Results

Following figures show the apparent resistivity profiles of areas around the hot springs in
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Figure 1 shows a cross section down to 150m depth below sea level (b.s.1.) with a horizontal profile
spreading over the 7 km in Padivathalawa hot spring area. Figure 2 shows isoresistivity maps for the
depths 30m above sea level, 0 m (sea level), 30m b.s.l, 50m b.s.l., 75Sm b.s.l. and 100m b.s.1. in the
same area.
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7.1.4 NANOTECHNOLOGY AND PHYSICS OF MATERIALS

Project Leader: Dr. HLW.M A C. Wijayasinghe (Research Fellow)

Description of the Project

Nanotechnology and Physics of Materials are two of the most progressive branches in the
Materials Science and Technology field, which can play a pivotal role in improving economic
performance and the quality of life. Nanotechnology, which is considered as a key technology for
the future, has already been able to create many new materials and devices for a vast range of
applications. ' ’

Sri Lanka is well known for processing a variety of economically useful minerals, which are
mainly being exported as cheap raw materials but contributing in a major way to the global
materials based industry. Proper value addition to our economically useful local materials has
almost been lacking, due to dearth of local research on our materials base. However, the recently
endorsed National Nanotechnology Initiative facilitates scientists to investigate into applications
in nanotechnology with a view to add value to practically every aspects of our exports and thereby
achieving technological progress and competitiveness.

By considering these factors, our project mainly investigates the value addition strategies to Sri
Lankan minerals and related materials, to upgrade them for nano-technological and high-tech
industrial applications. Apart from that, this project involves with developing low-cost and
performance enhanced advanced materials for energy conversion using low-cost synthesis
techniques and value addition to Sri Lankan minerals. The Nanotechnology and Physics of
Materials Project at the IFS commenced its work in January 2013 and conducts under the
following two areas; :

Upgrading Sri Lankan graphite for nano-technological and high-tech industrial applications

Global consumption of natural graphite is presently growing over 5% per year, mainly due to
novel green and nano-technological initiatives. Sri Lanka is the only commercial producer of vein
(lump) graphite grade, which is the rarest and most valuable form of graphite. Many specialized
markets command premium prices for natural graphite but require upgrading through purification
and further modification. By considering this, exploration of upgrading processes for Sri Lankan
graphite is carried out via introducing advanced but low-cost purification and surface modification
techniques. The investigations are further extended for developing the upgraded graphite for
intended nano technological and high-tech industrial applications such as in graphene production,
carbon nano tubes, rechargeable batteries ...etc.

Development of low-cost and performance enhanced materials for rechargeable batteries

With the recent introduction of portable electrical/electronic items and specially the electric
vehicles, the demand for the portable energy cannot be met with the present conventional
batteries. This is being addressed with the introduction of novel rechargeable batteries. However,
their materials related problems and the expensiveness of the electrode materials are preventing
the reach of this versatile portable power sources to the common mass. By considering this
problem, development of low-cost and property enhanced advanced materials for rechargeable
and primary batteries (Li-ion, Mg-ion, Na-ion and Ag-ion batteries), using novel nano-material
synthesis techniques is carried out under this project.Furtherinvestigations will be performed for
component fabrication and devising these power sources using the material components developed
in Sri Lanka. :




Collaborators
1. Dr. N.W.B. Balasooriya, Senior Lecturer / Department of Physical Sciences, Faculty of
Applied Sciences, South Eastern University

Senior Staff Technical officer: Mr. W. G. Jayasekera

7.14.1 Development of L1(N11,3Mn1,3C01/3., M,)O; electrodes for the Li-ion
rechargeable battery

N. B. Weerakoon’, D. B. Senarathna’, B. P. Nilanchani’, N. G. Amaraweera®,
PB Samarasmghe W G. Jayasekara®, A. Wijayasinghe’, M.AK.L. Dissanayake®

'Department of Natural Science, Open University of Sri Lanka Nugegoda, *Department of

Science and Technology, Uva-Wellassa University, Badulla, *Nanotechnology/Physics of
Materials Project, Institute of Fundamental Studies, Kandy ,*Center for Materials Science
and Nano Technology, University of Oslo, Norway

Introduction

Li[Ni;sMn,;3Co0,5]O, is presently being commercialized as the cathode material for fechargeable
Li-ion batteries (LIB). However, contained with very expensive cobalt, this cathode material is
limited to consumer electronics and still too costly for vehicular applications.

Objectives

The objective of this study was to reduce the material cost of LIB cathode by fully or partially
substituting expensive Co with other cheaper elements. It was carried out by developing less
expensive but performance enhanced cathode materials for the LIB based on the system, L1(N1”3

MnmCom_xMx)Oz,M =Fe, Al, Cu, Mg, Ba and x =0 to 0.33. The material synthesis was done by

Pechini and Glycine Nitrate combustion techniques, followed by phase and electrical
characterizations. The fabricated electrodes were cell tested with Li/LiPF¢/ Li(NimMnmCom_x

Mx)O2 coin cells cycling between 3.0 -4.5 V.

Results

X-ray diffractometry phase analysis revealed the formation of solid solutions of appropriate layered
R3m structure in the prepared compositions up to x = 0.11, except with Mg. Further, most of these
prepared materials showed considerably hlgher electrical conductivity than the base material
Li(Ni Co Mn )O (where it was 0.9 x10° S/cm). In the cell studies, the Fe substituted

13 1/3
composmon with x = 0.11, showed a specific capacity of 122 mAhg , which is better than the

expensive state of the art cathode material of LIB. Hence this study revealed the possibility of

preparing cheaper cathode materials suitable for LIBs.
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7.1.4.2 Upgrading Sri Lankan graphite for nonotechnological and high-tech industrial
applications

N.C. Manthnrathna C.N. Wewegedara N.G. Amaraweera® Z,W G Jayasekara s
N. Balasooriya®, A. Wijayasinghe’, M.A.K.L. Dissanayake’

' Department of Science and Technology, Uva-Wellassa University, Badulla
,’Nanotechnology/Physics of Materials Project, Institute of Fundamental Studies, Kandy,
*Department of Physical Sciences, South Eastern University, Sammanthurei

Introduction

Natural graphite has been identified as a cost effective source for a number of advanced nano-
technological and high-tech industrial applications, such as for lithium-ion batteries, fuel cells,
solar cells, semi conductors, nuclear reactors, graphene and carbon nano-tube production..etc.
Although Sri Lankan natural vein graphite is renowned for its purity and crystallinity, it requires

- upgrading through purification and further modification for these applications.

Objectives

Our present research work on Sri Lankan graphite is based on purification and surface modification
of different morphological varieties of local graphite suitable for intended nano-technological and
high-tech industrial applications. The purity enhancement is carried out via mtroducmg low-cost
and efficient physical and chemical purification techniques, such as acid leaching and alkali
roasting. The development of purified graphite for the intended applications is performed via
surface modification by thermal oxidation, chemical ox1dat10n alkali coating, forming graphite-

-metal composites, ... etc.

Results

Sri Lankan vein graphite can be effectively purified by treating with mineral acids with low
concentrations at low temperature (eg: 5-20 vol.% HCI solutions at 60 °C). Accordingly, graphite
with 95.0 to 99.8 % of initial carbon content could be upgraded into 97.5 to 99.99 % of carbon,
respectively. Chemical oxidation is reported be more effective than the thermal oxidation, in
modifying the purified graphite surface. It further indicated the possibility of preparing composite
silver-graphite and alkali coated graphite without diminishing the electrical property of purified
graphite.
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' 7 1 4 3 lnvestlgatlon on transltlon metal ox1de cathode materlals for novel
rechargeable battenes

'R.Y. Wickramarathne', H. R. Padmasiri!, W. G. Jayasekara?, A. Wijayasinghez

!Department of Sc1ence and Technology, Uva-Wellassa Umverszty BaduIIa
’Nanotechnology/Physics of Materials Project, Institute of Fundamental Studies, Kandy

Introduction

- Mg-ion and Na-ion secondary batteries, which utilize mostly abundant magnesium and sodium, are
expected to be cheaper alternatives for rechargeable batteries. Improvement of these novel
rechargeable batteries is mainly based on development of electrode materials leadmg to higher
energy densities. - e

, Objectlves

| Synthesis and characterization of low-cost and property enhanced cathode materials based on
M;Mn, O, M = Mg, Naand x =0 - 1, systems for Mg-ion and Na-ion rechargeable batteries.

Results _ : : .
These materials were synthesized by Glycine Nitrate Combustion (GNC) technique and
characterized for the electrical conductivity. Most of the prepared materials showed higher room
temperature electrical conductivity than the MnObase material (3.3 x 10 S/cm) Among them, the

Nag2sMng 750 composition reported the highest conductivity of 3.6 x 10 S/cm. Hence thls study
revealed the potentiality of M,;Mn,.,O, M = Mg, Na for the intended applications. '
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7 14.4 Development of a low-cost and multlfunctlonal household water purlfier :

‘G.D.K. Heshan’, W. G. Jayasekara G. Amaraweera'?, A. Wijayasinghe®

' Department of Science and T echnology, Uva- Wellassa University, Badulla
*Nanotechnology/Physics of Materials Project, Institute of Fundamental Studies, Kandy

Introduction

Sri Lanka is already facing challenges in terms of providing clean and safe drinking water. Point-
of-use water treatment techniques such as household water filters offer an affordable and effective
means of treating water suitable for drinking. Sri Lanka is well known for possessing a variety of
minerals and related materials suitable for water purification. However, for very effective water
purification, the related properties of these materials should be enhanced through morphological
changes or material treatments. o

Objectives

Design and construction of an advanced but low-cost multifunctional water purifier for Sri Lankan
household use, using developed local minerals and related materials. This project addresses two .
areas of research and developments first upgrading of Sri Lankan minerals and related materials
for water purification using modern materials processing techniques, and secondly i 1mprovmg the
quality of drmkmg water for Sri Lankan household use.
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Results

Initial investigations show the ability of processing our cheaper local minerals and related materials
(kaolinite, bentonite, garnet, quarts, clay bricks, wood charcoal, activated carbon ... etc.) for
effective water purification. A working model of the purifier has been constructed and successfully
demonstrated. Investigations on the effectiveness of the purifier with different water sources and
further modification of the purifier for different usages are being carried out.

References

1. Schuler, P.F., Ghosh, M.M., and Gopalan, P. Water Resources, 1991, 25(8), 995.
2. Hubbe, M., Hasan, H., and Ducoste, J. Bioresources, 2011, 6(2), 2161.

Human Resource Development
Registered for Ph. D.

1. T.H.N.G. Amaraweera (HETC scholarship holder, Uva-Wellassa University), PGIS, University
of Peradeniya.
Tentative thesis title Development of Sri Lankan Minerals and Low Cost Synthesized Materials
Jor Lithium-ion Rechargeable batteries

Undergraduate trainees
1. A.B. D. B. Senarathna, Natural Science, Open University of Sri Lanka
2. N. B. Weerakoon, Natural Science, Open University of Sri Lanka
3. B.P. Nilanchani, Materials Science & Technology, Uva-Wellassa University
4. R.Y. Wickramarathne, Materials Science & Technology, Uva-Wellassa University
5. D. H. R. Padmasiri, Materials Science & Technology, Uva-Wellassa University
6. N. C. Manthrirathna, Materials Science & Technology, Uva-Wellassa University
7. C. N. Wewegedara, Minetal Resources & Technology, Uva-Wellassa University
8. Y. V. Madushanka, Mineral Resources & Technology, Uva-Wellassa University
9. G.D.K. Heshan, Materials Science & Technology, Uva-Wellassa University
'10.A. Dissanayake, Applied Saence Umversny of Perademya A




IFS Annual Research Sessions 2013

s R e i e

7.1.5 PHOTOCHEMISTRY
Project Leader: Prof. J. Bandara (Research Professor)

Harnessing Solar Energy by Artificial Photosynthesis as an Alternative Energy
Description of the Project

Our dependence on oil and electricity consumption makes energy a key factor in our society. Fossil fuel
which is our main energy resource is depleting at a rapid rate making the future energy crisis prominent
and will result in sky-rocketingenergy prices. We therefore need to urgently find ways to produce
energy using renewable energy sources. Out of the possible alternative energy sources, solar energy is
found to be one of the prime targets to achieve the global energy requirements. Solar-drivenproduction
of environmentally clean electricity, hydrogen and other fuels is considered as the only sustainable
solution for global energy needs.

Solar energy can be converted into electricity and chemical energy by mimicking the natural
photosynthesis as shown in schematically in Figure 1. The Photochemistry group at the IFS is
actively involved in investigating theconversion of solar energy into useful energy resources by
artificial photosynthesis.

Photosynthesis Semiconductor/ Liquid Photovoltaic
junctions

Figure 1

The Photochemistry group at the IFS conducts research on the conversion of solar energy into
electricity, fuel and removal of water pollutants. The research work of the Photochemistry Group is
divided into three major projects;

(1) Extending and adapting current photovoltaic technology mainly dye-sensitized, Q-dot sensitized
solar cells as well as meso-superstructured solar cells and polymer solar cells to generate electricity
directly fromsolar radiation.

(2) Constructing 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.

(3) Chemical, Electrochemical and Photochemical methods for the purification of water and air.
In addition to these major projects, the Photochemistry Group commenced research work in 2011 on
Chronic Kidney Disease of unknown etiology.
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D. Aluthpatabedi Water purification techniques (senior staff technical officer)
A. Manjceevan DSSC based on Q-dot (Research Assistant)

R. Rajapaske DSSC (Research Assistant)

S. Kulatunge DSSC based on 1-D nanostructures (Research Assistant)

J. Bandara Project leader

J. Akilavasan DSSC based on 1-D nanostructures (Research Assistant)

U. Gunatilaka Water purification techniques (Research Assistant)

L. Silva Water splitting reaction (M.Sc. student)

A. Gannoruwa Water splitting reaction (M.Phil. student)

M.S. Wasana (absent) Water quality (Ph.D. student)

7.1.5.1 Conversion of Solar Energy into Electrical Energy
J. Akilawasan, K.T. Wijerathne, A. Manjceevan, S. Kulatunge, R. Rajapakshe, J. Bandara

Photochemistry Project, Institute of Fundamental Studies, Kandy

Introduction: Dye sensitized solar cells (DSSCs) are widely recognized as a promising alternative
for conventional silicon based solar cells with an economically viable cost. An efficiency of 11% has
been reported for DSSC based on mesoporous nanoparticles of TiO, and N719 dye with a liquid
electrolyte. One of the major drawbacks of the nano-crystalline based device is the recombination of
free electron with oxidized dye molecules and also with I,. The recombination usually occurs at
particle boundaries within TiO, layer which is mainly due to the randomly oriented nature of the nano-
crystalline particle network and the poor contact between TiO, nanoparticles.To address this issue,
the use of one dimensional (1-D) nano-structured oxide semiconductors has drawn enormous
attention. In this respect, there has been an intensive research on 1-D nano-materials such as
nanotubes and nanorods during the last decade. The nanotube arrays are generally prepared by anodic
oxidation of titanium or titanium film in fluoride based electrolytes. Since the anodic oxidation
process is not a cost-effective method, finding cost effective methods such as the hydrothermal
method or sol-gel process is vital for commercialization of the product. As the hydrothermal process
is a simpler wet chemical process, it is more favourable for large-scale reactions and production of
low cost material for the formation of TiO, nanotubes-nanorods compared with other methods, such
as anodization or surfactant-assisted templating methods. Hence, Photochemistry Group investigates

B
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the hydrothermal method for the synthesis of different nanostructures such as ZnO, SnO, and TiO,
nanotubes and nanorods.

Objectives

Fabrication of dye-sensitized solar cells, Bulk Hetero Junction Solar cells and hybrid solar cells for
the conversion of solar energy into electrical energy.

Results

Efficient solar cells were fabricated with ZnO and TiO, nanotubes. The reported efficiency 7.6% is
the highest ever solar cell performance for the hydrothermally synthesized TiO, nanotube
electrode. TiCly treatment of hydrothermally synthesized TiO, nanotube results in increase in
charge transport as well as charge recombination. By the introduction of a light scattering layer to
the TiO, nanotube photoandoe, an efficiency of ~ 9% was achieved. Solar cells fabricated with
ZnO and SnO, nanotube/nanorods also showed a remarkable performance but efficiency of these
photoelectrodes were inferior to that of TiO, nanotube.

On these nanotube films and nanoparticles, Q-dots of CdS and PbS were deposited and current
density of 25-30 mA/cm’® was achieved. However, open circuit voltage of these g-dot solar cells
were found to lower than expected and research is underway to understand and enhance the open
circuit voltage of g-dot sensitized solar cells.

i

TiO,
nanotubes

7.1.5.2 Conversion of Solar Energy into Chemical Energy

A. Gannoruwa’, D. Aluthpatabediz, J. Bandara’

'Uwa-Wellasa Univeristy,Badulla, *Photochemistry Project, Institute of Fundame:ial Studies,
Kandy

Introduction

Photocatalytic water splitting into hydrogen is an effective method of converting solar energy into
chemical energy and hydrogen is a promising alternative to fossil fuels since it contains 3.4 times
more energy than gasoline on a weight basis. Most of the photocatalysts are active either in UV or
visible region of the solar spectrum. However no attempts have been made to develop solely IR
active photocatalysts even though solar spectrum comprises of 50% IR radiation. Here we
investigate the synthesis of an IR active photocatalyst for production of H, from photolysis of
water.

Objectives

Conversion of solar energy into chemical energy using low-energy IR radiations

36
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Results

Table 1 summarises the hydrogen yields with different conditions. We found, for the first time, that
Ag,0/TiO, composite prepared by a chemical deposition method was able to split water to produce
H, even without a sacrificial agent by using low-energy IR radiation. The photocatalyst was found
to absorb low-energy IR radiation byOptical Near-Field Photon assisted multi-photon
photoexcitation photoexcitation and generate active electron-hole pairs that participate in the water
splitting reaction generating Hy. Our results clearly demonstrate the possibility of synthesising new
types of photocatalysts to harness the IR region of the solar spectrum for the production of fuels
such as H,. The present IR photon harvesting system can be applied not only to the photolysis of
water but also for the photodegradation_of pollutants and in solar cells. Hence, this will be a
promising artificial system for efﬁment han estmg of so]ar energy

Table 1: H, yield by photoly51s of 10% methanol and deionised water under IR irradiation per unit
- catalyst mass with total 1nten51ty of 3.2 mW cm™

Hyield (ml b7 g )

Catalyst - 10% methanol Deionised water
‘Under Ar Under air Under Ar Under air
AgO/ TiO, - 25.64 £ 0.56 5.83 +0.39 241+0.06 | 0.176 +0.002
TiO, 2412082 | 0.19 £0.02 0.55+0.04 0.04.+ 0.003
Ag,0 0.56 +0.18 0.17 +0.07 0.11£0.009 | 0.017+0.006

7.1.5.3 Photochemical Purification of Water and Air
U. Gunatilake, J. Bandara

Photochemistry Project, Institute of Fundamental Studies, Kandy

Introduction

Automobile service station wastewater has been a heavy environment pollutant and a major topic
of environment science fields. The service station wastewater pollutes surface water sources as well
as ground water sources. Tests conducted on fluid samples from service station floors’drains
indicate that improper disposal of waste generated during vehicle servicing poses the threat of
ground water contamination. Automobile service station wastewater may contain several hundred
milligrams per liter of benzene, oil, grease and other volatile organic compounds. Waste solvents
contain a high percentage of chlorinated hydrocarbons. Some of these chemicals are known or
suspected carcinogens. '

In order to comply wastewater which is discharged into the environment, with Maximum
Contaminant Levels that wastewater must undergo proper treatment. Designing of a wastewater
treatment plant is a very important area in environment engineering. The treatment plant should be
able to discharge wastewater under Maximum Contaminant Levels which are established by local
authorities. It must be capable of catering its service for average capacities and also for possible
maximum volumes.

Objectives

Design of Biological and Advanced Oxidation Technology (AOT) hybrid reactor system for oil
wastewater treatment




QS Al Research Sesions 2013 —|

Results

* Superhydrophobic layers were prepared by using a nanocomposite. Polystyrene was taken as a
polymer matrix and the modified TiO, 4 nanoparticles were taken as the dispersed nano phase.
Hydrophilic TiO,  nanoparticles were transformed to hydrophobic by treating them with fatty
acids. Spraying method was used to attach the nanocomposite to the cotton cloth.

* Suerhydrophobic properties of the polystyrene polymer coating were increased by optimizing
conditions ( temperature, solvents, concentration)

+ The problem that encountered up to now is the stability of the layer. When using the layer
continuously, the polymer fibers tend to be destroyed.

(A) (B) ©)
Figure 02; (A) Superhydrophobic layer, (B), (C) Water droplets on the layer

7.1.5.4 Chronic Kidney Disease of Unknown Etiology

M.S. Wasana', D. Aluthpatabedi', R. Weerasooriya’, J. Bandara'

'Photochemistry Project, Institute of Fundamental Studies, Kandy ,’University of Peradeniya,
Peradeniya

Introduction

Chronic kidney disease (CKD) is a worldwide public health problem and it is receiving increased
global attention because of the rapid spread of the disease. Aging, diabetes, hypertension, and |
nephrotoxic drugs usage are known to be primary risk factors for CKD. However, CKD of unknown ‘
etiology (CKDu) is also prevalent and rapidly progressing in some regions of the world notably in '
Africa, Central America and Asia. The term “unknown etiology” refers, because the disease is not ‘
associated with any known risk factors. If not properly treated, CKD can lead to end stage renal
disease and often death. Recent studies revealed that there is an increasing trend in mortality due to
etiology unknown chronic kidney disease. Although precise epidemiological data are lacking to date
in most cases, it has been identified that occupational and environmental causes are the main reason.
The natural substancesaristolochic (Debelle et al, 2008) acid and ochratoxin A havebeen related to ;
CKDu outbreaks and long-termexposures to trace elements have been revealedas possible causes of |
renal damage. In South Asian countries like Sri Lanka, it is noted for an alarming high incidence of
CKDu during last three decades. The disease is characterized by a slow, progressive, asymptomatic J
development, frequently starting at a younger age group. A steady increase of this disease has been |
observed during the last twenty years. At present, CKDu is a severe health problem in Sri Lanka. ‘

|38| ‘



B _..-‘,4,

I A A

A e

IFS Annual Research Sessions 2013

Objectives

To detect the fluoride and some selected metal ion concentration (AI'* Cd "2, Pb ** Ca ** Mg") of
drinking water in Anuradhapura district with reference to the Chronic Renal Failure. To detect the
effect of AIF, compounds on Chronic Renal Failure (Rajarata Kidney Disease).To develop an
effective and economical method in order to reduce the Fluoride concentrations in drinking water
up to the WHO standards. '

Results

In spring waters the concentrations of F, Cd, As and hardness showed lowest values. Aluminum

levels are comparable (except in treated water) in other areas and the spring water. No CKDu

incidence was reported where people consumed spring water for a considerable period of time
(more than ten years). It is suspected that the high quality of the spring water and the lack of

possible causative CKDu agents may keep the people healthy. In all areas examined, the average

Cd and As levels are below the WHO recommendations (Cd 3pg/L and As 10 ppb); hence, these

elements alone cannot be causative factors for the disease etiology. A positive correlation between

the fluoride concentration in drinking water and the prevalence of the CKDu were noted. However,

the fluoride in water cannot be considered causative since low CKDu prevalent areas were also

located in high fluoride zones. Therefore it is conferred that fluoride in water is not acting alone

and it is triggered by other factors. The triggering factor(s) could be either hardness or Cd or it

could be synergic effects of F, Cd and hardness. It is inferred that both mechanisms are actively

responsible for triggering CKDu. This observation: needs further validations by animal trial

experiments. It is recommended to utilize either treated or spring water as a preventive measure of
CKDu in the regions examined.

Publications »
Total SCI publications since inception: 42 (1999-2013)

Total SCI publications in year 2113: 02
Human Resource Development

Registered for Ph.D/M.Phil. at PGIS, University of Peradeniya

1 J. Akilavasan, extended registration for Ph.D.
Title :Quantum Dot Sensitized Solar Cells Based on Titania Nanotubes
2 W. Wasana, extended registration for Ph.D. :
Title: Quality of drinking water in Rajarata area and the CKD disease
3 K. Wijerathne, registered for M.Phil
Title: 1-Dimentional SnO, and ZnO Nanocomposites for enhancing the power conversion
efficiency of DSSC '
4 A Manjceevan, registered for M.Phil.
Title: Fabrication of tandem solar cells to harvest solar energy for wide spectrum
5 K.U.B.Gunathilake, registered for M.Phil.
- Title: Design of a Biological and Advanced Oxidation Technology (AOT) Hybrid Reactor
System for Oil Wastewater Treatment at Automobile Service Stations.
6 K.M.S.D.B.Kulathunga, registered for M.Phil.
Title: I-D material for dye sensitized solar cells
7 Asangi Gannoruwa, registered for M.Phil.
Title: Photowater splitting using tandem solar cells

Two graduate students from PGIS work on their research projects.

K. Wijerathne, Completed his M.Phil research work and commenced his PhD work in Sweden in
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7.1.6 THERMOELECTRICITY
Project Leader: N.D. Subasinghe (Senior Research Fellow)

Descrij;tion of the Project

Thermoelectricity project investigates the use of thermovoltaic (TV) devices to generate electricity

from waste heat and solar energy. A thermoelectric device is an energy conversion system that
converts thermal energy directly into electrical energy. A device of this type is commonly referred
to as a thermoelectric generator (TEG). :

The maximum theoretical efficiency available in an engine operating between two temperatures is
the Camot efficiency. Photovoltaic (PV) devices have net conversion efficiencies in the teens and

thermionic (or thermoelectric) chips reach only a little higher than 20 percent of Camot when
converting heat to electricity.

Currently, the converting heat energy to electricity in large scale is done by using steam engines.
They can only operate at a higher temperature range (usually above 120 °C) and they cannot be
scaled down for small scale applications. Moving parts such as turbines and pistons lead to the
parasitic energy losses and noise, greatly lowering the efficiency. In contrast, TEGs have no

moving parts, totally silent in operation and they can be easily scalable to any scale, even down to -

nano-level. Currently the focus of this project is on optimizing the design and layout to increase the
efficiency. _ : '

This project was started with following objectives in mind:
- e Introducing and initiating one of the timely fields of research in Sri Lanka.
¢ Developing interest and awareness on thermoelectricity and its applications in Sri Lanka.
¢ Understanding the effect of different parameters and geometry of elements on the TE
power output. :
¢ Developing TE modules that are cheap, affordable and practical. _
¢ Developing more efficient TE modules using non-conventional assembly methods.
Production of TE generators that can run on any locally available energy source (e.g. solar
energy, waste heat from cooking or from factories, heat from burning straw, rice husk or
. dried weeds). _
* Investigation of possibility of producing TEG units as a local/domestic industry (similar to
- the production of solar water heaters in Sri Lanka)

One of the major advantages of the TV modules over PV modules is that TV modules can geﬁeratc
electricity using any available heat source, not only the solar energy. The source of heat could be
solar energy, waste heat from an industry or from a domestic cooker. '

It is expected that the outcome of this project will eventually contribute to the economy of Sri
Lanka, by providing a cheap alternative energy source, especially for the people who are still
without grid connections.
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7.1.6.1 Development of a low-cost thermoelectric generator for small applications

N.D. Subasinghe', N.B. Suriyaarachchi', T.B. Nimalsiri', D. Marasinghe’

! Institute of Fundamental Studies, Kandy.’Rajarata University, Mihintale

Introduction

Thermoelectric generators (TEGs) essentially consists of 'hot' and 'cold' junctions made of two
different materials. Depending on the difference of “Seebeck coefficients” of the material, potential
differences are generated. While there are semi-conductor based expensive TEGs in the market, we are
experimenting with cheaply and locally available material to produce small-scale 'power-on-demand'
devices.

Objectives

1. Tostudy the effect of design and physical parameters on the output of a TEG
2. To study the actual output of the TEG modules produced with locally available, cheap or
recycled material and compare it with their theoretical output.

Results

Experiments were carried out with different combinations of locally available material to study the
power output. Results are summarised in the following graph.
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Fig. 1 A graph showing the variation of output voltage (per thermocouple) with temperature
difference, for different material combinations.

As shown in Figure 1, the highest output was observed in iron/brass combination.
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7.2 CHEMICAL AND LIFE SCIENCES

7.2.1 CELL BIOLOGY
Project Leader: Dr. D.N. 'Magana-Arachchi (Senior Research Fellow)

Description of the project

The Plant Cell Biology project was initiated in 2004 December with research on cyanobacteria. In
2009 the project was renamed as Cell Biology. Currently, research is being carried out in two main
areas — cyanobacteria and tuberculosis, with sub projects in each category in order to explore
resources, improve human welfare and contribute to national development.

Isolation & identification of microorganisms and their effects on humans

Cyanobacteria, previously referred to as blue-green algae, are a diverse group of microorganisms
that inhabit a wide range of ecological niches and are well known for their toxic secondary
metabolite production. Knowledge of the evolution and dispersal of these microorganisms is still
limited, and further research to understand such topics is vital. Recently, the biotechnological
potential of cyanobacteria and archaea is attracting increasing attention. The present study provides
information on the enormous diversity and wealth of cyanobacterial and archaeal diversity in Sri
Lanka. The cyanobacterial toxins are potential human health hazards and these are known to occur
widely in drinking water sources. Therefore studies were carried out to identify potential
microcystin-producing cyanobacteria from environmental samples and cultured isolates.
" Determination of the toxigenicity of the cyanobacteria gives a warning of potential toxicity
development and permits early intervention to avoid health problems. The monitoring of toxicity
levels in water bodies is necessary to minimize potential health risks. The first part of the project
was completed in November 2013. Based on this research, a Ph.D thesis was submitted to the
University of Colombo in December.

Cyanotoxins&Chronic Kidney Disease of unknown aetielogy (CKDu)

Toxic cyanobacteria are increasingly being perceived as a potential health hazard, particularly in
waters used for drinking and recreation. Exposure to such cyanobacterial toxins in freshwater
systems, including both direct and indirect routes, is emerging as a potentially significant threat to
human health. Among the cyanotoxins, microcystins and cylindrospermopsin are the predominant
toxins in freshwater lakes worldwide. Concern about cyanobacterial blooms in fresh waters in Sri
Lanka has also grown in recent years due to an epidemic of CKDu prevailing in the North Central
Province and other surrounding areas. However, the incidence, aetiology, and demography are
largely unknown and only a few studies have been published. The reason might be due to
the combined effect of chemical and biological compounds, probably cyanotoxins, present in
water sources of such areas. Therefore, identification of such cyanobacteria in water sources
would provide long term objective of providing new, ‘rapid, molecular monitoring capability
for tracking cyanotoxin producing cyanobacteria. Therefore, we targeted the cyanotoxins as a
biological contaminant to establish the value -of using molecular, biochemical and bioassay
techniques to determine the presence of cyanotoxins. The project is.in the final stages of
completion. :

Gene expression analysis: Identifying the missing link in chronic kidney disease of unknown
aetiology (CKDu) in Sri Lanka

Studies have not been conducted as yet, to determine the gene expression analysis of these CKDu
patients. Therefore, by doing this pilot study, we can determine the gene expression patterns for
selected genes (drugs, xenobiotics, environmental factors, oxidative stress, heavy metals, diabetes,
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human control and diseased kidney samples. The identification of gene expression patterns (potential
biomarker patterns) that are associated with progression of CKDu, will enable us to determine the
possible risk factors.

Multidrug-resistant Tuberculosis (MDR-TB)

MDR-TB is a problem of great importance to public health, with higher mortality rates than drug-
sensitive TB. From our study we were able to develop a molecular technique to detect mutations in
M. tuberculosis strains and thereby resistance to two main drugs — isoniazid and rifampin,
simultaneously. The project was completed in 2012 October and in 2013 October; a patent application
was submitted to NIPO in Sri Lanka.

Arapid method to detect non-tuberculosis mycobacteria (NTM)

Atypical mycobacterium is one of the common infection-causing organisms, which affect immuno
suppressive patients and patients with pre-existing lung diseases. From our studies, amolecular assay
was optimized to differentially detect slow growing and rapidly growing non tuberculous
Mycobacteria (NTM) directly from sputum specimens. The project was completed in March and the
final report was submitted to the National TB Control Programme.

An optimized MIRU-VNTR typing system and Spoligotyping for population-based molecular
epidemiological studies of tuberculosis

Mycobacterial strain typing by means of molecular methods has become an important instrument for
tuberculosis surveillance, control and prevention. The present study focuses on characterization of M.
tuberculosis isolates, obtained from patients attending the Central Chest Clinic in Kandy and from
Bogambara prison by the MIRU-VNTR typing system and Spoligotyping to study the person-to-
person transmission of pulmonary TB among different populations.

Culturing of Spirulina on alarge scale

The major objective of the current project is to popularize culturing Spirulina on a large scale in the
country by collaborating with the Mahatma Gandhi Centre. Spirulina is to be used as a low input self-
supporting commercial venture. Presently stock cultures of Spirulina are maintained at laboratory
conditions and by using the newly formulated medium with cost-effective alternative chemicals,
semi-mass culturing of Spirulina is carried out in open tanks under greenhouse conditions.

Collaborators

. Dr.N.V. Chandrasekaran, University of Colombo

. Prof. V. Thevanesam, University of Peradeniya

. Dr.S.D.S.S. Sooriyapathirana, University of Peradeniya
. Dr. D. Medagedara, General Hospital, Kandy

. Dr. L. Gunarathne, Girandurukotte Hospital

. Dr. T. Abeysekara
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7.2.1.1 Determination of Potential Microcystin-Producing Cyanobacteria in |
Sri Lanka

R.P. Wanigatunge and D.N. Magana-Arachchi

Cell Biology Project, Institute of Fundamental Studies, Kandy

Introduction

* The microcystins are a group of cyclic hepta peptide hepatotoxins produced by a number of strains
of certain cyanobacterial genera. The presence of hepatotoxic microcystin in surface waters used
for drinking and recreation is receiving increased attention around the world as a public health
concern. '

Objective

The objective of this study was to identify and characterize potential microcystin producing
cyanobacteria in different water sources using PCR analysis.

Results

A total of 61 cyanobacterial isolates previously identified using 16S rRNA gene sequences were
-used for the study. Genomic DNA was extracted and purified using Boom’s method. PCR
amplification was performed with previously described primers mcyA-Cd 1F/mcyA-Cd 1R for the
condensation domain of the mcyA gene and HEPF/HEPR for the aminotransferase domain of the
mcyE gene of the microcystin synthesis pathway. Among the cyanobacterial isolates, Microcystis
aeruginosa from Lake Gregory, Lake Beira and Ulhitiya reservoir and Limnothrix sp. from
Nalanda reservoir yielded the expected PCR fragments of ~300 bp and 472 bp with mcyA and
mcyE genes respectively. Synechocystis sp. from Lake Gregory and Leptolyngbya sp. from
Mahapelessa hot springs gave the expected PCR fragment with mcyA gene. Further, Leptolyngbya
sp. from Yala gave the expected PCR fragment with mcyE gene. Other tested cyanobacterial
isolates did not produce expected PCR fragments with both primers. The presence of mcyA and/ or
mcyE gene in the microcystin synthesis pathway confirmed the genetic potential of the
microcystin-producing ability in cyanobacteria identified from Lake Gregory, Lake Beira, Nalanda
reservoir, Ulhitiya reservoir, Mahapellessa hot springs and Yala. Being a rapid method, the
technique could be used for the early detection of potentially toxic cyanobacteria in public water
reservoirs in Sri Lanka.

References

1. Boom, R., Sol, C.J.A., Salimans, M.M., Jansen, C.L., Wertheim-van Dillen and van der

- Noordaa. Rapld and simple method for purification of nucleic acids. J.Clin.Microbiol. 1990,
28(3), 495-503

2. Jungblut, A.D. and Neilan, B.A. Molecular identification and evolution of the cycli¢c peptide
hepatotoxins, microcystin and nodularin, synthetase genes in three orders of cyanobacteria.
Arch.Microbiol. 2006, 185, 107-114

3. Hisbergues, M., Christiansen, G., Rouhiainen, L., Sivonen, K. and Bomer T. PCR based
identification of microcystin-producing genotypes of dlfferent cyanobactenal genera Arch.
Microbiol. 2003, 180, 402410 S




7.2.1.2 Cyanotoxins and Chronic Kidney Disease of unknown aetiology (CKDu)

H. M. Liyanage and D.N. Magana-Arachchi

Cell Biology Project, Institute of Fundamental Studies, Kandy

Introduction

Among the cyanotoxins, microcystins and cylindrospermopsin are the predominant toxins in
freshwater lakes worldwide that affect the human liver and kidney function.

Aims and Objectives

The objective of this study was the isolation and molecular characterization of Cylindrospermopsis
strains as well as to determine whether cyanotoxins are a risk factor for CKDu.

Results

330 Chronic Kidney Disease (CKD)/CKDu/Healthy individuals’ questionnaires were analyzed to
find-out any disease-causing relationships. Significant differences were observed for each factor
under each category. Comparing the control + CKD population with the CKDu population, twelve
factors showed a statistically significant difference (p<0.05). Microcystin. (MC) and
cylindrospermopsin  (CYN)  producing cyanobacteria - were identified from 135

'CKD/CKDu/Healthy individuals’ water samples and 38 reservoirs samples. PCR amplification was

done for 50 urine samples collected from CKD/CKDu patients to identify cyanobacteria in their
excretory system. One sample was positive for cyanobacteria and was sequenced, confirming the
presence of Chroococcidiopsis sp. in patient’s excretory system. PCR amplification was done for
10 reservoirs and 12 environmental water samples collected from CKDu patients’ water sources to
identify cyanobacteria. In addition, PCR amplification was done for six reservoirs samples to
identify Cylindrospermopsis raciborskii. Selected positive samples were sequenced. Morphological
observations were carried out in 52 water samples collected from Thuruvila, Mahakandarawa,
Nachchaduwa and Nuwarawewa reservoirs to find out any Cylindrospermopsis spp. None were
identified except Phormidium, Merismopedia, Microcystis, Chroococcus, Oscillatoriaspp and
unknown spiral shaped organisms. DNA was extracted from six cultured samples and amplified for
the 16S rRNA gene to find out whether this unknown spiral shaped organism is a cyanobacterium.
Four positive samples were sequenced. The unknown organism was identified as a Prochlorales
cyanobacterium. DNA (n=49) sequences were deposited in the GenBank. Two phylogenetic trees
were constructed using 45 16S rRNA gene sequences and four cyt gene sequences. 24 uncultured
cyanobacterial isolates were able to place on their taxonomic positions upto order level with 16S
rRNA sequences. With ¢yt gene phylogeny, four C. raciborskii strains were found to be more
identical (96% -100% sequence similarity) to the existing C. raciborskii strains in the NCBI
database irrespective of their toxicities. HPLC analysis was carried out for four CYN samples
extracted from four reservoirs in Anuradhapura. Three reservoirs’ samples showed corresponding
CYN peak with the same retention time of 7.5 min 1 except the Jaya Ganga reservoirs’ sample,
and as such, confirmed the presence of CYN in Nuwarawewa, Tissawewa and Kala wewa

. reservoirs. :

Reference

1. Chorus, I. and Bartram, J. Toxic cyanobacteria in water: A Guide to their PublicHealth
Consequences, Monitoring and Management. E & FN Spon Press, London, UK, 1999.




7 2 1 3 Detectnon of Non Tuberculosis Mycobacterla in bronchoscopy samples using
- PCR-RFLP assay

D.K. Weerasekera', D.N. Magana-Arachchi', D. Madegedara®

!Cell Biology Project, Institute of Fundamental Studies, Kandy,
?Respiratory unit, Central Chest Clinic, Kandy

Introduction

* The rising incidence of human infection by non-tuberculous mycobacteria (NTM) is a serious
public-health concern'.

Objective

“To identify mycobacterial species in bronchoscopy specimens with a simple assay based on PCR
and restriction enzyme digestion.

Results

Among the culture-posmve patients, PCR was able to distinguish 12 rapid growers (~280-320 bp),

15 slow (~200-220 bp) and 10 patients having both rapid and slow while one having two rapid
growing mycobacteria. DNA sequence analysis revealed the presence of M. intracellulare(n=3), M.
phocaicum (n=T), M. tuberculosis complex (n=13), Nocardia (n=2), M. smegmatis (n=1) and
Mycobacterium sp(n=12). The identified organisms got digested upon exposure to Haelll
restriction.enzyme whereas when exposed to Cfol, only M. phocaicum yielded 80 bp and 230 bp
DNA fragments, while others remained undigested. Consequently, six patients were confirmed of
having M. _tuberculosis complex, seven having both M. tuberculosis and NTM in their
bronchoscopy specimens while 21 were suffering from NTM diseases.Further, out of the 100
bronchoscopy specimens evaluated by the assay, five of the spemmens had NTM while seven
patients had both tuberculosis and NTM in their bronchoscopy spemmens Three patients had only
M. tuberculosis complex bacterium while 24 patients had other organisms. From a total of 12
patients who had NTM, elght were rapid growers while the other four were slow growers. No DNA
fragments were observed in the remaining 61 specimens. Optimized PCR-RFLP assay was. able to
differentiate M. tuberculosis complex bacteria from non-tuberculosis mycobactena and Nocardia.

Molecular analysis confirmed the presence of NTM in bronchoscopy specimens and according to
the study, a significant proportion of patients, i.e, ~13-14% of the study population were found to
have NTM in their bronchial washings.

References

1. Hong-xiu, W., Jun, Y., Min, H,, ng-hul Y., Rong-liang, G., Ling-jie, J., Shu-sheng, Y.
and Yan-lin, Z. Nontuberculous mycobacteria: susceptibility pattern and prevalence rate in
Shanghai from 2005 to 2008. Chin. Med. J. 2010, 184,184-7.




7.2.1.4 Preliminary analysis of human gene expression in chronic kidney disease
patients of the dry zone of Sri Lanka

S. Sayanthooran', D.N. Magana-Arachchi’, S.D.S.S. Sooriyapathirana’®, T. Abeysekera®,
L. Gunarathne®

!Cell Biology Project, Institute of Fundamental Studies, Kanajz Department of Molecular Biology
and Biotechnology, University of Peradeniya, *Girandurukotte District Hospital

Intrdduction

Out of the CKD highly preva]ent in the dry zones of Sri Lanka, majority of the cases are of
unknown aetiology. The cause is however believed to be related to the environment. External
environmental stimuli can regulate the expression of genes', and therefore changes in gene
expression could point towards the stimulating environmental factor(s).

Objectives
To study expression patterns of genes related to drug metabolism (CYP2D6), diabetes and

cardiovascular disease (IGFBP1, IGFBP3), oxidative stress (G6PD) and kidney damage (FN1) in
chronic kidney disease patients of the dry zone of Sri Lanka.

Results

Blood samples and socio-demographic data were collected from chronic kidney disease patients
attending the renal clinic of the Girandurukotte District Hospital. Ten patients with CKDu, four
* chronic kidney disease patients diagnosed prior with diabetes and/or hypertension, and three
healthy individuals were taken into account for the study. RNA was extracted from the blood and
first-strand Cdna was synthesized. RT-PCR was carried out for the genes using predesigned
hydrolysis probes. The average threshold cycle (Cy) of healthy individuals was used as a baseline
to calculate fold changes using 2. Out of the genes studied, IGFBP3 and CYP2D6 expressions
showed a correlation (p<0.05 and p<0 1 respectively) with the aetiology of disease, where CKD
patients had a lower expression of the gene compared to CKDu patients, who in turn had a lower
expression compared to healthy individuals. IGFBP1 expression showed a positive correlation with
the history of diabetes (p<0.05) and stage of disease (p<0.1), whereas IGFBP3 expression showed a
negative correlation with the stage of the disease (p<0.05). Other genes observed did not show a
statistically significant correlation with study parameters on preliminary analysis.

References

1. Cheung, V.G., and Spielman, R.S. Genetics of human gene expression: mapping DNA
variants that influence gene expression. Nature Reviews Genetics. 2009; 10, 595-604.

This work was supported by NRC Grant 11-059 from National Research Council.
Human Resource Development

Registered for Ph.D., M. Phil, and M.Sc.

1. R.P. Wanigatunge (IFS), Registered for a PhD at University of Colombo -
Title; Identification and characterization of cyanobacteria using 16S rRNA genes and
detection of toxin producing cyanobacterial species using molecular markers
2. H.M. Liyanage (IFS), Registered for a PhD at University of Colombo
Title; Identification and molecular characterization of Cylzndrospermopszs
- Cylindrospermopsin andpotential toxin producers in dry zone, Sri Lanka




3 D K Weerasekera (IFS) Reglstered for a M Ph11 at Faculty of Medlcme Umversﬁy of
Peradeniya
Title; An optimized MIRU-VNTR typing syslem and spoligotyping for population-based
molecular epidemiology studies of tuberculosis in three distinct population groups

4. S. Sayanthooran (NRC), Registered for a M. Phil at the PGIS, University of Peradeniya
‘Title; Human gene expression analysis as a molecular marker to determine the causative

- agent in patients with chronic kidney disease of unknown aetiology (CKDu) in Sri Lanka

5. T.Keerthiratne (IFS), Applied for M. Phil registration at the PGIS, University of
Peradeniya
Title; Molecular identification and drug susceptibility of non-tuberculous Mycobacteria

(NTM)

Titles of theses completed
DM.D.PK. Bandara (Volunteer RA), I
Title: Detectxon of WISE gene in Mycobacterium tuberculoszs, 2013, Umversny of Perademya

Undergraduate trainees
1. Y. Thanzeel, University of Perademya, one month (Full time/Part time)
2. C. Samarawickrama, University of Peradeniya, one month (Full time/Part time)

Volunteers
1. N. Perera, Eight months (Full time)
2. C. Rajapakshe, Four months (Full time) -
3. S. Gangoda, Three months (Full time)
4. V. Bandara, Two months (Full time)
5. S. Meegahakumbura, One month ((Full time)




IR
s

.7.2.2 FOOD SCIENCE AND NUTRITION

Project Leader: Dr. Ruvini Liyanage (Research Fellow)

Description of the Project R

This project commenced activities in January 2011. The aim of this project is to uplift the
nutritional status of people in Sri Lanka. Studies involve conducting research on various food
items to ensure their quality as well as studying the effects of various types of diet on the body
chemistry and to explore the links between nutrition and well-being. At present, non-
communicable diseases (NCDs) are the leading cause of death in Sri Lanka. Major NCDs such as
cardiovascular diseases and diabetes are caused by life style related factors such as, poor diet, lack
of exercises etc. Thus, prevention of the onset of these diseases is important and it is vital to
identify a food-based approach within a context of Sri Lankan food habits and cultural practices.

To address these problems, two separate studies were conducted to investigate the effect of
processed cowpea and banana blossom incorporated experimental diets on lipid and glucose
metabolism in animal experimental model. Further, a probiotic soy yoghurt was developed as a
vehicle for vegetarians to improve gut health

Research Expertise:  Prof. S.A. Kulasooriya

Research Assistant:  Ms. O.S. Perera

Technical Assistant: Ms. Iranganie Thumpela

Collaborators: Dr.JanakVidanaarachchi, University of Peradeniya
Dr.Barana Jayawardana, University of Peradeniya

Postgraduate students

1. O.S.Perera, Research Assistant, reading for a M.Phil degree in Food and Nutrition,
- Postgraduate Institute of Agriculture, University of Peradeniya. Thesis title -
Hypocholesterolemic and hypoglycemic effect of cowpea incorporated experimental diets

in Wistar rats

2. H.K.S.N.S Gunarathne, Reading for a MSc in Blotechnology, Postgraduate Institute of
Science, University of Peradeniya
Students trained during 2013

Volunteer research assistants - Ms.Nasrin Sarabdeen (1 month)

Supervision of final year undergraduate students

Ms. Pabodha Weththasinghe: Final year student, Faculty of Agriculture, University of
Peradeniya (6 months)

Ms.Sharanya Gunasegaram: Final year student, Faculty of Agriculture, University of
Peradeniya (6 months)

Ms. B.G.S. Jayarathna: Final year student, Faculty of Agriculture, University of

Peradeniya (6 months)
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7.2.2.1 Hypocholesterolemic and Hypoglycemic effect of processed cowpea
(Vigna unguiculata L. Walp) incorporated experimental diets in Wistar rats (Rattus
norvegicus)

O. Perera', P. Weththasinghe’, B.C. Jayawardana’, J.K. Vidanarachchi’, R. Liyanage'

'Food Science Project, Institute of Fundamental Studies, Kandy, ° Department of Animal Science,
University of Peradeniya.

Introduction

At present, the growing prevalence of NCDs in individuals is a worldwide health problem. Cowpea is
one of the major legumes which are potential agents of reducing serum lipids and glucose. Apart from
the phyto-nutrient components, many other factors such as the form of food, cooking and processing
affect the response since it has been shown that cooking modulates the nutritional and biochemical
parameters of food'. Thus, in this study the hypocholesterolemic and hypoglycemic effect of boiled
MI 35, boiled Bombay cultivar and sprouted Bombay cultivar were investigated in comparison with
raw cowpeas of the same cultivars.
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Objectives
General Objective

To investigate the hypolipidemic and hypoglycemic effect of raw and processed cowpea incorporated
experimental diets in Wistar rats.

Specific Objectives

To investigate the effect of feeding raw, cooked and sprouted cowpea powder incorporated
experimental diets on:

Serum lipid concentrations

Serum glucose concentration

Serum antioxidant capacity

Cecal bacterial population, cecal pH, cecal weight and fecal weight
Body weight, liver weight and kidney fat mass

Results
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Values are means + standard deviations, Means bearing different superscripts are significantly different (p<0.05), BOF=HFD + 20%
Bombay cowpea powder, MIF=HFD + 20% MI 35 cowpea powder, WAF=HFD + 20% Waruni cowpea powder, DAF=HFD diet + 20%
Dawala cowpea powder ,BBF=HFD with + boiled Bombay cowpea powder, BMF=HFD with + boiled MI35 cowpea powder and
SBF=HFD with + sprouted Bombay cowpea powder , HFD=HFD + casein powder

Figure 1: Serum lipids and glucose concentration in rats at the end of 6 weeks feeding period

Serum total cholesterol, non-HDL cholesterol and triacylglyceride and glucose concentrations in
WATF fed group were significantly lower (P <0.05) than HFD fed group and this was accompanied by
significantly higher serum antioxidant activity in WAF group. Serum LDL cholesterol level in BOF,
MIF, BBF and BMF diets were significantly lower (P < 0.05) than HFD fed group. There was no
significant difference in plasma lipids and glucose concentrations among raw and processed cowpea
incorporated diets fed groups. Raw and processed cowpea produced significant hypoglycemic and
hypolipidemic effects in Wistar rats.

Reference

1. Ramesh, H. P. and Tharanathan, R. N. Water-extracted polysaccharides of selected cereals
and influence of temperature on the extractability of polysaccharides in sorghum. Food
Chemistry, 1999, 64,345-350.
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7 2 2 2 Investlgatmgm vivo hypollpldemlc, hypoglycemlc and antnoxndatwe capaclty
of Banana Blossom incorporated experimental diets in rats fed with cholesterol

S. Gunasegaram’, J.K. Vidanarchchi’, O. Perera’, B.C. Jayawardana?, R. Liyanage'

"Food Science Project, Institute of Fundamental Studies, Kandy, *Department of Animal Sciehce, :
University of Peradeniya.

_ Introduction

Blossom of the banana plant (Musa acuminate Colla) is often consumed as a vegetable in many
Asian countries such as Sri Lanka, Malaysia, Indonesia and the Philippines. In Sri Lanka, more
than 32 million the banana bunches are produced annually (Department of Census and Statistics,
1998, Agricultural Statistics, Sri Lanka). Banana blossom is a popular dish in Sri Lankan cuisines.

It is consumed as a curry as well as a boiled or deep fried salad with rice and wheat bread. Despite

the absence of data on the dietary fiber content and composition of the banana blossom, it is
generally valued as a fiber-rich source’. Dietary fiber in vegetables helps to protect against
cardiovascular diseases by improving blood lipid profiles, lowering blood pressure and reducing
indicators of inflammation. Food components with antioxidant properties may prevent the
cardiovascular diseases by inhibiting the oxidative damage to LDL-cholesterol. In a previous study,
banana blossom extracts have shown higher antioxidant capacity and antioxidant potentials of
alcoholic extracts of banana as manifested by the elevation of reduced glutathione (GSH) content.
The findings suggests that the unripe banana extracts had a higher antioxidant potency than the ripe
one. The current study was conducted with the aim to investigate the banana blossom incorporated
experimental diets on lipid and glucose metabolism and antioxidant capacity in rats.

Objectives
General Objective

To investigate the health benefits of banana blossom incorporated experimental diet.

Specific iject;_ii'es

To inveéﬁgate the effect of Banana blossom incorporated experimental diets on:

e Serum cholesterol (total cholesterols HDL cholesterol, LDL cholesterol) and .

triacylglycerol level.
e Serum glucose concentration
e Serum antioxidant capacity
e Cecal microflora composition
e Liver weight, body weight, cecal weight and kidney fat index
Results

Final body weight in the 5% cholesterol+ 21% banana blossom powder was significantly (P <
0.05) lower than the 5 % cholesterol diet and not significantly different compared to the control
diet. The fecal weight in 5% cholesterol+ 21% banana blossom powder was s1gmﬁcantly (P<
0.05) higher than other two groups. :

Serum total cholesterol, non-HDL cholesterol, glucose content and GOT were significantly lower
in rats with banana blossom diet than 5% cholesterol diet (CD) fed group. Lower serum lipids and
glucose level in banana blossom fed rats accompanied by higher fecal weight, higher Lactobacilli
and Bifidobacterium population compared to high cholesterol diet (HCD) fed group. Lower serum

GOT level in banana blossom fed rats showed the reduction in oxidative stress induced by high

cholesterol diet. However, there was no significant difference in serum antioxidant activity among
three groups. Banana blossom incorporated experimental diet modulated the serum lipid and
glucose content and cecal m1croﬂora in Wlstar rats.
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Table 1.Serum Total Cholesterol, High Density-lipoprotein-cholesterol (HDL-cholesterol), Non-
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HDL- cholesterol and glucose concentrations (mmol/L), GOT ( AA /min) and antioxidantactivity

(AOA pmol/L) in rats at the end of the experiment.

C 5% CD 5% CD+B
Total Cholesterol 1.1604 + 0.28° 1.6787 + 0.20° 1.3235+0.09°
HDLcholesterol 0.6850 + 0.18"° 0.4851 + 0.02° 0.4910 £ 0.07°
Non-HDL- 0.4754 + 0.26° 1.1935 + 0.18° 0.8320+0.10°
cholesterol
Glucose 33626 +1.01° 3.5352 + 1.40° 29473+ 031"
GOT 1.0784+ 0.31" 6.4024+3988 * 0.7486 + 0.42°
Antioxidantactivity | 600.313+78.619° 437.413+8.010° 513.908 + 91.388"
log10
cfu/g Tl
E T2
H T3

Coliform Lacto bacilli  Total anerobes Bifido

Figure 2.Cecal bacterial population of rats fed experimental diets for 4 weeks [log,,cfu/g content]

Reference
1. Wickramarachchi, K.S., Ranamukhaarachchi S.L. Preservation of Fiber-Rich Banana

Blossom as a Dehydrated Vegetable. Science Asia. 2005,31,265-271.

7.2.2.3 Development of Probiotic Soy Yogurt

B.G.S Jayarathna', H.K.S.N.S. Gunarathne', B.C. Jayawardana’, J.K. Vidanarachchi’,
G. Senevirathne', R. Liyanage'

'Food Science Project, Institute of Fundamental Studies, Kandy, ° Department of Animal Science,
University of Peradeniya

Introduction

The demand for alternatives to cow milk is growing due to problems with allergenicity, desire for
vegetarian alternatives, lactose intolerance and high price and scarcity of cow's milk. Also, the
consumers today are highly concerned about the transfer of harmful substances through cow's milk
such as herbicides, pesticides and dioxins. Additionally many religious and cultural taboos are
concerned with the consumption of protein-rich animal food. Therefore, there is an increasing interest
towards vegetable protein-derived substitutes. Among the vegetable protein sources, soy protein has
been ranked superior to most others. Soy milk is concerned as an alternative to cow milk and has
immense health benefits. Since soy yogurt has high nutritional value, low cost of production'and
improved flavor, lactic fermentation of soy milk into soy yogurt is worthwhile. Studies have shown that
soymilk is a good substrate for some Lactobacilli and Bifidobacteria. Thus, the aim of this study was to
develop a total vegan probiotic whole soy yogurt.

5 )



Objectives

General Objective
To develop a probiotic vegan yogurt

Specific Objectives : 7 .
o Develop soy yoghurt incorporated with Bifidobacteria and Lactobacillus as probiotics
o Investigate the possibility of replacing gelatin with a plant based stabilizing agent

Results

Soy milk with agar agar stabilizer can be used to produce a 100% vegan yogurt. According to
sensory analysis, incorporation of probiotic Bifidobacteria to soy yogurt could improve the quality
of the product. Soy yogurts are effective to be used as probiotic carrier food because recommended
probiotic concentration level of 10® to over 107 or 10° can be achieved with Bifidobacteria when
used in soy yogurt. The highest viable bacterial counts of total lactic acid bacteria and
Bifidobacteria were observed at the 7"day of storage and were significantly higher than the viable
counts of a probiotic cow milk yogurt.

Storage Time(Days) Total lactic acid Bifidobacteria
bacteria (cfu/mL)
(cfu/mL)
1 8.63° 8.47°
7 8.85° ' 8.87°
14 8.66° 8.60°

Reference

1. Osman, M.M.D., Razig, K.A.A. Quality attributes of soy yogurt duﬁng storage period.
Pakistan Journal of Nutrition, 2010, 11, 1088-1093.
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7.2.3 FUNCTIONAL FOOD PRODUCT DEVELOPMENT
Project Leader: Dr Vlduranga Walsundara (Research Fellow)

Description of the Pro;ect‘ :

The research project on Functional Food commenced in Aprll 2013.The project work focuses on
identifying and developing functional food which will be beneficial to consumers in Sri Lanka for
health and wellness purposes.” Functional food have been defined as food products which have a

_potentially positive effect on boosting the health and initiating disease prevention — both aspects

which are beyond the basic nutritive needs expected to be provided through food consumption.
Although all food products may be conSIdered as’ functlonal since they provide varying amounts of
nutrients and energy-to sustain. urowth or“support vital:processes, functional foods differ in these
characteristics since they are oenerally consndered 1o reduce the rlsk of dlsease or promote optimal
health. s : : ,

The primary objective of this research project is to identify functional food products which are
already part of the local diet and may be vital in the prevention of diseases among the local
population. A special emphasis is laid on functional food which may have an effect on the
prevention or control of diabetes — a disease which has clear ties with the consumption of food and
dietary practices

Analysis of the Antioxidant Capacity of Leafy Vegetables and Herbs in Sri Lanka

Oxidative stress has been known to be the root cause of many diseases such as cancer,
cardiovascular disease and diabetes. Thus, antioxidants have been touted as a potential remedy to
prevent the occurrence and instigation of these disease conditions. A study was conducted on
identifying the antioxidant potential of leafy vegetables and herbs such as Coccinia grandis
(‘Kowakka®) Costus specious (‘Thebu’) and Gymnema svivestre (‘Mas Bedda’) which have been
consumed for generations as part of the regular Sri Lankan diet or for medicinal purposes. For this
purpose, the Oxygen Radical Absorbance Capacity (ORAC) assay was established for the
quantification.This assay expresses the antioxidant capacity of extracts in Trolox Equivalents (TE)
which is essentially a vitamin E analogue, and uses 2,2"-azobis(2-amidinopropane) dihydrochloride
(AAPH) as the radical generator.The ORAC assay is structurally sensitive and has a better
correlation with the amount antioxidant compounds present in the prepared extracts.The study was
able to add scientific value by systematically determining the antioxidant properties of the selected
plants.

Fermented Functional Food with Antioxidant Properties

Fermented food products are not regular items of the Sri Lankan diet despite scientific evidence
supporting their benefits of consumption. A study was conducted on a fermented tea which may be
easily prepared on a domestic scale. This tea is commonly prepared using Chinese black tea which
has been popularly known to have a high antioxidant capacity. However, Chinese black tea is hard
to obtain locally as compared with the Sri Lankan black tea, which is more readily available. Thus,
for the first time, the antioxidant properties of the fermented tea prepared using Sri Lankan black
tea was elucidated and quantified using the ORAC assay.

Volunteers:  Miss M.I. Watawana (PGIA) (September 2013 onwards for 6 months)
Miss N.N. Jayawardena (PGIA) (November 2013 onwards for 6 months)
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7.2.3.1 Evaluation of the Antioxidant Activity of Traditional Medicinal Herbs from
Sri Lanka

V. Y. Waisundara*, M. I. Watawana, N. N. Jayawardena

Functional Food Product Development Project, Institute of Fundamental Studies, Kandy

Introduction

Sri Lanka has been gifted with a wide assortment of plant species due to its location in the tropics as
well as the variability of climatic zones. For generations, the plants have been consumed as cures for
ailments, disease prevention or simply for the purpose of maintaining health and wellness. Since a
successful cure for diseases such as diabetes or cancer are virtually nonexistent in the Western
medicinal equivalents, the tendency for individuals contracted with these diseases to seek alternative
remedies has been observed to be on the rise’.Compared with traditional Indian or Chinese herbal
medicinal practices, the Sri Lankan counterpart has more unexplored territories which are open for
scientific research. As a step towards adding the scientific background to some of the commonly used
herbal medicines of Sri Lanka, this study was carried out to investigate the antioxidant activity of the
following 18 herbs which are mostly used for anti-diabetic purposes’:

e  Adhathodavasica (Adhathoda)

e  Alternanthera sessilis (Mukunuwenna)
o Amaranthus viridis (Kura Thampala)
e  Annonamuricata (KatuAnoda)

e Artocarpus heterophyllus (Kos)

e Asparagus racemosus (Hathawariya)

o C(Centellaasiatica (GotuKola)

o Coccinia grandis (Kowakka)

o Costus specious (Thebu)

e Desmodium gangeticum (Undupiyaliya)

o Gymnema sylvestre (Masbadda)

e [pomoeaaquatica (Kang Kung)

e Mimosapudica (Nidikumba)

e Momordica charantia (Karavila)

e  Psidium guava (Pera)

e Seshania grandiflora (Kathurumurunga)
e Solanum americanum (Kalukammeriya)
o Wattakaka volubilis (Kiri Anguna)

E
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These herbs were selected primarily because only their leaves are being used for the treatment of the
disease.

Objective

This study was designed to evaluate the antioxidant activity of 18 selected Sri Lankan medicinal
herbs which are commonly used as anti-diabetic remedies.

Methodology and Results

The herbs were intensively sun-dried for 8 hours and ground to powder. Twenty milliliters of water at
60 "C was added to one gram each of the powders to prepare a decoction and allowed to cool to 25 °C.
The mixtures were centrifuged and the supernatants were separated. The total phenolic contents,
Oxygen Radical Absorbance Capacity (ORAC) values and DPPH radical scavenging activities were
analyzed. According to the results obtained it was found that the following five herbal extracts had the
highest antioxidant activity: :

Coccinia grandis  Costus specious  Psidium guava  Desmodium Mimosa pudica
(Kowakka) (Thebu) (Pera) gangeticum (Undupiyaliya)
(Nidikumba)
References

1. Ou, B.X., Huang, D.J., Hampsch-Woodill, M., Flanagan, J.A. When east meets west: The
relationship between yin-yang and antioxidation-oxidation. FASEB, 2003,17,127-129
2. Karalliedde, L. Gawarammana, I.B in: Karalliedde, L. Gawarammana, 1.B. Traditional

Herbal Medicines: A guide to its safer use, : Hammersmith Press Ltd, London, United
Kingdom, 2008

7.2.3.2 Evaluation and comparison of the antioxidant properties of Kombucha Teas
V. Y. Waisundara, M. I. Watawana, N. N. Jayawardena

Functional Food Product Development Project, Institute of Fundamental Studies, Kandy

Introduction

Kombucha tea is a functional food traditionally prepared using sugared Chinese black teafermented
by a mixed culture of bacteria and yeasts. Fermented functional foods are not regular components of
the Sri Lankan diet. Thus, kombucha tea could be considered as a potential product to fill this void.
The health benefits of the kombucha tea such as the alleviation of arthritis, cancer and inflammations
have been closely associated with its antioxidant potency. Most of the studies on antioxidant activity
have been carried out on kombucha tea prepared from Chinese black tea (CBT). However, there have
been no investigations to date on the antioxidant properties of kombucha tea prepared using Sri

Lankan black tea (SLBT). ‘
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Objective
To systematically evaluate and compare the antioxidant activity of two kombucha teas prepared from
CBTand SLBT.

Methodology andResults

LapsangSouchong Chinese Black Loose Leaf Tea was obtained from Suzhou, China while the SLBT
was locally obtained. Approximately 2.5% (w/w) of the two teas were added to boiling water and
allowed to infuse for 5 min. Sucrose (5%, w/w) was dissolved in the hot teas and left to cool until room
temperature. Tea (200 ml) was poured into sterile jars and inoculated with 3% (w/v) of the freshly
grown starter culture. Daily sampling was carried out for 7 days to quantify the ORAC', total phenolic
content’ and pHvalues. These parameters were also measured in both teas prior to addition of the
starter cultures (considered as day 0). IBM SPSS Statistics version 21.0 for Windows was used for
the statistical analyses. Results are calculated and expressed as mean + standard error mean (SEM)
of>3 independent analyses. P values of>0.05 were considered to be significant.

Figure 1. Kombucha teas during fermentation prepared from (A) Chinese black tea and (B) Sri
Lankan black tea on day 7

Images of the two kombucha teas are shown in Figure 1. As shown in Figure 2, the pH of both teas
decreased during the period of monitoring owing to the production of ethanol during the fermentation
process. The total phenolic content of SLBT was observed to be statistically significantly higher than
CBT (P<0.05) throughout the period of monitoring. This was in correlation to the ORAC values
where SLBT displayed a statistically significantly higher (P<0.05) antioxidant potential than CBT. In
conclusion, kombucha tea prepared from SLBT had the higher antioxidant potential than CBT
indicating it to have better health benefits as a fermented functional food.
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Figure 2. (A) pH (B) total phenolic content and (C) ORAC values of CBT and SLBT. The
error bars represent the SEM.
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Development of biofilmed biofertilizers (BFBFs) for applications in agriculture
- Project Leader: Prof. G. Seneviratne (Résearch Professor)
Description of the Project

There is a growing concern about food security and sustainability of agricultural production in the
world; however there are limited attempts to understand the determinants of stability in
agroecosystems, particularly in the tropics. Conventional agricultural practices have generally
created adverse environmental conditions stressful to the biota, reducing biodiversity and soil
fertility, because biotic and abiotic stresses in the environment transfer organisms from live stage to
dormant stage (Seneviratne et al., 2013). It has been reported that the functional stability of the
ecosystems in the face of environmental stress is strongly influenced by the initial evenness of taxa
of the microbial communities, because even rare bacterial taxa have been observed to be
disproportionately active relative to common bacterial taxa.. When these communities are highly
uneven or if there is extreme dominance by one or a few species under adverse soil conditions,
their performance is less resistant to environmental stress, and hence that reduces microbial
functions and negatively affects ecosystem functioning. Therefore, the collapse of microbial
communities, particularly N, fixers mainly due to chemical N inputs may lead to reduced plant
diversity, as indicated by the study of van der Heijden et al. (2006), and agro-biodiversity in
general. This tends to weaken the interactions among biotic and abiotic components, consequently
breaking the delicate balance of the ecosystem. It has now been confirmed that even in natural
ecosystems like forests, soil microbes play an important role in determining plant species diversity.
The N, fixers play a key role in the growth and persistence of effective soil microbial communities
by supplying nitrogen through N, fixation. Disturbances to the ecosystem balance, caused by stress
factors promote negative environmental impacts on agriculture such as pests and pathogens, and
also reduce internal biological actions and cycles, resulting in low decomposition and hence
accumulation of toxic compounds, adversely affecting sustainability. This eventually leads to
'degradation of the agroecosystems.

As arecent development in biofertiliser research, fungal-rhizobial biofilms have been developed in
vitro from microbial communities and these are now termed biofilmed biofertilisers (BFBFs,
Seneviratne et al., 2008). The BFBFs showed increased N, fixation, mineral nutrient release in the
- soil, organic acid and plant growth hormone production, and supported enhanced plant growth,
yield and stress tolerance, compared to mono- or mixed cultures of the component microbes
without biofilm formation. Incorporation of other diazotrophs like 4zotobacter species together
with rhizobia in the community as higher order biofilms is helpful for rhizobia to fix N,, because
most rhizobia lack the gene NifV, responsible for homocitrate synthase, which is possibly shared
with the rhizobia by the other diazotrophs. The positive role of the BFBFs on the improved plant
growth and yield under reduced rates of chemical fertiliser appllcatxon was interpreted to be caused
by the increased chemical fertiliser use efficiency, thus saving up to 50% of chemical fertiliser use.
Inoculation with BFBFs maintained soil microbial diversity, even under the application of chemical
fertilisers. The BFBFs revived considerably and relatively quickly microbial diversity and activity,
and enhanced plant growth in a degraded tea soil through increasing biodiversity by dormancy
breaking of microbial seed bank, and also bioremediation of the accumulated allelopathic
phytotoxins. The increased microbial diversity contributed to a natural biocontrol of a pest on the
tea soil. The BFBFs also showed reduced N,O emission from the tea soil. In this manner, the
BFBFs could restore ecosystem functioning through altered microbial diversity which would help
reinstate sustainability even in mono-cropped agriculture with chemical inputs.

Sustainability in terrestrial ecosystems is an outcome of a complex, non-linear interaction among
microbes, plants, animals, including humans and the soil and atmosphere, and hence it is a
harmomzatlon among soil and atmospherlc sciences, entomology, pathology and all other plant and -




TFS Annual Research Sessions 2013

animal sciences. Sustainability is improved through enhanced biodiversity and ecosystem
functioning. However, it is pity to see the absence of this amalgamation in nature, in the man-made
sciences. For example, in the field of soil sciences, it is frequently noticed that some or perhaps
majority of soil chemists do not know or care much about the importance of soil microbiology and
vice versa. This is mainly due to lack of interdisciplinary or trans-disciplinary coordination
(multidisciplinary nature) of our scientific research and development process. This is an important
issue that should be addressed and rectified immediately by us. '

Research summaries

Developing BFBFs for coconut

The objective of this study is to develop a BFBFs formulation to coconut nurseries. Initially,
coconut planted to a virgin soil in a nursery was uprooted and fungi and bacteria were isolated from
the roots, -according to protocols developed by the Molecular Biotechnology Unit (MBU), IFS.
Isolated microbes were then: tested for pathogenicity. Bacteria were then grown in Combined
Carbon Media (CCM) for isolation of nitrogen"fixers. The isolated bacteria were evaluated for
nitrogenase activity (ARA) using GC. Then the biofilms were developed -and screened. The
selected biofilms were applied to four nurseries in Kurunegala; which are under the Kurunegala
Plantations Limited. o . e -

Developing BFBFs for forest tree nurseries -~ . B
In an experiment on the dévelopmenit of BEBFs for planted forest tree.seedlings on- grasslands,
Macaranga indica, Bhesa ceylanica; Sympocos.cochinchinensis and Eugenia bracteata, four native
trees growing in Knuckles conservation forest were used to isolate thizoplane microbes. In this, 32
bacteria and 13. fungi were ‘isolated and screened. Out of the selected microbes, 6 fungal-bacterial
biofilms were developed and applied to nursery and field trials: '

Validating the effect of BFBFs under farmers’ field conditions

Evaluation of yield and growth parameters of maize, cowpea, ground nut and green gram with
BFBFs application in farmer field experiments at Mahawa, Galgamuwa and Anamaduwa were
completed in collaboration with the Provincial Department of Agriculture, Wayamba. Further,
farmer field trials were concluded for testing BFBFs with maize, green gram and soybean at
Anuradhapura, Mahiyangana and Thissamaharama, in collaboration with Plenty Foods (Pvt.) Ltd.
The BFBFs were tested for maize and rice at Padiyathalawa in farmers’ fields.

Evaluation of yield and growth parameters of maize, rice, tomato, chilli and cabbage with BFBFs
application in farmer field experiments at Ampara, Thalathuoya and Mahiyangana were completed.

These studies were done in larger plots of 9 m® under framers’ field conditions. At all locations,
100% recommended chemical fertilizer (CF) application was compared with 50% CF + BFBFs. It
was found that the 50% CF + BFBFs gave equal or relatively higher seed yields, compared to
100% CF. This has both CF reduction and yield increase benefits.

A study is being conducted for improving the existing BFBF for maize by replacing its fungal
species. This is important for improving the efficiency of BFBFs under low soil phosphorus levels.

Visiting Research Professor: Prof. S.A. Kulasooriya
Research Assistants: U.V.A. Buddhika, S. Ekanayake, M. Seneviratne
Senior Staff Technical Officers: R.C.K. Karunaratne, A. K. Pathirana
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3 van der Heijden, M.G.A., Bakker, R., Verwaal, J. et al. (2006). Symbiotic bacteria as a
determinant of plant community structure and plant productivity in dune grassland. FEMS
Microbiol. Ecol. 56,178-187.

7.2.4.1 Can developed microbial biofilms mitigate agro-biodiversity loss?
H. M. L. I. Herath, G. Seneviratne, N. Senanayake

Microbial Biotechnology Unit, Institute of Fundamental Studies, Kandy

Biodiversity is a key to maintain functioning of ecosystem and its existence. Loss of biodiversity may
ultimately threaten the life and its furtherance. Modern agriculture has been one of the greatest causes
for biodiversity degradation (Jackson et al. 2005). Conservation of remaining agro-biodiversity has
been a major issue at present. It has also been argued that available conservation measures are
insufficient to halt biodiversity loss (Kleijnet al. 2011). Thus, novel approaches and concepts should
be tested. As a recent development in microbiology, fungal surface attached bacterial communities or
biofilms are being studied for various biotechnological applications (Seneviratneet al. 2008). It has
been reported that the introduced biofilms enhance the ecosystem functioning which has a direct link
to biodiversity. The present study was therefore conducted to investigate the effect of the introduced
biofilms on regenerating the lost biodiversity in the soil of agroecosystems. For that, soils collected
from an agricultural field were separately treated with a developed biofilm, its' mono cultures,
nutrient solution used for culturing the microbes and distilled water in a pot experiment. After three
months, the pots were evaluated for plant and microbial species richness, nitrogenase activity, and
some soil parameters. It was observed that the biofilm added soil pots harboured significantly higher
bacterial, fungal and plant species richness, soil nitrogenase activity, organic carbon, available
ammonium and nitrate than those of its mono culture treatments. From the present study, it is clear
that inoculation from the developed microbial biofilms positively influences microbial and plant
diversity and soil quality parameters.
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developed microbial biofilms can be used as a novel biotechnological tool to mitigate biodiversity
loss in agroecosystems and perhaps in natural ecosystems.
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Fig. 1.Plants species richness in microbial biofilm added, fungal mono culture (Colletotrichum
spp.) added and bacterial monocultures (Rhizobium spp., Bradyrhizobium spp., Acetobacter spp.
Azotobacter spp.) added soil pots, after one month of treatments application. Different letters on the
columns show significant differences at 5% probability level, whereas the columns with the same
letter are not significantly different at the same probability level. Vertical bars on the columns show
standard errors.
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7.2.5 NATURAL PRODUCTS

* Project Leaders: Prof. U.L.B. Jayasinghe (Research Professor)
Prof. N.S. Kumar (Research Professor)

Description of the Project

Secondary metabolites produced by plants; fungi, other microorganisms, marine organisms and
lichens are better known as Natural Products. Research activities in the Natural Products project
have been focused on the chemistry and bioactivity of secondary metabolites from plants, fungi
(including endophytic fungi) and edible fruits of Sri Lanka. Identification of polyphenols found in
tea, fruits and edible spices by LC-MS is also being carried out. The overall objectives of these
projects is the identification bioactive. extracts and compounds from natural sources, as potential
resources for control of human and plant diseases. .

The bioactivities of extracts and compounds are being assessed using bioassays; DPPH (2,2’-
diphenyl-1-picrylhydrazyl) assay to detect the presence of natural antioxidants; the brine shrimp
(Artemia salina) lethality assay to detect cytotoxicity; the lettuce (Lactuca sativa) seed germination
assay to detect the presence of phytotoxic compounds and the TLC bioautography method to detect
the presence of antifungal compounds. Enzyme assays to detect the presence of naturally occurring
o-amylase, B-glucosidase and lipase inhibitors respectively, are being used in the recognition of
natural sources which may be of importance in the identification of extracts/compounds which can
find application in the formulation of health and food related products. These inhibitors interact
with specific enzymes and block their activity towards the corresponding natural substrate.
Naturally occurring inhibitors are biochemical tools that have potential utility in the treatment of
diseases. For example, a-amylase, f-glucosidase and lipase inhibitors are drug targets for the
treatment of diabetes, obesity and hyperlipaemia, and may eventually be of use in drug research
leading to the development of new products.

The accidental discovery of the first antibiotic Penicillin from the mould Penicillium notatum led to
the age of antibiotics and research on fungal metabolites. Endophytic fungal strains produce natural
products that are either identical or closely related to those produced by the host plant. A well
known example is the production of Taxol, an anti-cancer drug obtained from the Pacific Yew tree
Taxus brevifolia, which was also produced by the endophytic fungus Taxomyces andreanae from
the bark of T, brevifolia. Isolation of endophytic fungal strains from some Sri Lankan fruits has
resulted in the isolation of some unusual bioactive metabolites.

Collaborators
1. Dr. W.AR.T. Wickramarachchi, HORDI, Gannoruwa
2. Dr. K.AN.P. Bandara, HORDI, Gannoruwa
3. Prof. BM.R. Bandara, Faculty of Science, University of Peradeniya
4. Prof. Vasanthi Thevanesam, Faculty of Medicine, University of Peradeniya
5. Dr. Kumudu Perera, Faculty of Medicine, University of Peradeniya
6. Prof. Deepthi Yakandawala, Faculty of Science, University of Peradeniya
7. Prof. Y. Fujimoto, Tokyo Institute of Technology, Japan
8. Prof. N. Kuhnert, Jacobs University Bremen, Germany
Research Scientist: Dr. K.G.N.P. Piyasena (NSF Project)
Research Assistants: Ms. HM.S.K.H. Bandara

Ms. K.G.E. Padmathilake (until Sept. 2013)
Ms. G.G.E.H. De Silva
Ms. HR.W.M.D.P.K Niyangoda (until 17.04.2013 - NSF

project)
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Ms.A.G.D.D. Silva (until Oct. 2013)

Ms. RIM.W.C K. Karunarathna (from 17.04.2013 - NSF

project)

Ms. T. Sritharan (from 15.05.2013 — NRC project)
Senior Staff Technical Officer: Mr.D.S. Jayaweera

7.2.5.1 Edible Fruits: Chemistry and Bioactivity

G.G.E.H. De Silva, RM.W.C.K. Karunarathna, D. Niyangoda, D.C. Gunawardena,
N.S. Kumar, U.L.B. Jayasinghe

Natural Products Project, Institute of Fundamental Studies, Kandy.

Introduction

Fruits have been consumed for centuries by animals and humans and are a reliable source of
non-toxic and environmentally friendly bioactive compounds. Most of the studies on edible
fruits are limited only to their nutritious value. Consumption of fruits has been associated
with a reduced risk of chronic diseases and the reduction of functional declination associated
with aging. Bioactivity studies of compounds specific to tropical fruit plants have led to the
discovery of new chemical entities with interesting bioactivities and reduced toxicity. The
presence of inhibitors of carbohydrate hydrolyzing enzymes, e.g. a-amylase, in plant derived
foods is of immense importance in the control of blood glucose level in patients with type II
diabetes. Antioxidants help to prevent free radical induced oxidative stress and help to either
prevent or delay diseases related with aging. Fruit extracts that display antifungal activity
could lead to the isolation and identification of environmentally friendly pesticides and
antifungal agents.

Objectives

Evaluation of the bioactivities of some edible fruits in Sri Lanka with special reference to
antifungal, antioxidant, cytotoxic, phytotoxic and enzyme inhibitory (a-amylase and lipase)
activities.

Methodology and Results

The popular edible fruits Aegle marmelos (Sinhala:Beli), Anacardium occidentale (Kajupuhulan),
Averrhoa bilimbi (Bilin), Citrullus lanatus (Peni Komadu), Garcinia cambogia (Goraka), Limonia
acidissima (Divul), Manil karazapota (Sapodilla), Nephelium lappaceum (Rambutan), Passiflora
edulis (Pashion fruit), Phyllanthus emblica (Rata Nelli) were evaluated during this study. The
edible part of each fruit was blended, and juice and residue were separated. Each juice was
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sequentially extracted with n-hexane and EtOAc. Residues were sequentially extracted into n-
hexane, EtOAc and MeOH. MeOH extracts were partitioned with n-butanol and water. All extracts
were subjected to bioassays to detect antifungal activity (TLC bioassay against
C. cladosporioides), antioxidant activity (DPPH radical scavenging activity), cytotoxic activity
(Artemia salina lethality assay), phytotoxic activity (inhibition of Lactuca sativa seed germination)
and enzyme inhibitory (a-amylase and lipase) activity. Some of the bioassay results were reported
in the Annual Review of 2012. Based on the results from the bioassay extracts of the fruits, 4.
marmelos, A. occidentale, A.bilimbi were selected for further studies.

In order to isolate bioactive compounds, activity-guided fractionation of fruit extracts of 4.
marmelos, A. occidentale (displaying a-amylase inhibition, antioxidant activity, toxicity to brine
shrimp and phytotoxicactivity),(a-amylase inhibition, antioxidant activity, toxicity to brine shrimp,
phytotoxic and antifungal activity) and P. edulis (0-amylase inhibition and antioxidant activity) are
in progress.

Aegle marmelos: Preliminary investigation indicated the significant antifungal and antioxidant
activity in EtOAc extracts. Chromatographic separation of the EtOAc extract over silica gel,
Sephadex LH-20, and PTLC furnished 12 compounds (1-12). Structures of these compounds were
identified as psoralene (1), 8-methoxypsoralene (2), marmelide (3), xanthotoxol (4), 6-
(dimethylallyl) umbeliferone (5), 6’,7’-epoxyaurepten (6), O-methylhalfordinol (7), O-
isopentenylhalfordinol (8), (E)-N-(2-hydroxy-2-(4-methoxy phenyl) ethyl cinnamamide (9), (E)-N-
(2-(4-(3methylbut-2-enoyloxy)phenyl)-2-hydroxyethyl) cinnamamide (10), (E)-N-(2-(-4(3-methyl
but-2-enoyloxy)phenyl)-2-methoxyethyl) cinnamamide (11) and cinnamic acid (12) by detail
analysis of '"H &"”C NMR and MS spectral data. According to the availability, only the
compounds 3, 4, 5, 7, 8, 9, 10 and 12 were subjected to bioassays and found that the compound 4
and 5 are having significant antifungal activity against C. cladosporioides and compounds 4, 5, 8,
10 and 12 having significant antioxidant activity (ICso< 31.25 ppm). Further the compounds 3, 4, 7
and 8 showed phytotoxicity activity (ICso < 62.5 ppm). Determination of bioactivities of pure
compounds is now in progress.

Results of the on-going studies indicate the presence of compounds with significant bioactivity in
extracts of common edible fruits such as 4. marmelos. The presence of bioactive compounds in
these tropical fruits would be of value to the national economy.

7.2.5.2 Endophytic Fungi: Chemistry and Bioactivity

K.G.E. Padmathilake, K.G.N.P. Piyasena, N.S. Kumar, U.L.B. Jayasinghe

Natural Products Project, Institute of Fundamental Studies, Kandy

Introduction

Endophytic fungi are organisms that colonize internal plant tissues without causing apparent harm
to their host. Several novel and pharmacologically active molecules have been reported from
endophytic fungi. Endophytes are increasingly being identified as a group of organisms capable of
providing a rich source of secondary metabolites for use as pharmaceuticals and agrochemicals.
Recently, we investigated the chemistry and bioactivity of fungi associated with Musa sp., and
endophytes in the seeds of Pouteria campechiana and the leaves of Mikania scandens. P.
campechiana is a golden yellow popular edible fruit of the family Sapotaceae growing in tropical
countries. Some carotenoids and polyphenolic compounds have been reported from fruits of P.
campechiana'. We have previously reported taxifolin, gallocatechin, quercetin and 4-
hydroxyacetophenone from the seed extracts of P. campechiand’.




Objectlve

Studies of environmental friendly bioactive compounds originating from endophytic fungi
associated with fruits Pouteria campechiana.

Methodology and Results

P. campechiana:Seeds of P. campechlana were tnple sterilized and pieces of inner parts of the
seeds were placed on potato dextrose agar (PDA) plates. After 3-4 days an endophytic fungi was
isolated and identified as Penicillium purpurogenum of the family Trichocomaceae by its
microscopic and morphological characteristics. This fungus is characterized by its dark green
conidia and intense red coloured soluble pigment. Molecular studies are in progress to confirm the-
identity of fung1 A pure culture of the fungi in PDA media was inoculated in potato dextrose broth
(PDB) media in large scale (20 X 1 L conical flasks) and incubated at room temperature on
laboratory shakers. Media were filtered after 4 weeks and the filtrate was partitioned with
EtOAc/H,O to give the EtOAc extract. The residue was crushed and sequentially extracted into
EtOAc and MeOH (sonicator) to give EtOAc and MeOH extracts. All three extracts displayed
antioxidant and phytotoxic activities while only EtOAc extracts were toxic to brine shrimps. The
EtOAc extracts were chromatographed over silica gel, sephadex LH-20 and Preparative Thin Layer
Chromatography (PTLC) to give two UV-active compounds 1 and 2. These compounds were
identified as talaroconvolutin A (1) and 4-hydroxyacetophenone (2) by analysis of 'H &">*CNMR
data. Talaroconvolutin A has been reported from the fungus Talaromyces convolutes and its
hydroxyl derivative has been reported from Penicillium rubrum. This gave further evidence that
‘the endophyte belongs to the genus Penicillium. Further we have reported the isolation of p-
_ hydroxyacetophenone from the seed extract of P. campechiana. Thus, it is significant that
compound 2 was found in both in seeds as well as in the endophytic fungus P. purpurogenum from
P. campechiana. :

Mikania scandens: The white colored fungal strain NP-M1 was isolated (after the triple
sterilization process with 70% ethanol and 5% NaOCl) from the leaves of M. scandens, previously
identified by us as an allelopathic active plant. NP-M1was cultivated on a large scale on rice media
(28 days, 100g of rice x 16) and then extracted sequentially with EtOAc and acetone. Silica gel and
sephadex LH-20 column chromatography followed by PTLC on the combined EtOAc and acetone
extracts gave two sesqulterpene dilactones, identified as mikanolide (1) and dihydromikanolide (2)
using spectroscopic analysis (‘"H and >’C NMR, and FABMS) and by comparison with reported
data. Mikanolide (1) had been previously isolated from leaves of M. scandens by us and shown to
be a highly allelopathic active compound, with minimum inhibitory concentration of 0.083 pM/mL
in the lettuce seed germination bioassay. Isolation of 1 from the leaves of M. scandens as well as
from the endophytic fungal strain NP-M1 is of 51gn1ﬁcance The two compounds 1 and 2 had been
previously reported from the plant Mikania micrantha’, M. monagasensis and M. cordata, and
reported to show antibacterial activity against Staphylococcus aureus and B haemolytic
Streptococcus group A. It has also been reported that 1 and 2 enriched extracts showed DNA .
polymerase inhibitory activity.
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7.2.5.3 Fungi associated with Musa sp.: Chemistry and Bioactivity
H.M.S.K.H. Bandara, N.S. Kumar, U.L.B. Jayasinghe

Natural Products Project, Institute of Fundamental Studies, Kandy

Introduction

As a continuation of our studies on biologically active natural products, we investigated the
chemistry and bioactivity of secondary metabolites produced by a fungus associated with Musa
sp.The accidental discovery of the first antibiotic Penicillin from the mould Penicillium notatum
led to research on fungal metabolites. Several medicinally important drugs that originated from
fungi are now used widely in health and crop protection. These include taxol (antitumor);
mevinolin, lovastatin, pravstatin, simvastatin (cholesterol lowering); penicillin, amoxicillin,
ceftrixone, cephalosporin (antibiotics); cyclosporine (immune suppressant); ergotamine (facilitate
child birth), dynemicin (antitumor, antibacterial); griseofulvin (ring worm infections), pyrrolnitrin,
strobulirins (antifungal). Therefore secondary metabolites from fungi have a good potential to
produce bioactive compounds that will be of benefit to human beings.

Objective

The objec'ti\}e of this investigation is to study the chemistry and bioactivities of the fungus isolated
from the inner part of the peel of diseased Musasp:- -

Methodology and Results

The black coloured filamentous fungus Aspergillus niger was isolated from the inner part of the
peel of Musa sp by sub culturing on potato dextrose agar (PDA) medium. A pure culture of the
fungus was inoculated on PDB medium in 1L Erlenmeyer flasks (x 20) and PDA medium in 15cm
diameter petridishes (x 40). After 4 weeks, the PDB medium was filtered through a Buchner funnel
and extracted in to n-hexane and EtOAc. The residual mycelium was sequentially extracted into
EtOAc and MeOH (sonicator). The. PDA medium was extracted into EtOAc and MeOH. All these
extracts were subjected to bioassays for antifungal activity against C. cladosporioides by TLC
bioautography method; antioxidant activity against DPPH radical using TLC bioautography
method; brine shrimp toxicity against Artemia salina and phytotoxicity against Lactuca sativa.
Significant phytotoxicity and brine shrimp toxicity was observed in three EtOAc extracts obtained
from both PDA and PDB media. TLC analysis indicated the presence of the same compounds in
the three EtOAc extracts. Hence the extracts were combined and chromatographed using a
combination of chromatography over silica gel (n-hexane-EtOAC-MeOH), sephadex LH-20
(MeOH), reverse phase silica gel (RP) and RP-HPLC (H,O0-MeOH) to give flavasperone (1),
foncesinone A (2), aurasperone A (3), aspernigrin A (4), its N-(2-hydroxyethyl) derivative
(pestalamide C) (5) and a cephem derivative with a vinyl moiety (6). This is the first report of
natural cephem derivative with a vinyl moiety. Structures of the isolates were established by
analysis of 'H &'">C NMR and MS spectral data. Foncesinone A and aurasperone A were found to
be highly toxic to brine shrimp and pestalamide C was moderately toxic. None of the compounds
exhibited significant activity in the phytotoxic, antifungal and antioxidant bioassays. The Cephem
skeleton is present in a pharmacologically important group of compounds.
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Students Registered for M. Phil/Ph.D. at the PGIS, University of Peradeniya
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A.G.A.W. Alakolanga (M.Phil — IFS): Chemistry and bioactivity studies of Flacourtia
inermis and Punica granatum

H.M.S.K.H. Bandara (M.Phil — IFS): Isolation, structures and biological screening of
metabolites from Aspergillus niger associated with Musa sp.

G.G.E.H. De Silva (M.Phil — IFS): Chemistry and bioactivity of the secondary metabolites
isolated from the fruits of Aegle marmelos and Garcinia cambogia.

W.L.T. Fernando (Ph.D. — UoP): Isolation, purification and characterization of amylase and
lipase inhibitors from medicinal plants traditionally used for management of diabetes and
cardiovascular diseases

D.S.Jayaweera (M. Phil - [FS): Chemistry and bioactivity of some edible seeds

C.L. Kehelpannala (M.Phil — IFS): Studies on Chemical interactions between caffeine,
catechins and the fungus Monacrosporium ambrosium

R.M.W.C.K. Karunaratne, (M.Sc. — UoC): Chemistry and bioactivity of the fruits of
Averrhoa bilimbi

C. Liyanarachchi (M. Phil — UoP): Antidiabetic activity of Canarium zeylanicum, Osbekia
octandra and Piper betel and isolation of active principles
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9. D. Niyangoda (M.Phil. — IFS): Chemistry and bioactivity of some edible fruits

10. K.G.E. Padmathilake (M. Phil.-IFS). Chemistry and bioactivity of the secondary
metabolites isolated from the seeds of Pouteria campechiana and associated endophytic
Sfungi.

11. AM.D.A. Siriwardena, (M. Phil — IFS): “Chemistry and bioactivity of fungi associated with
the fruit of Limonia acidissima and Flacourtia indica”

12. T. Sritharan (M. Phil — IFS). Metabolites produced by the endophytic fungi from the fruits
of Carica papaya and Averrhoa carambola

Undergraduate trainees
1. Vihanga Illeperuma, University of Peradeniya. .

2. Nalin Ratnayake, Sabaragamuwa University Sri Lanka.
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1. Tharindu Rajasooriya (Pre University Student)
2. Chamod Dharmadasa (Pre University Student)
3. Vishakya Jayalatharachchi (I. Chem)
4. Kanchana Ratnayake (1.Chem)
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7.2.6 PLANT BIOLOGY

Project Leader: Dr. M. C. M. Igbal (Senior Research Fellow)
7.2.6.1 Bioremediation of environmental heavy metals

Description of the Project

Heavy metals are being used in various ways for at least two millennia. However, heavy metal
pollution in the environment has increased during the past few decades due to the excessive usage of
heavy metals after the industrial revolution. Heavy metal pollution can arise from many sources.
Industrial effluent/waste is the most common pathway by which the environment is contaminated.
Once emitted, these metals persist in the environment for a long period of time, causing severe effects
on the environment. Therefore, pre-treatment of effluents containing heavy metals before their
discharge into the environment is necessary to reduce environmental pollution and safeguard life on
earth. Although several physical/chemical conventional methods are available to remove heavy
metals from contaminated systems, their usage has been limited due to high cost. Phytoremediation
and Biosorption are low cost and environmental friendly biological techniques for the heavy metal
removal.

There are plants which have constitutive and adaptive mechanisms for accumulating and tolerating
high concentrations of heavy metals in their tissues. The use of such plants to cleanup soils and water
contaminated with heavy metals is known as phytoremediation. On the other hand, certain non-living
biomasses are able to remove metals from their surrounding environment by adsorbing them on to
their surfaces. This technique is called biosorption.

In our project, we are carrying out researches on different living plants and non-living biological
materials to determine their potential to phytoremediation and biosorption respectively, of selected
heavy metals such as chromium, lead, cadmium and nickel. The kinetics and the effects of different

From Left to Right: I. Perera, P.K.D. Chathuranga, D.M.R.E.A. Dissanayake,
Dr. M.C.M. Igbal, R.B. Hapukotuwa, S. Perera, M. Madanayake,
S.K. Weerasinghe
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7.2.6.1.1 Phytoremediation and Biosorption of Heavy Metals
M. C. M. Igbal', P. K. D. Chathuranga', N. Priyantha’, S. S. Igbal’

'Plant Biology Project, Institute of Fundamental Studies, Kandy, *Postgraduate Institute of
Science, University of Peradeniya, Peradeniya.’Department of Chemistry, Open University of
Sri Lanka, Nawala.

Introduction

Our environment is continuously being polluted due to various human activities. Among various
kinds of pollutants, excess levels of heavy metals have become a serious threat to life on earth.
Excessive discharge and disposal of untreated industrial effluents into the environment is the major
cause of heavy metal pollution. The use of available conventional decontamination techniques is
limited due to their high cost. Phytoremediation and biosorption are two biological, economical
and environmental friendly methods, which use living or non-living plants or plant parts to remove
heavy metals from the contaminated environment.

Objectives
Our objectives are to:
1. Determine the potential of selected living/non-living plants or plant parts to remove selected
heavy metals from contaminated soil and aqueous systems.
2. Identify a potential solution to desorb heavy metals from the biomass used in biosorption.

Results

Fimbristylis ovata from two different habitats (i.e. Ussangada and Pallekele) showed a similar pattern
of nickel uptake from serpentine soil and the uptake was enhanced by the application of
ethylenediaminetetraacetic acid (EDTA) into soil. . ovata from Ussangoda habitat also removed
lead from Gohagoda dump soil. Moreover, Evolvulus alsinoides took up nickel from a contaminated
soil. Non-living Hydrilla verticillata removed 67% of lead in an aqueous solution using a fixed bed
column. The biosorption capacity depended on the flow rate of the metal solution and the height of the
biosorbent column. A complete removal of lead from Hydrilla was obtained using sodium carbonate.
Further, non-living biomass of Azolla pinnata removed 97% of aqueous lead and fern
Nephrolepisremoved 90% of aqueous cadmium. An aqueous solution of sodium carbonate and EDTA
desorbed lead from Azolla completely
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Collaborators

1. Prof. Namal Priyantha, Postgraduate Institute of Scienoe, University of Peradeniya,
Peradeniya.
2. Prof. Sithy S. Igbal, Department of Chemistry, The Open University of Sri Lanka, Nawala.

Human Resource Development
Registered for M.Phil/M.Sc.at the PCIS, University of Peradeniya

1. P. K. D. Chathuranga, M.Phil., Title: Uptake of Heavy Metals by nonliving biomass and
removal of metals by selected plant species. 2013.

2. Rasika Dissanayake, M.Sc., Title: Removal of Pb(Il) from aqueous solutions by
Hydrillaverticillata using a fixed bed column: biosorption and desorption studies, 2013.

3. Ms. W. P. Sugandika Kumari, M.Sc. (Post Graduate Institute of Agriculture)

Undergraduate trainees
e Ms. Medha Prabashini — University of Sri Jayewardenepura, from October/2012 to
February/2013 (Full time)
* Ms. Ruwini Samarakkody — University of Ruhuna from October/2013 to date (Full time)
e H.C.D. Wijayawardhana.-. Rajarata University of Sri Lanka, Mihintale.

- Volunteer: Mr. IndikaPerera

7.2.6.2 A Comparative Study on Floristic Diversity, Structure and Dynamics of
_Tropical Dry Mixed Evergreen Forests in Sri Lanka

Description of the Project

Approximately 54% of tropical forests in Sri Lanka are classified as tropical dry mixed evergreen
forests (TDMEF). Except for a handful of grey literature, so far no comprehensive phyto-
sociological studies linking with socio and agro-ecology have been done in the dry zone of Sri
Lanka.

Forest vegetation is the matrix in which the biological diversity at ecosystem, species and genetic
levels are developed and sustained in relation to land use, terrain, soil and rainfall heterogeneity of
an area. According to the latest agro ecological region (AER) map of Sri Lanka, the entire dry
zone has been divided into eleven distinct sub zones depending on rainfall, land use, terrain and
major soil groups. If so, then TDMEFs in different AERs in the dry zone would also reflect this
difference and exhibit distinct floristic characters. Consequently, it is apparent that the rising
socio-economic impacts from development activities, human settlements, irrigation systems,
agricultural projects, wild fires and alien plant introductions have extenswely fragmented and
degraded TDMEFs of Sn Lanka

This research project is pnncnpally focused on identifying phyto-sociological and socio-ecological

variations of TDMEFs in two different AERs (Hurula and Nuwaragala) which show different -

disturbance regimes. The study will select the IFS-Popham arboretum in the dry zone as another
study site in which restoration options has been already adopted. Plots and transects will be used to
assess phyto-sociology (in detail) and soil properties of these forest reserves. ~ Socio ecology of
local communities living in and around the above forest reserves will be studied using a
questionnaire survey. It is expected that the key - outcomes of ‘this study will assist the
implementation of sustainable and efficient b10d1vers1ty conservation strategy in the dry zone of Sri
Lanka.
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7.2.6.2.1 Phytosociology of Restored Forests in Dry Zone: A Contribution to Tropical
Dry Forest Restoration of Sri Lanka

W.W.M.A.B. Medawattel, M.CM Iqball, M.W.S. Ranwala®

!Plant Biology Project, Institute of Fundamental Studies, Kandy, Sri Lanka, *University of
Colombo, Sri Lanka

Introduction

Forest agrarian systems (chena/ shifting/ swidden/ slash and burn cultivation) are most ancient and
widely distributed practice, which has degraded several thousand hectares of tropical dry forests in
Sri Lanka. Forest recovery of these areas into its previous stage with primary forest species was
delayed and forest restoration would be a challenge to forest managers and conservationists.

Although seeds are available, rapid colonization of light demanding thorny scrub thicket, creepers,
weeds and grass communities (early pioneer species) suppress or delay the natural regeneration of
late-successional tree species seedlings through above and below ground competition
(Weerawardana 1999). Popham (1993) introduced a sustainable low cost silvicultural method
combined with mango Mangifera indica as a nurse-tree, which assist the growth of naturally
regenerated and selected emerging late-successional tree species by slashing and clearing away the
early pioneer species in regular time intervals in the year.

Aim and Objectives

The aim of this study was to evaluate the effects of Popham low cost silvicultural methodon natural’

regeneration of dry zone primary forest species in Popham Arboretum at Drambu‘lla in Sri Lanka.
To this end, following objectives were studied; : :

1. Determines the effect of over-storey nurse-tree plantation on naturally régenérated dry
forest tree species richness and diversity. B » R
2. Comparison study on floristic diversity, composition and structure of. restored and

abandoned dry forests after chena cultivation. - - ‘ :
3. Preparation GIS map of Popham Arboretum including all spatial and temporal details.

Results

In sample plots (0.28 ha) of the restored forest, 60 tree species were enumerated representing 53
genera, 29 families and among them 6 (10%) species are endemic to Sri Lanka while 49 (82%)
were naturalized and 5 (8%) exotics. Density of nurse-trees (mango) were 50 trees/ha. Highest
tree species richness was recorded in plots with nurse-trees compared to plots without nurse-trees,
51 and 38 tree species respectively. Regenerated tree species diversity among plots ranged from
1.47 and 2.58. Plots with nurse-trees, where the average tree species diversity was at the
significant (P<0.05) highest level (2.34+0.06) compared to plots without such trees
(1.9840.12,figure 1). Pioneer thomy scrub thicket and early successional tree species of
Memecylon umbellatum, Gmelina asiatica, Maytenus emarginata, Phyllanthus polyphyllus,
Diplodiscus verrucosus and Eugenia bracteata were most abundant in plots without nurse-trees
compared to with nurse-trees. Tree species of Ixorapavetta, Cassine glauca, Glycosmis mauritiana,
Pleurostylia opposite, Haldina cordifolia and Psydrax dicoccos were most abundant in the nurse-
tree plots.

Plant identification, plant specimens mounting on herbarium sheets is being done in the IFS lab.
Data entering and analyzing is being carried out by using R and primer statistical software. Detail
map of the Popham Arboretum is being prepared using GIS software.
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Diversity index

With nurse tree Without nurse tree

Figure 1.Means and standard error mean of tree species diversity indices. A two-sample t-test for
independent samples showed that the mean diversity indices has significant different in restored area
with and without nurse-trees in Popham arboretum, Dambulla (t=2.64, d.f =9, P=0.028).

Reference
I. Teegalapalli K., Gopi, G. V., Prasanna K. Samal. Forest recovery following shifting
cultivation: an overview of existing research. Tropical Conservation Science. 2009, 2(4).
374-387.

2. Weerawardana, N. D. R. Natural regeneration of some dry zone forest species assisted by
silviculture management in dry zone woodland at Dambulla. The Sri Lanka Forester.1999,
23(3&4),7-17.

Mr. R. B. Hapukotuwa (Lab attendant) and Mr. A. B. Medawatte (Research assistant) taking DBH
measurements of trees in Popham arboretum Dambulla.

Collaborators
l. Dr. M.W.S. Ranwala, Department of Plant Sciences. University of Colombo

Human Resource Development

M.Phil. students
1 Mr. G.D.A. Nalaka. (leftin February, 2012).
2. Mr. A. B. Medawatte, Dept. of Plant Sciences, University of Colombo.

Undergraduate trainee

Ms. Ajani Rupasinghe, University of Rajarata, (January 2013 to July 2013)
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7.2.6.2.2 Preparing a dengue risk map for a sub-urban area in Sri Lanka
M.P. Madanayake', J. Gunatilake’, S. Wijesundara °, P.H.D. Kusumawathi', M.C.M. Igbal '

'Plant BiologyProject, Institute of Fundamental Studies, Kandy, ’Postgraduate Institute of
Science, University of Peradeniya, ’Medical Officer of Health, Gampola, ‘Anti-Malaria
Campaign, Watapuluwa

In this study we have focused on understanding a methodological framework to identify dengue risk
geographically by using climate and socioeconomic parameters. To have a systematic approach in
intervention programs, identification of threat areas due to dengue cases are important. The maps
were geo-coded with addresses showing where the infected people live. This partially represents the
transmission process only due to the geographic risk. Identified weather and socio-economic factors
were mapped in a sub-urban area, Gampolaat the village level. With surveillance data for
communicable diseases in place, public health professionals can use GIS to develop more effective
programs to control the disease (Cromley and Mclafferty 2012). Dengue disease transmission can
happen outside the residence.The data were obtained as physician confirmed dengue cases. All the
raster maps were combined together and spatial models were prepared using Geographical
Information System (GIS) to identify the risk areas. Geographically the risk areas were identified as
urban to rural regions by the Dengue Risk Map (DRM).

A high percentage of concrete slabs and asbestos roofed houses were identified as dengue positive
during the field visits. Concrete roof slabs were identified with a high number of mosquito breeding
places during the rainy season. In houses with asbestos roofs the larvae were found in blocked rain
gutters, which were inadequately cleaned. Thatched houses were identified as almost null in
mosquito breeding. A spatial analysis of dengue in Thailand reported that the risk of DF was

geographically homogenous and associated with
housing types and poor garbage disposal (Thammapalo
et al. 2008). Housing style was strongly related to the
number of water jars and discarded items.

Sufficient open space in some dwelling types with many
discarded items could be easily filled with rain water,
which can create mosquito breeding sites. Humans are
the reservoirs for the viruses and transportation leads to
dengue spreading rapidly. Mapping the education level
was identified as the awareness of the people to the
disease.

o
Nowasraeiys

When the supply of water is not constant, people tend

to store water using all possible containers. In the study oy e

area houses which received water from mainline were B = s manen

found to store water in all possible containers. This i SN ‘ !
leads to mosquito breed due to irregular cleaning of the ——
containers. The supply of water from a source outside

and adjacent to the premises involved storing of water DRM with assigning weights

for a short period. Households which had water supply from the premises by a deep-bore well or an
open well were identified as of less risk since they do not store water for long time. A similar study by
Bohra and Andrianasolo (2001) in India identified socio-economic factors in a community in
Rajasthan as the major cause for vector breeding. Dengue is largely an urban disease and often found
in urban communities with poorly managed water and solid-waste systems with poor vector control.
In highly urbanized communities, high concentrations of people live in relatively small geographic
spaces. As the density of people increases, the critical mass of transmissibility also goes up.

)



This study found that environment factors and socioeconomic factors are very important spreading
dengue cases in the study area. In order to obtain a higher accuracy DRM it is recommended to
obtain clinically diagnosed dengue incidences. Dengue disease transmission can happen outside the
residence. An identified drawback of the data system was dengue confirmation was not done
clinically and systematically during the study period.

References

1. Bohra, A. and Andrianasolo, H. Application of GIS in modeling of dengue risk based on
socio cultural data in Jalor, Rajasthan in India. Dengue Bulletin, 2001, 25, 92 — 102.

2. Cromley, EK. and Mclafferty, S.L. GIS and public health. 2™ edition. (A Davidson of

~ Guilford publications, inc). 2012,

3. Thammapalo, S., Nagao, Y., Sakamoto, W., Saengtharatip, S., Tsujitani, M., Nakamura,
Y., Coleman, P.G. and Davies, C. Relationship between Transmission Intensity and
Incidence of Dengue Hemorrhagic Fever in Thailand. PLoS Negl Trop Dis, 2008, 2(7):
€263.

Collaborators

1. Dr. ]J. Gunatilake, Postgraduate Institute of Science, University of Peradeniya
2. Dr. S. Wijesundara, Medical Officer of Health, Gampola
3. Dr. P.H.D. Kusumawathi, Anti-Malaria Campaign, Dutugamunu Mawatha, Watapuluwa

Human Resource Development

M.Phil student: M. P. Madanayake, Postgraduate Institute of Sciences, University of
Peradeniya

Undergraduate trainees
e H. Delvinne, Dept. of Zoology, University of Colombo.
e M.H. Navoda Mihiraj, Dept. of Agricultural Engineering, Faculty of Agriculture,
University of Ruhuna.
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7.3 ENVIRONMENTAL AND EARTH SCIENCES

7.3.1 PRIMATE BIOLOGY AND BIODIVERSITY CONSERVATION
Project Leader: Dr.W. P.J. Dittus (Visiting Senior Scientist)
Description of the Project

This is an overview of our research program that has been ongoing for many years. The program
involves observational studies of monkeys (primates) in their natural forest habitats, especially at
Polonnaruwa. We aim to establish new knowledge concerning the biological foundations for social
behaviour in primates (including humans). Behaviour touches many aspects of biology and
therefore our aim has interdisciplinary ramifications. Past publications, for example, have
addressed the interrelationships among social organization, genealogy, ecology, genetic diversity
and environmental change. In particular we are interested in measuring the effects of such variables
on the Darwinian fitness and demography. For example, our research was the first to establish an
actuarial life-table for primates and showed that social behaviour influences individual differences
in survival, breeding success and physical growth. Such data are used to test current socio-
biological and evolutionary hypotheses and have broad relevance in science and conservation.

In practice, to investigate the phenomenon of social evolution we have identified more than four
thousand macaque individuals (living plus dead), distributed among 34 different social groups at
our study site. For each macaque, we have traced its behavioural, genealogical, ecological and
demographic history. In addition, we have completed the patrilineal identification of about 1,500
macaques. Our methods are similar to those of actuaries; linking variables of behaviour and
environment to those of survival. To this end, we require large samples over extended periods of
time to assure statistical soundness. Some years ago we have begun similar investigations of the
gray and purple-faced langur at your research site at Polonnaruwa. New studies focus on the
slender loris as well. :

Our research has practical applications relevant to Sri Lanka’s national development. For example,
we have shown (in collaborations with veterinarians from the University of Peradeniya) the
important relation between human and primate diseases, such as dengue fever, toxoplasmosis,
cryptosporidium and other infectious diseases. At another level we also are proactive in nature
conservation and in outreach educational programs to local communities. We have assisted local
government in mitigating the conflict between humans and monkeys. We have contributed
awareness of conservation issues by way of local media and school outreach nature education
programs. Finally, our research has been broadcast globally through high quality documentary
films in a bid to educate the public and win human sympathy and support for nature conservation.
Our films have given Sri Lanka a positive image in the international political and economic arenas,
and have drawn tourists to the country.

7.3.1.1 Arboreal adaptations of 'body fat in wild toque macaques (Macaca sinica)
and the evolution of adiposity in primates

W. P. J. Dittus

Institute of Fundamental Studies, Kandy, and Smithsonian Conservation Biology Institute, USA

There is a paucity of information on body composition and fat patterning in wild nonhuman
primates. Dissected adipose tissue from wild toque macaques (Macaca sinica) (WTM), feeding on
a natural diet, accounted for 2.1 % of body weight. This was far less than fatness reported for
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nonhuman primates ra1sed in captmty or for contemporary humans In WTM fatness mcreased
with age and diet richness, but did not differ by sex. In WTM (none of which were obese) intra-
abdominal fat filled first, and “excess” fat was stored peripherally in a ratio of about 6:1.
Intermuscular fat was minimal (0.1%). The superficial paunch held <15% of subcutaneous fat
weight in contrast to its much larger proportions in obese humans and captive monkeys where most

- added fat accumulates subcutaneously. With increasing total adiposity, accumulating fat shifted in

its distribution among 8 different main internal and peripheral deposit areas - consistent with
maintaining body balance and a low center of gravity. The available data suggest that, in arboreal
primates, adaptations for agile locomotion and terminal branch feeding set constraints on the
quantity and distribution of fat. The absence of a higher percentage of body fat in females and
neonates (as are typical of humans) suggests that arboreal adaptations preclude the development of
fat-dependent, large-brained infants and the adipose-rich mothers needed to sustain them. The
lifestyle and body composition of wild primates represent a more appropnate model for early
human foragers than well-fed captive monkeys do. ' .

Reference _
1. American Journal of Physical Anthropology, 2013, 152, 333-344.

7.3.1.2 A call to 'align' the management of Sri Lanka’s heritage sites with ancient
cultural values and UNESCO policy

W.P.J. Dittus' and K.A.S. Gunathilake®

Instztute of Fundamental Studies, Kandy, 'Smithsonian Conservation BzoIogy Institute, USA,
*4ssociation for the Conservation of Primate Diversity, Sri Lanka

| The preservation of Sri Lankas ancient cultural heritage would benefit from a more balanced

distribution of emphasis in management and conservation among the different elements that

constitute this heritage. The elements of the ancient civilization includes not only (a) the physical

remnants of monuments and artifacts, (b) the tanks and irrigation systems, but also (c) the living

forest gardens, and the natural environment that buttressed the quality of ancient life. Currently,

most archaeological attention and resources are focused on the reconstruction and preservation of
ancient stone monuments, infrastructural modernization and tourist management. The ancient
cultural heritage, however, extends far beyond monuments.

Forest gardens, for example, were an integral part of the ancient civilizations of South Asia. In Sri
Lanka, historical evidence for their existence is widespread being associated with at least 27 sites,
the most prominent are known from Sigiriya, Mihintale, Sithulpawa. Rithigala and Polonnaruwa.
Their antiquity in Sri Lanka goes back to at least King Mutasiva’s period (307-247 BC)
(Mahavamsa: Geiger 1912), and their importance to spiritual life was indicated by king
Devanampiyatissa (246-206 BC) who venerated the Buddha with a symbol of natural forest when
he planted the Bodhi tree in his father’s Maha mevna uyana. Forest gardens were prominent in
secular life as well. For example, in the Chulavamsa it is written that King Parakrama Bahu (1153-
1186 AD) built a garden of fruit (palaarama) at Lakssha uyana at Polonnaruwa. Other gardens
emphasized the esthetic with flowers (pushpaarama) and physical comfort and relaxation with
shade trees (punjarama). In his book “A Selection of Indigenous Trees for Traditional Landscape
in Sri Lanka” Professor Nimal De Silva illustrates many of the tree and plant species that were
important in antiquity and included many varieties of mango that currently are no longer available
through modern neglect. Not only were forest gardens an integral part of daily spiritual and secular
life, but the importance of the natural world in general was appreciated and extended far beyond
managed forest gardens.

In step with Sri Lanka’s Buddhist and Hindu religious traditions, the Mahavamsa chronicles reveal
that the anc1ent kmgs of Sr1 Lanka were hlghly valued the natural world around them As far back
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as at least 24 AD, King Amanda Gamini (19-29 AD) banned the killing of all animals. Others, like
King Nissanka malla (1187-1196 AD), forbade the destruction of life on land, in the air, and in all
waters of his extensive kingdom, and extended this protection to some native trees. Evidence for
these royal decrees are found carved in stone among the archaeological remnants of these kings'
palaces and temples at Polonnaruwa, Mihintale and Anuradhapura. The king's' proclamations over
many centuries were the equivalent to the establishment of the world's first official nature sanctuaries.
Given this ancient tradition, it is particularly poignant that, aside from rhetoric, Sri Lanka's natural
heritage is losing ground to narrow interests. The ongoing neglect and even trashing of the natural
aspects of Sri Lanka's heritage sites is at odds with ancient cultural precedents and UNESCO
guideline qualifications.

Collaborators

I. Prof. R. P. V. Jayanthe Rajapakse. Professor of Parasitology and Head of the Department of
Pathobiology, University of Peradeniya. Peradeniya.

Dr. Ashoka Dangolla, Faculty of Veterinary Medicine and Animal Health, University of
Peradeniya.

Professor Peter Nuernberg, Cologne Center for Genomics CCG, University of Cologne,
Germany

!J
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Human Resource Development

In contrast to earlier years. local outreach educational programs in the Polonnaruwa area were
minimal in 2013 because our field staff resources were diverted for the production of documentary
films in collaboration with Disney Productions and the BBC. These documentaries, with their
entertaining and educational qualitics reach a television audience in the millions of people globally
with an imbedded subtle message of a need for the conservation of nature. Local school programs
will be reinstated in 2014.

Figure 1. Primate infants, such as this toque macaque (Macaca sinica), are born with virtually no
body fat, thereby lessening the weight burden for mothers who carry them through trees. But this
weight restraint also limits infant brain development, sharply contrasting human infants, which are
the fattest of all mammals at birth. Human infant and maternal fat stores are critical as fuel for rapid
infant brain development. The evolution of hominids hinged on the abandonment of arboreal life and
ashift towards weight friendly terrestrial habits (Dittus, W. P.J. (2013). Arboreal adaptations of body
fat in wild toque macaques (Macaca sinica) and the evolution of adiposity in primates. American
Jouwrnal Physical Anthropology 152:333-344. DOI: 10.1002/ajpa.22351 (Photoby Barney Wilczak).
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7 3 2 CHEMICAL AND ENVIRONMENTAL SYSTEMS MODELING

Project Leader: Dr. Meththika Vithanage (Research Fellow)

The Chemical and Environmental Systems Modeling Research Group works on understanding
chemical processes in solid solution interface, assess, characterize, monitor water and soil
pollution, salt water intrusion and model the systems in order to find solutions for human benefit.

Natural dissolution of serpentine; Possible toxic element leaching to the environment

This project began in the latter part of the year 2009 and the aim of the research was to understand
the mechanisms of natural dissolution of heavy metal species such as Cr, Ni and Mn from
serpentine soil. The research project is partially funded by a grant from the International
Foundation for Science, Sweden.

Monitoring landfill leachate and its treatment using nano zero valent iron (NZVI)

This study began in 2010 and is a long term on-going study. Characterization of landfill leachate
and soils from Gohagoda and Gampola solid waste dumps is undertaken. Air stable NZVI was
synthesized using different organic compounds to see their potential for landfill leachate treatment.
The project is partly supported by the JICA. About 37 million JPY worth of equlpment was
received and installed successfully in 2013.

Biochar for environmental remediation

Preliminary research began in 2012 and is on-going. The project was awarded a grant from the
Ministry of Technology and Research in 2013. The focus of this research is to investigate
characteristics of different biochars produced by various waste resources in Sri Lanka for pesticide
remediation. Prof. Dinesh Mohan (PI from India) of Jawaharlal Nehru University, India visited the
IFS during 2013. Biochar Research Initiative in Sri Lanka was inaugurated with a talk given by
Prof. Mohan.

Perchlorate mobilization of metals and organics; Implications for Martian regolith

This research began in 2013. Perchlorate, a powerful oxidant, is not readily absorbed in minerals or
organic surfaces. Martian soils show a higher concentrations of perchlorate (0.4 — 1 % ClO, ) than
- Earth. From 1976, scientists have been trying unsuccessfully, to find organics from Mars surface.
The aim of this study is to understand perchlorate interactions in soil as an environmental hazard on
metal mobilization as well as its capablhty of destroymg organics in Martian regolith on the basis

of model soils.
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7.3.2.1 Metal ion release from serpentine soils in Sri Lanka

Meththika Vithanage'", Anushka Upamali Rajapaksha', Christopher Oze’, Nishén_tﬁ
: ~ Rajakaruna’ and C.B. Dissanayake' '

"Chemical and Environmental Systems Modeling Research Grodp, Institute of Fundamental
Studies, Kandy, *Department of Geological Sciences, University of Canterbury, Private Bag 4800,
Christchurch, New Zealand, *College of the Atlantic, 105 Eden Street, Bar Harbor, ME 04609,

. US4 -

Ultramafic rocks and their related soils (i.e., serpentine soils) are non-anthropogenic sources of
metal contamination. Elevated concentrations of metals released from these soils into the
surrounding areas and groundwater have ecological, agricultural, and human health related
consequences. Here we report the geochemistry of four different serpentine soil localities in Sri
Lanka by coupling interpretations garnered from physicochemical properties and chemical
extractions. Both Ni and Mn demonstrate higher release rates in water from the Ussangoda soils
compared to the other three localities with Ni and Mn metal release increasing with increasing
ionic strengths at all sites. Sequential extraction experiments, utilized to identify 'elemental pools’,
indicate that Mn is mainly associated with oxides/(oxy)hydroxides, whereas, Ni and Cr are bound
in silicates and spinels. Nickel was the most bioavailable metal compared with Mn and Cr in all
four soils, with the highest value observed in the Ussangoda soil at 168 + 6.40 mg kg! via the
0.01M CaCl, extraction. Although Mn is dominantly bound in oxides/(oxy)hydroxides, Mn is
widely dispersed with concentrations reaching as high as 391 mg kg (Yudhaganawa) in the
organic fraction and 49 mg kg' (Ussangoda) in the exchangeable fraction. Despite Cr primarily
retained in the residual fraction, the second largest pool of Cr was in the organic matter fraction;
693 mg kg in the Yudhaganawa soil. More critically, no significant levels of hexavalent Cr release
were observed indicating natural attenuation, potentially related to the organic fraction. Overall,
our results support that serpentine soils in Sri Lanka offer a highly labile source of metals to the
critical zone.

7.3.2.2 Monitoring landfill leachate and its treatment using NZVI
S.S.R.M.D.H.R. Wijesekara", B.F.A. Basnayake’ and Meththika Vithanage'

!Chemical and Environmental Systems Modeling Research Group, Institute of Fundamental
Studies, Kandy, *Department of Agricultural Engineering, University of Peradeniya

Gohagoda is an open waste dumping location at the world heritage city of Kandy in Sri Lanka. The
leachate directly flows to the Mahaweli river which is the main water source for the entire province
due to the absence of a proper lining system or any treatment mechanism before disposal. Hence,
this study focused on characterization of leachate generated from Gohagoda dumpsite and
treatment of the leachate using nano materials. Leachate samples were collected monthly
throughout dry and rainy seasons from different points. The synthesized NZVI were characterized
with advanced techniques. Comparison studies were carried out with four different nanomaterials
to determine efficiency for treating landfill leachate. Series of batch, column and kinetic
experiments were performed for actual leachate from Gohagoda and synthetic leachate for metal
removal studies. Leachate characteristics confirmed its methanogenic nature and exceeds many
allowable limits"of Sri Lankan waste water discharge standards. Of the samples tested, starch-
NZVI andf:rijercaptoacetic-NZVI performed well for treatment of both COD and metal mixture.
The removal percentages for COD, nitrate and phosphate from Starch-NZVT were 50, 97 and 99%
respectively from batch experiments. Heavy metal removal was higher for S-NZVI (>95%) than
other nano materials used. Hence, it can be proposed that the tested mercapto modified NZVI can
be used as an integrated method for the landfill leachate treatment.
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v7.3.2.3 Development of biochars from tea residues and their application in
carbofuran removal from water

S.S. Mayakaduwa', Dinesh Mohan’, A. Karunaratne’, Meththika Vithanage"

'Chemical and Environmental Systems Modeling Research Group, Institute of Fundamental
Studies, Kandy, Department of Agricultural Engineering, Faculty of Agriculture, University of
Peradeniya, “School of Environmental Sciences, Jawaharlal Nehru University, New Delhi, India

Excessive use of pesticides has led to soil and water pollution. Carbofuran has been widely used in
many countries including Sri Lanka. The objective of the present investigation was to develop
biochar from disposable infused tea residue for carbofuran remediation from water. Locally collected
infused tea waste was pyrolyzed at 300 and 700 'C. Developed biochars (TWBC300 and TWBC700)
were characterized for pH, EC, CEC, moisture, mobile matter, resident matter and ash contents.
Sorption experiments were conducted at different pHs and in 5-100 mg/L carbofuran concentration
range using 1.5 g/ biochar dose. Ash content, pH, EC, and resident matter were higher in TWBC700
while CEC and mobile matter content decreased at 700 °C than in TWBC300. This increase may be
due to the secondary decomposition and alkali residues formation at 700 C. In the pH range of 3-5,
carbofuran uptake had increased. The maximum adsorption was observed at pH 5 and then it started
to decrease. Carbofuran removal was higher by TWBC700 than that of TWBC300. Adsorption
capacity increased with rise in carbofuran concentration. Maximum adsorption capacity of 19 mg/g
and 15 mg/g was achieved by TWBC700 and TWBC300, respectively. The infused tea residue
biochars may be used for carbofuran remediation from contaminated water.

Heating rate
7 °C/min

[i]
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7.3.2.4 Perchlorate mobilization of nickel and organics in serpentine soils;
Implications for Martian regolith

S. M. P. R. Kumarathilaka', Christopher Oze?, S. P. Indraratne’, Meththika Vithanage'*

!Chemical and Environmental Systems Modeling Research Group, Institute of Fundamental
Studies, Kandy, *Department of Geological Science, University of Canterbury, Christchurch, New
Zealand, *Department of Soil Science, Faculty of Agriculture, University of Peradeniya

The perchlorate concentration in the Martian soil regolith (0.4-1 % ClO,") is significantly higher
than on Earth. Perchlorate, a powerful oxidant, does not readily absorb in minerals or organic
surfaces. From 1976, scientists were trying to find organics from Mars surface and several missions
were placed with highly sophisticated instruments for analyzing soils from Mars with the objective
of finding out whether or not organic compounds exist on the surface of the planet Mars. Yet
nothing has been successful, and none of the missions found definitive evidence of Martian organic
material. However, the ochloromethane and dichloromethane detected were suggested to have
resulted from the combustion of perchlorate and soil organics. A more fundamental understanding
is needed on the role of perchlorate and chlorate in such soils. Hence, the objective of this study is
to obtain a fundamental understanding of perchlorate on metals and organics in Martian soil using a
model soil, serpentine, which is quite frequently found on the surface of Mars. Kinetic experiment
was conducted for the serpentine soils collected from Wasgamuwa and Ussangoda, Sri Lanka with
the presence of different ClO, concentrations, 1, 0.75 and 0.5 (w/v) respectively. Total Organic
Carbon (TOC) and released Ni concentrations were measured at different time intervals until 11
days as a part of a long term study. The results showed a high Ni release for Wasgamuwa
serpentine soﬂ 35.20, 31.06 and 28.18 mg kg" compared to Ussangoda soil, 16.90, 15.47 and
1446 mg kg with the presence of different ClO,” concentrations, 1, 0.75 and 0.5 (w/v),
respectively. Removal of TOC was observed as 54.92 and 54.87 % for Wasgamuwa soil and 62.1
and 54.14 % for Ussangoda soil with the presence of different ClO,™ concentrations, 1 and 0.5
(w/v), respectively. The findings of this study indicated that the ClO,4 interactions in soil may lead
to Ni mobilization as well as removing/destroying organics in the Martian regolith. Long term
experiments are on-going.

Collaborators

1. Prof. Y.S. Ok (Director, Korea Biochar Research Center, Environmental Remediation and
Restoration Laboratory, Kangwon National University, Korea)

2. Dr. Christopher Oze (Department of Geological Sciences, University of Canterbury, New
Zealand)

3. Dr. Dinesh Mohan (School of Environmental Sciences, Jawaharlal Nehru University, Dew
Delhi, India)

4.  Prof. Nishanta Rajakaruna (College of Atlantic, Bar Harbor, ME, USA)

5.  Prof. Ken Kawamoto (Graduate School of Science and Engineering, Saitama University,
Japan)

6.  Prof. B.F.A Basnayake, Dr. A. Karunaratne and Dr. M.IM. Mowjood (Department of

Agriculture Engineering, University of Peradeniya, Sri Lanka)

Dr. Herath Manthrithilake (International Water Management Institute, Sri Lanka)

Prof. S.P. Indraratne (Department of Soil Science, University of Peradeniya, Sri Lanka)

9.  Prof. Gemunu Herath (Department of Civil Engineering, University of Peradeniya, Sri
Lanka)

o N

Collaborative research projects

1. Biochar for the remediation of antibiotics from soil and wastewaters: A research .
collaboration with the Kangwon National University, Korea (ongoing).




2. SATREPS (Smence and Technology Research Partnershxp for Sustamable Development)
UoP, Saitama University, UoR — JICA - JST grant for 5 years on Waste Dumping Sites in
Sri Lanka (ongoing).

3. Indo-Sri Lanka Bi-Lateral Research Project on tea residue biochar for pesticide
remediation in water and soil for 3 years (ongoing).

Human Resources Development
Post graduate degrees obtained in 2013

1. Mr. S.S.RM.D.H.R. Wijesekara — MPhil., PGIS, University of Peradeniya
Title of thesis:Application of nano zero valent iron for the treatment of landfill leachate
generated from Gohagoda municipal solid waste dumps:te

2. Ms. D.M. Wijesundara - MSc, PGIS, University of Peradeniya
Title of thesis: Soil and water contamination from Tannery waste: Fate, distribution and
remediation of Chromium .

,Resenrch Assistants

1. Mr. S.S.RM.D.H.R. Wijesekara (MPhil, 2013-PGIS, University of Peradeniya) .

2. Mr. SM.P.R. Kumarathilaka (MPhil Student, Pending Registration at PGIS, University of
Peradeniya)

3. Mr. Indika Herath (MSc Student, PGIS, University of Peradeniya)

4. Ms. S.S. Mayakaduwa (Indo-Sri Lanka grant, MPhil Student, Pending Registration at
PGIS, University of Peradeniya)

~ MSc Students

Ms A Thllakarathna (PGIS, University of Peradeniya)

Ms. U Amanda (PGIS, University of Peradeniya)

Mr. Namal Wickramasinghe (PGIS, University of Peradeniya )
Ms. KHTDKumarasinghe (PGIS, University of Peradeniya )

Ms. DM Wijesundara (MSc, 2013-PGIS, University of Peradeniya)

Undergraduate Trainees ‘ _
Mr. 1.G.J.C. Harischandra (Department of Chemical Engineering, University of Peradeniya)
Ms. LN.K. Darandakumbura (Faculty of Science, University of Peradeniya)

Volunteers
Mr. AM.S. Wickremasinghe

T T T T P T A S R K T g O A

T Y Y Y S Y

T Y I e S S e S




B LR oo e SATEE SR i

— SORIEAIEORI =R R Ll

7.3.3 ECOLOGY AND ENVIRONMENTAL BIOLOGY

Project Leader: Dr. S. P. Benjamin (Senior Research Fellow)

Description of the Project

The loss of quality habitats due to anthropogenic causes like over population, habitat degradation and
climate change demands the urgent attention of biologists. The focus of our project is thus the study of
the mega diverse fauna and flora of Sri Lanka. The primary focus however is the largely unchartered
fields of invertebrate and small plant biodiversity. Arthropod diversity estimates can be useful as
indirect assays of ecosystem function or productivity or as direct estimators of ecosystem responses
to human induced change. The groups of our focus are still pseduoscorpions, spiders and orchid
groups of high conservation necessity.

All research projects commenced in or around June 2009. The study of goblin spiders was initiated in
2012. One post doctoral scientist, one research assistant and several volunteers from all over the
island are being trained as part of these projects. Research collaborations have been established with
local as well as international research institutes (University of Rajarata, Sri Lanka; University of
Peradeniya, Sri Lanka; University of Kelaniya, Sri Lanka; University of New Hampshire, USA;
University of Arizona, USA; Zoologisches Forschungsmuseum Alexander Koenig, Germany).

Many projects focus on the collection and characterization of soil invertebrates with a worldwide
focus. Currently we are undertaking fieldwork in various part of the island. Methodology includes

Post-doctoral Research Fellow: Dr. Crisenthiya 1. Clayton
Research Assistant; Miss. Sasanka L. Ranasinghe
Senior Technical Officer: Mr. Namal Atukorala

Volunteer Research Assistant: Miss. Sachini Perera

Collection manager / Technical Officer: Miss. Samanmadhu Weerakkody

7.3.3.1 Systematics, Biogeography and Evolution of Stephanopinae Crab Spiders
(Araneae: Thomisidae)

S. P. Benjamin and C. 1. Clayton

Ecology and Environmental Biology Project, Institute of Fundamental Studies, Kandy

Spiders (Araneae) are the second largest order after Acari, within Arachnida. Crab spiders (Family:
Thomisidae) is a specious family which includes 2123 described species in 175 genera. Recent
fieldwork, conducted around the globe (Sri Lanka, Madagascar and South America) by various
institutions suggests that this is only a fraction of its true diversity. Crab spiders are mainly active
during the day and ambush insects with their well-adapted first and second pairs of legs. Thomisids
arc behaviorally versatile, exhibiting complex behaviors, like their remarkable ability to change
color, myrmecomorphism, and sociality. Understanding the phylogenetic structure of this large
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family has always been problematic. Most published papers on higher-level thomisid relationships
present poorly substantiated relationships. Their conclusions are based mostly upon inductive
reasoning. Through this Project, we aim to provide a stable phylogenetic hypothesis for the family
Thomisidae by analysis of morphological and DNA sequence data. This study will also form the
basis of future revisionary work of the family, its biodiversity and conservation. To date we have
images all type material of species of the genus Stephanopis from Australia. Preliminary data
suggest that Australasian Stephanopinae may form a monophyletic radiation.

7.3.3.2 Diversity and distribution of Goblin spiders (Family: Oonopidae) in Sri
Lanka

S.L. Ranasinghe and S.P. Benjamin

Ecology and Environmental Biology Project Institute of Fundamental Studies, Kandy

The spider family Oonopidae, commonly known as goblin spiders, includes over 600 described
species in 88 genera. Members of this family are small (1-4mm), haplogyne, six eyed, free hunting
spiders that dwell on litter or in the canopy. They do not build webs. Because of their size and cryptic
habits, they have been grossly under sampled. Several Oonopidae taxa have been recorded in Sri
Lanka. However, some genera have not been redescribed to date. Species of the genera Aprusia,
Brignolia, Camptoscaphiella, Gamasomorpha and Xestaspishave been redescribed. However,
species of Epectris, Ischnothyreus and Orchestina were last reported almost a century ago. This study
is aimed at studying the diversity of the family in Sri Lanka.

Sample collection was done in most provinces of Sri Lanka. Specimens were either collected by
sifting litter or beating vegetation. Collected spiders were then sorted and preserved in alcohol and
identified morphologically using recently published revisionary studies.

Our collection consists of over 20 specimens of the genera Aprusia, Brignoliaand Xestaspis. The
genus Xestaspiswas recorded in the Kandy, Puttalam, Matale, Ampara, Nuwara Eliya, Kurunagala,
Monaragala, Badulla and Anuradhapura districts. The genus Brignolia was found in the Puttalam,
Kurunagala, Kegalle, Kandy, Matale, Ampara, Monaragala, Anuradhapura and Badulla districts.
Aprusiais distributed throughout the Gampaha, Kandy, Rathnapura, Badulla and Anuradhapura
districts. These three genera are more widely distributed in Sri Lanka compared to Eliya and Badulla
districts, whereas the genus Ischnothyreuswas only recorded in the Kurunagala and Kandy Districts.
We also record a new genus for Sri Lanka, Opopaea, from the Kandy, Kegalle, Kurunagala, Matale,
Badulla and Monaragala districts. Future work will focus on taxonomic revisions of Oonopid spiders
of Sri Lanka based on morphology and molecules.
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One specimen belonging to the genus Camptoscaphiella has been found in our samples from Kandy
District. 15 specimens from the genus Orchestina and six specimens from the genus Ischnothyreus
have been identified. The genus Orchestina was collected in the Kandy, Nuwara Eliya and Badulla
districts, whereas the genus Ischnothyreus was only recorded in the Kurunagala and Kandy Districts.
We also record a new genus for Sri Lanka, Opopaea, from the Kandy, Kegalle, Kurunagala, Matale,
Badulla and Monaragala districts. Future works will focus on taxonomic revisions of Oonopid
spiders of Sri Lanka based on morphology and molecules.

7.3.3.3 Taxonomic revision of the Genera Dendrobium and Bulbophyllum
(Orchidaceae) of Sri Lanka

P.M.H. Sandamali’, S.P. Senanayake’, S.P.Benjamin’

' Department of Botany, Faculty of Science, University of Kelaniya, °Ecology and Environmental
Biology Project, Institute of Fundamental Studies, Kandy

Orchidaceae is one of the largest plant families in Sri Lanka found in all terrestrial vegetation types.
Seventeen field visits were undertaken to study the species of Dendrobium and Bulbophylllum this
year. This year we were able to recorded D.panduratum and D.macathiae. Field work and data
analysis of this project have now been completed. We were able to cover 47% of the photo
documentation (62% of Dendrobium and 36% of Bulbophyllum). We have found six species of
Dendrobium out of eight and seven Bulbophyllum out of eleven species reported for Sri Lanka. A
further objective of this survey is to determine host plant specificity of our study species, which has
now been completed.

Vegetative traits of all specimens were measured using a caliper and a measuring tape and dissected
floral parts were drawn with the aid of a stereomicroscope equipped with a camera lucida. Vegetative
and floral morphometric data will be analyzed using the delta software package.

Photographs of Dendrobiumspp. of Sri Lanka; A-Dheterocapum, B- D crumenatum, C-D
aphyllum, D- D nutans, E- D panduratum
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7.3.3.4 Biodiversity of soil scorpions and pseudoscorpions

S. P. Benjamin and C.I. Clayton

Ecology and Environmental Biology, Institute of Fundamental Studies, Kandy

Sri Lanka possesses a highly diverse endemic fauna and flora and is a reservoir of unique
evolutionary history. Unfortunately, Sri Lanka's diverse invertebrate fauna remains largely
unexplored. Several taxonomic studies on both vertebrates and invertebrates were published during
British rule of the island. The standard work on Sri Lanka's invertebrate fauna was published as a part
of the monographic series “Fauna of British India, including Ceylon and Burma”, during this time.
However, it did not treat many smaller arachnid orders like pseudoscorpions. Spiders were only
partially covered, with the smaller species being overlooked. We are currently carrying out an island-
wide survey of pseudoscorpions and spiders using a range of collection methods to sample a set of |
diverse habitats around the island. :

Our survey of pseudoscorpions produced 51 species belonging to 23 genera of which eight species
might be new to science. The family Cheiridiidae was discovered in the island for the first time. Out of |
the 51 species, 20 species (40 %) are endemic to Sri Lanka. A checklist of Pseudoscorpions of Sri ‘
Lanka submitted to the international peer-reviewed journal, ZOOTAXA is now in press. Two other

publications are inreview.

Photographs of living pseudoscorpions of Sri Lanka. A. Stenatemnusbrincki, female, Kitulgala. B.
Micratemnusanderssoni, female, Sudagala (Kuruwita). C. Oratemnusproximus, female,
Maradanmaduwa. D. Oratemnus cf. indicus, male, Wanathavillua. E. Anatemnus cf. javanus. male.
Ohiya. F. Anatemnusorites, male, Alawala. G. Indogarypusceylonicus (Beier, 1973) new
combination, female, Wanathavilluwa. H. /. cevionicus (Beier, 1973) new combination, female,
Padiyathalawa. 1. Indogarypusindicus, female, Ohiya. J. Feaellaindica, female, Inginiyagala. All @
photos copy right Suresh P. Benjamin 2014. 1
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Human Resource Development

U.G.S.L. Ranasinghe, IFS, Registered for M.Phil., PGIS, University of Peradeniya
Tentative title of the M.Phil thesis: Revision of selected genera of goblin spiders (Oonopidae) in Sri
Lanka,




7 3 4 ENVIRONMENTAL ENGINEERING

Project Leaders: Dr. N.D. Subasinghe (Senior Research Fellow)
: Dr. N. Nanayakkara (Senior Lecturer, Faculty of Engineering,
University of Peradeniya

Description of the Project

Water pollution is a global environmental issue which occurs directly or indirectly when the

~pollutants are discharged into the water bodies without proper treatment. Industrial effluents are

one such important pollutant route. Even in Sri Lanka it has made impacts on our economy, health

and ecology. Phenolic compounds present in industrial effluents since those compounds are used in -

mdus_tnes Phenol and substituted phenol compounds in water have been recognized as major

organic pollutants which have potential to act as human carcinogen. They pose considerable health

concern, even at low concentration, due to their high toxicity, high oxygen demand and low bio

degradability. Therefore, recently a great deal of attention has been created on contamination of
~ water by phenolic compounds.

‘Several treatment technologies have been researched for recovery or destruction of phenol in water.
Among the other technologies, electrochemical methods have gained more attention due to factors
such as in-situ chemical generation, ease in process control and high efficiency. However, limited
studies are found in literature for probing mechanism of degradation. In addition, little attention is
paid towards the development and optimization of anode materials for specific contaminant.
Therefore, this project addresses the above limitations by probing mechanisms of electrochemical
degradation of phenol as a model system and by developing optimized anode materials.
. Subsequently the applicability of the technology in real phenol/phenolic wastewater samples will
" betested. -

The main aim of the research work is to develop an electrochemical method which is capéble of -

treating phenol contaminated water and extending to real contaminated samples.
The specific objectives of the study are, - - - -

1. To provide insight into the mechanisms of anodic oxidization.
‘2. To develop and optimize the anode materials of the electrochemical reactor cell to oxidize
phenol/ phenolic compounds in contaminated water.

In this study, both experimental and theoretical methods are used. Such investigations will provide

insights to the process optimization. Dimensionally stable anodes will be developed and optimized
in order to oxidize phenol/ phenolic compounds in water.

7.3.4.1 Anodic oxidation of Phenol in Contaminated Water on DimensionalIy Stable
Anode

H.A.P.P.B Jayathilaka', N.D Subasmghe W.M.A.T.Bandara’?, K.G.N. Nanayakkara

! Institute of Fundamental Studies, Kandy, > Department of Chemistry, University of Perademya
Department of Civil Engineering, University of Peradeniya

Introduction

Electrochemical oxidation is gaining more attention among organic waste water treatment
techniques in recent years [1], because of factors such as in-situ chemical generation, ease in
process control and high efficiency. In this case anode material has more influence on organic
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pollutant removal efficiency [1]. Therefore, various anode materials have been subjected to study
its efficiency. There is a health concern over phenol in water, as it has potential to act as human
carcinogen, even at low concentrations, due to its high toxicity, high oxygen demand and low bio
degradability. It is known as one of the major organic pollutants and many treatment techniques are
tested on it. However, limited studies are reported in literature for probing mechanism of anodic
oxidation and development of efficient anode materials for specific contaminant. Therefore, this
project addresses the above limitations by developing optimized anode materials and probing
mechanisms of electrochemical oxidation of phenol as a model system. '

| Obj_ectives.

Specific objectives of the work présented here are, to provide insight into the mechanisms of
anodic oxidization and to develop and optimize the anode materials of the electrochemical reactor .
cell to oxidize phenol/ phenolic compounds in contaminated water. '

Results

Theoretical and experimental results were obtained in order to confirm intermediates formation.
Both studies confirmed the presence of catechol and benzoquinone. The reaction mechanism of
anode was also revealed. In anode optimization stage, Ti substrate showed better results compared
to stainless steel. The chemical oxygen demand (COD) removal (i.e.79%) and phenol removal
efficiencies, hydroxyl radical generation capacities and electrochemically active area were
improved while introducing a secondary metal oxide as a catalyst.

References
1. Fan,J., Liu, X., Wang, L., Wei, D., Wu, C.Water Res. 2001, 35, 3927-3933.




S s e S S s e

g’“" IFS Annual Research Sessions 2013

7 3. 5 ESTIMATING OF SUB-SURFACE EXTENT OF EPPAWALA T
PHOSPHATE DEPOSIT

Project Leader: Dr. N.D. Subasinghe (Senior Research Fellow)

Description of the Project

Mineral exploration is one of the largest research fields in geophysics. Geoscientists around the
world are working to estimate their mineral resources and developing new technologies to increase
the efficiency of explorations.

Estimating the national mineral wealth is an integral part in planning the local economic aspects.
However, no due attention is paid to the mineral resources of Sri Lanka, particularly the prospects
in the subsurface. Most of the previous studies conducted by the Geological Survey and Mines
Bureau to identify the mineral resources in Sri Lanka, were mostly based on client’s requests
instead of a national plan.

Eppawala phosphate deposit is one of the most important mineral ores in Sri Lanka. The

- Preliminary mvestlgatlon was done by the Geological Survey Department in 1976. They mapped
and estimated the ore using data from several boreholes and the survey was confined to a small
area of the Eppawala quarry, which is now being mined. The subsurface extension of the deposit
has not been adequately investigated ever since the first survey done in 1976. In fact, conventional
exploration methods (i.e. borehole) are expensive and time consuming.

A new research project was initiated at IFS to develop a cheap, reliable and easier methodology
based on geophysical techniques to estimate the extent of the Eppawala Phospahate deposit.
National Science Foundation provided a grant for this research project, and the Geological Survey
and Mines Bureau signed an MOU as collaborators.

Phosphate deposit at Eppawala has been formed as an in-situ secondary deposit. Parent material for
the phosphate deposit came from the igneous rock, which is known as carbonatite. Magnetite is one
of the common accessory minerals in the carbonatite, as well as its secondary product, the
phosphate deposit. Due to this high magnetite content, phosphatic rock displays a specific magnetic
signature that is useful in differentiating them from the surrounding non-phosphatic country rocks.

Since the phosphate minerals at Eppawala are essentially associated with magnetite, magnetometer
surveys are considered as a reliable geophysical technique to investigate the sub surface extent of
the apatite ore. Detailed magnetometer survey, with down line sampling rate and line spacing, will
be conducted to determine the boundaries of the phosphate ore. In addition, 2D resistivity
technique will be utilized to model the overburden thickness, when necessary. As the outcome of
the study, the extension of the apatite body will be determined and the reserves of the remaining
'economic phosphate deposit will be estimated.

Identification of the total ore capacity helps to formulate new industries related to the raw mineral
materials; in this case it is fertilizer. This study is helpful for the agro industries to plan their
fertilizer importing limits and to conduct research to increase the solubility of Eppawala phosphate
such that short-term crops also get benefitted. .
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7.3.5.1 Magnetic anomalies and subsurface extent of the Eppawala phosphate
deposit

W.K.D.G.D.R. Charles', S.M.N.D. Subasinghe', N. De silva’, Pitawale’, S.A. Samaranayake’

'Institute of Fundamental studies, Kandv. Geological survey and mines bureau, Pitakotte. ’
Department of Geology, University of Peradeniva, Peradeniva,” Department of Physical Science,
Rajarata University of Sri Lanka, Mihinthle.

Introduction

Phosphate deposit at Eppawala is one of the major economic mineral deposits in Sri Lanka. Despite
its importance, no systematic survey has been done to estimate the extent of the deposit, since the first
preliminary bore hole survey carried out over four decades ago. This research project will employ
methodology based on modern geophysical techniques to estimate the sub-surface extent of the
phosphate deposit.

Rocks with considerable amounts of magnetic minerals generate magnetic anomalies. Magnetite is
present in Eppawala carbonatite host rock, as well as in the phosphatic rock in considerable amounts
so that these rocks generate magnetic anomalies, which can be mapped using magnetometers.

Objective

Main objective of this project is to develop a geophysical methodology to differentiate the phosphatic
ore from the surrounding country rocks and employ it to estimate subsurface extent of the Eppawla
phosphate deposit.

Results

GSM-19 overhouse system with integrated GPS was used for the magnetic survey where the
magnetic anomalies were plotted using a predefined grid. Magnetic anomaly and processed data are
shown below.

Figure 1. Magnetic anomalies map Figure 2. Processed data show the phosphate
Deposit
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7.3.6 RADON MAPPING PROGRAM IN SRI LANK

Project Leader: Dr. N.D. Subasinghe (Senior Research Fellow)
Description of the Project

Radon is a decay product of radium, which in turn is a decay product of uranium. In the Earth's
crust, uranium is generally concentrated in ore-bearing rocks scattered around the world. Although
currently 36 isotopes of radon have been characterized, none of them is stable. Generally, “radon”
refers to 2’Rn, which is the most stable radon isotope. Radioactive decay of most stable thorium
isotope (**Th) produces *°Rn, which is generally called “thoron”. On average, every 2.6 km® of
surface soil, to a depth of 15 cm, contains approximately 1 gram of radium, which releases radon in
small amounts to the atmosphere. Radon concentration varies wildly from place to place. In the
open air, it ranges from 1 to 100 Bq/m”. »

In some countries, it is a requirement to monitor the radon levels and take mitigating actions if the
levels are high enough to pose a health risk. Usually radon levels are varied seasonally throughout
the year as well as within the day. Scientists monitor the seasonal variations of the indoor radon
levels using passive radon detectors, which usually show accumulated counts during the exposure
period. During last few decades several types of passive radon detectors were developed. One of
the most common types is the CR39 based passive radon monitors that can discriminate between
radon and thoron,

While indoor radon levels are important in assessing health risks, outdoor radiation levels are also
important to monitor for many reasons. During recent years, some scientists have suggested that
radon could be used as an indicator to predict the earthquakes as relatively larger quantities of
radon may be released due to the opening of the faults prior to earthquakes. In addition, there is a
possibility that radon concentration is higher at the faults and fractures in the earth’s crust. High
concentrations of radon can be also found in some spring waters and hot springs.

Because of radon's rapid loss to air and comparatively rapid decay, radon is used in hydrologic
research studying the interaction between ground water and streams. Any significant concentration
of radon in a stream is a good indicator that there are local inputs of ground water. Radon
concentrations are generally higher over the faults. Similarly, it has found some limited use in
prospecting for geothermal gradients. Measurement of environmental radioactivity is conducted
around the country to establish the natural baseline for the country as well as to monitor any
locations with unusual radiation levels. Some of the preliminary results are presented in this paper.

Radon-Thoron discriminative passive detectors with CR39 chips, provided by NIRS, Japan were -

used in this study for long-term outdoor monitoring. These detectors were installed at
predetermined locations around the country. These locations were selected to represent a fair
spatial distribution while considering the geological features such as faults and fractures. Further,
detectors were established near the known thermal springs in the country. The passive radon
detectors were placed in custom built housing to protect them from elements, as well as from
possible damage by animals when installed outdoors. The location was accurately marked on a map
using GPS reading. In-situ radiation measurements were also taken at the same locations for
comparison. ' '

Preliminary results indicate that thoron (*’Rn) levels-are unusually higher compared to radon
(**Rn) levels in Sri Lanka. Same trend is confirmed by in-situ natural radiation measurements
conducted by the Atomic Energy Authority of Sri Lanka earlier (Table 1.). Radon (**Rn) is a
product of radium decay, while **Rn (thoron).is a decay product of the most stable thorium isotope
(**Th). This is an indication that in average, Sti Lanka has a higher thorium concentration in its
soil. R :
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7.3.6.1 Measuring outdoor radon levels in Sri Lanka

N.D. Subasinghe', P.D. Mahakumara’,T.B. Nimalsiri', N.B. Suriyaarchchi', T. limoto’,
T. Ishikawa®,'Y. Omori’, C.B. Dissanayake'

!Institute of Fundamental Studies, Kandyz AtomzcEnergy Authority, Wellampitiya, ’The University
of Tokyo, Hongo, Bunkyo-ku, 113-8654,Tokyo; Japan, “National Institute of Radiological Sciences,
2638555, Chibb City, Japan .

Introduction

For the first time in Sri Lanka, an outdoor radon mapping project was started. We installed passive
radon detectors at selected locations and collected them after several months to measure the
exposure levels. Active radon measurements are also being conducted by the Atomic Energy
Authority. ’

Objectives " )
1. To carry out the first ever radon mapping program in Sri Lanka with a view to produce an

outdoor radon distribution map
2. To understand the relationship between the radon levels and the geological features and

mineral deposits

Results

It was found that the levels of **Rn, which is a decay product of **Th are very high in Sri Lanka
compared to the levels in the region (Table 1).

Table 1.Naturally occurring radioactivity levels in some of the countries in the region. Note that
highest value for **Th is from Sri Lanka, while “K and *%Ra values are average.

A By %Ra B2h

Country -

Mean Range Mean Range Mean Range Mean Range
Bangladesh 350 .130-610 _ 34 21-43
China : 440 9-1800 33 2-690 32 2440 41 1-360
Hongkong 530 80-1100 84 25-130 59 20-110 95 16-200
India 400 38-760 29 781 29 7-81 64 14-160
Japan 310 15-990 29 2-59 33 6-98 28 2-88
Kazakhstan 300 100-1200 37- ] 12120 35 12-120 60 10-220
Korea (Rep. of} 670 17-1500
Malaysia 310 170-430 66 49-86 67 38-94 82 63-110
Thailand 230 7-712 114 3370 48 11-78 51 7-120
Sri Lanka 308 19-1378 49 5-761 138 9-1166

References

1. Subasinghe, N.D., Mahakumara, P., Nimalsiri, T.B., Suriyaarchchi, N. B., Iimoto, T.,
Ishikawa, T., Omori Y., and Dissanayake, C.B. Measuring Radon and Thoron Levels in Sri
Lanka. Advanced Materials Research.2013, v.718-720, pp.721-724.
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7.3.7 WATER QUALITY IMPROVEMENTS IN THE DRY ZONE AREAS IN SRI
LANKA

Project Leader: Mr. J.P. Padmasiri (Visiting Research Fellow)

Description of the Project

Adequate access to safe drinking water is a prerequisite in a healthy society. Presently it is a highly
politicized issue and the cause for the prevalence of chronic renal failure is attributed to the lack of
safe drinking water among the rural communities of Sri Lanka. In addition the rural community in
Sri Lanka has to depend on ground water which has inherent quality problems such as excess
hardness and fluoride in the drinking water. This project highlights the mitigative measures
adopted in the challenging task of providing safe drinking water. The issues addressed so far
include testing of wells and awareness programmes in schools and communities to identify good
wells in the villages conducted by the Institute of Fundamental Studies (IFS). The microbiological
quality of water can be improved by promoting boiled water for drinking. This aspect receives low
priority in rural areas and thus school awareness programmes are absolutely necessary.

On the other hand 4500 community based water supply schemes were established for the supply of
safe drinking water. Of these, 30% are not used by the people for drinking purposes due to the
excess hardness and fluoride. This issue has been addressed by the IFS by introducing
Electrocoagulation Water Purification Plants thereby reducing the fluoride content in water by 90%
and the hardness content by 50%. Two such plants were established in 2011 in Asokamalagama,
Mahavillachchiya (Anuradhapura) and Nikawewa, Moragollagama (Kurunegala). In 2012 eight
such water purification plants were established in Anuradhapura district under the Deyata Kirula
2012 programme, funded by the Ministry of Technology & Research. Further, eight wells were
installed in 2013 through Non-governmental organizations in the Vavuniya and Anuradhapura
districts. The work was carried out in collaboration with Spectra Industries Lanka (Pvt) Ltd,
Kurunegala.

Project Staff: Engineer W.M.Jayawardhane (Volunteer), Mr.Bandula Premathilke (Volunteer)

Benefits to the community:

e To provide safe drinking water to the rural community

e To reduce hardness and fluoride levels in drinking water

e Prevent tooth decay mainly by providing drinking water teeth with low levels of
fluoride. :

e Cost-saving and the least expensive way to deliver the benefits of fluoride to all
residents of a community.

e Transferring technology to villages
Empowering of women working as operators of the purification units
Strengthening community based organizations
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Funds from Private sectors

A - Asokamalagama, Nochchciyagama
B - Nikawewa, Kurunegala

C - 2 Acre farm, Cheddikulam

D - 400 Acre farm. Ulukkulama

E - 400 Acer Farm, Ulukkulam

F - Thattawa, Cheddikulam

Funds from Ministry of Technology & Research

Sisilasa Praja Moola, Mahavillachchiya
Suwapan Praja Moola, Nochchiyagama
Randiya Praja Moola, Nochchiyagama
Ekamuthu Praja Moola,Galadivulwewa
Mahasen Praja Moola, Mihinthale
Arunalu Praja Moola, Galnewa

Isuru Praja Moola,Medawachchiya.
Sahana Praja Moola, Pemaduwa
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7.4 PHYSICAL AND COMPUTATIONAL SCIENCES
7.4.1 ARTIFICIAL INTELLIGENCE

Project Leader: Prof. A. Nanayakkara (Research Professor)

This project consists of two main research areas;
(a) Brain Computer Interface
(b) Sinhala Language Based Artificial Intelligence.

7.4.1.1 Brain Computer Interface

A Brain—-Computer Interface (BCI) sometimes called a direct neural interface is a direct
technological interface between a brain and a computer. It is a system that uses electric, magnetic
or hemodynamic brain signals to control external devices such as switches, wheelchairs, computers
or neuroprosthesis. BCI systems are especially invaluable for patients who suffer from severe
motor impairments (late stage of Amyotrophic Lateral Sclerosis — ALS, severe cerebral palsy, head
trauma, and spinal injuries).

The BCI project aims at building a high performance hardware and software system, which
provides a communication link between the human brain and the computer. Using such a system, a
person can control any equipment or interact with outside world using his or her thoughts alone
without any physical involvement. This way, patients who are with severe physical disabilities can
control equipment such as wheel chairs, televisions, etc and communicate with the computer voice
in his or her native language (Sinhala, Tamil or English).

Certain actions in a normal human brain can generate various responses such as metabolic activities
or electromagnetic signals which can be detected by appropriate sensors and hence can be used for
controlling BCI systems. As an example, brain activity can produce magnetic fields that can be
detected using Magnetoencephalography (MEG). Certain brain activities may produce electrical
signals that can be detectable on the scalp (EEG) or cortical surface or within the brain (ECoG). At
present, EEG and ECoG are more popular as equipment needed for detection of other effects such
as MEG is prohibitively expensive. ‘

" Computer:

Although compared to MEG or functional Magnetic Resonance Imaging (fMRI) machines, EEG
systems are much cheaper, still they are quite expensive for most of the people in Sri Lanka and
hence they cannot afford to own EEG equipment. Therefore one of the aims of this project is to
design and develop low cost software and hardware needed for BCL. Another aim is to develop a
real-time BCI systemwhich could be used by severely physically disable people in Sri Lanka. This
includes development of new techniques to extract thoughts from EEG signals and carrying out
activities according to thoughts. :




7 4 1 2 Smhala Language Based Artlﬁclal Intelllgenee

Individuals with speech disabilities (non-vocal) need an effective way of communication with the
general public. In this project, we are developing a Sinhala speech synthesizer which can produce

Sinhala speech, according to the input received from the disabled person. For disabled persons,
who can use their arms or hands, a keypad or an electronic glove is prov1ded as input devices,
while for individuals who cannot speak and have lost muscle control in their hands and arms, a
speech system can be used with electrical signals produced by working muscles (EMG) in any part
of their bodies. Finally we hope to improve the system to a Portable Sinhala speech synthesizer
using Microcontrollers (MCs).

7.4.1.1 Brain Computer Interface
Z. Sakkaff, D. Wijethunga and A. Nanayakkara
Artificial InieIIigence Project, Institute of Fundamental Studies, Kandy

Introduction
BCI research group at the Institute of Fundamental Studies (IFS) is mainly interested

inconstructing a BCI system based on EEG which can be used by the paralyzed people livingin Sri - .

Lanka. Since EEG equipment is usually expensive, one of the aims of the project is to design and
develop low cost software and hardware needed for BCL The other aim is to develop a real-time
BCI system which could be used by severely physically disabled people in Sri Lanka. This includes
development of new techniques to extract thoughts from EEG signals and carrying out activities
according to thoughts. Research and development work of BCI have been carried out during last
two years in two main avenues;

Objectlves

(1) Development of new methods and a software system to recognize thoughts from
individuals and control external devices according to recognized thoughts. This includes
finding new mental tasks which can be used with BCI systems more naturally and
accurately. . :

2 Design and constructlon of low cost BCI hardware 1ncludmg EEG aniplifiers, recording
electrodes, etc

Results (2013)

Due to lack of adequate funding as well as the delay in releasing funds, it was not possible to
purchase a 128/64 channel EEG amplifier or 128/64 EEG electrode cap. As a result, planned
investigations on source location, identification and optimal EEG electrode locations for Visual
Arrow Movement (VAM) mental tasks could not be carried out. Only the software was developed
for finding source locations using machine learning algorithms. Software based on Independent
. Component analysis was developed for blind source separation studies. The brain maps for six
subjects cotresponding to VAM mental task were produced using Common Spatial Patterns (CSP)
with a 20-electrode EEG Amplifier in the Al laboratory. A paper based on these CSP brain maps
was published in an IEEE international research conference.
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7.4.1.2 Sinhala Language Based Artificial Intelligence

D. Wijethunga and A. Nanayakkara

Artificial Intelligence Project, Institute of Fundamental Studies, Kandy

Introduction

Individuals with speech disabilities (non-vocal) need an effective way of communication with the
general public who may or may not understand sign languages. Hence, it is useful for a person with
speech disabilities (PSD) to have a portable electronic system which can produce Sinhala speech,
according to input received from him or her. If the PSD can use a keypad or can control a glove
type device, Sinhala speech system with a keypad or an electronic glove is suitable. For an
individual who cannot speak and has lost muscle control in his or her hands or arms, EMG signals
produced by working muscles in any part of his or her body can be used as input.

Objectives

In this project we are developing a portable electronic speech system based on microcontrollers
which can produce Sinhala speech, according to the input received from the disabled person. For
disabled persons who can use their arms or hands, a keypad or an electronic glove is provided as
input devices while for individuals who cannot speak and have lost muscle control in their hands
and arms, a speech system can be used with electrical signals produced by working muscles in any
part of their. :

Results (2013)

Due to delays in receiving both capital and consumable allocations, all the required electronic
components could not be purchased. As a result, construction of the complete speech system got
delayed and will be completed in 2014 if requested funds are allocated.The prototype
microcontroller based Portable STTS Synthesizer was modified to a real-time sound unit
concatenation and producing synthesized Sinhala speech using PWM technique. Software for
constructing Sinhala speech using reduced speechdatabase has been completed. An improved high
resolution input screen with high quality Sinhala characters was constructed for character entry. A
paper based on the work of speech generation was published in the Proceedings of the Sri Lankan
Institute of Physics Technical Sessions.

Human Resource Development
Registered f_or M.Phil., PGIS, University of Peradeniya

1. Dammika Wijetunga, (Department of Electrical Engineering, University of Peradeniya)
Title: Design of a portable Sinhala speech synthesizer for persons with speech disabilities
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7 4 2 & 3 ENERGY FOCUSING PHENOMENA AND QUANTUM PHY SICS

Project Leader: Prof. A. Nanayakkara (Research Professor)

This project covers two main areas of research;
(a) Computational and Experimental Investigations of Energy Focusing Phenomena
(Single Bubble Sonoluminescence (SBSL))
(b) Quantum Physics '

7.4.2.1. Single-Bubble Sonoluminescence

Single-Bubble Sonoluminescence (SBSL) is observed when a single gas bubble, which is
acoustically levitated in a liquid, undergoes nonlinear oscillations in synchrony with the applied
sound field and emits sub-nanosecond flashes of light at the point of maximum implosion. This is
one of the examples of spontaneous energy focusing phenomena As the bubble collapses,
vibrational energy gets concentrated by at least a factor of 4x10"' to produce flashes of light in the
UV range. These flashes of ultraviolet light have durations much shorter than a Nanosecond. At the
latter stages of the collapse, both the temperature and the pressure inside the bubble reach extreme
values such as 20,000K and 3,500.atm respectively. Also the bubble wall reaches acceleration over

10"'g near the maximum implosion. SBSL is observed by only with the bubbles having ambient
radii between 1 pm to 10 pm and durmg the collapse, radii of these bubbles come down to 0.1 pm
to lpm.

The spectrum of SBSL is fairly broad, extending from above 700 nm to below 190 nm. The
intensity of emitted light increases with decreasing wavelength up to the ultraviolet cutoff of water
(about 200 nm, though anything below 250 nm is attenuated). In water, the spectrum of SBSL fits
blackbody radiation with surface temperatures in the range 6000K—20 000 K for sound frequencies
between 10 and 50 kHz. On the other hand spectrum of SBSL of an isolated bubble driven at 1
MHz sound frequency agrees well with thermal bremsstrahlung from a 10° K plasma [1].

There has béen a large number of theoretical and experimental investigations carried out to explore,
" understand and predict the above mentioned exotic physical conditions which take place inside the
SBSL bubbles at the time of light emission [2]. Most theoretical / computational models have been
based on continuum fluid mechanics (e.g. Euler equations or Navier- Stokes equations) [2] and
they were able to simulate some of the experimental results successfully. Since the majority of the
models are based on fluid equations and during the last stages of the collapse, the speed of the
bubble wall exceeds the speed of sound in water (or the liquid) and other extreme physical
conditions can be observed inside the bubble, the validity of these models is questionable [3]. -
Further, all these fluid approaches are limited in their predictive power by the need to represent
transport processes and the equation of state.

SBSLhas been, and continues to be, the subject of considerable experimental and theoretical
research since light emission mechanism has not been fully understood yet. Also SBSL has
attracted many scientists’ attention due to its potential in producing unlimited clean energy via cold
fusion. The light emitting mechanism in SBSL is one of the unsolved problems in Physics at the
moment.

References

1.Camara, C., Putterman, S., Kirilov, E. Phy.é Rev. Lett. 92, 2004. 124301
2. Brenner, M.P., Hllgenfeldt S., Lohse D. Rev. Mod. Phys. 2002, 74, 425 and references

- therein.
3. Ruuth, S J., Putterman S. J., Merriman B. Phys. Rev. E 66,2002, 036310
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7.4.2.1.1 Computational investigation of Single Bubble Sonoluminescence

- 8. Karunawansha, M. Wijesingha, A. Nanayakkara

Single-Bubble Sonoluminescence Project, Institute of Fundamental Studies, Kandy

Introduction

Most theoretical / computational models of Single Bubble Sonoluminescence (SBSL) have been
based on continuum fluid mechanics (e.g. Euler equations or Navier- Stokes equations) and they
were able to simulate some of the experimental results successfully. Especially, the computational
models developed by Yasui and others were able to simulate some sonochemical reactions
correctly. Bubble collapse in SBSL can also be studied with Molecular dynamics (MD) and Monte
Carlo methods. Two of the research groups; Puttermann’s group at UCLA in USA and Kwak’s
group at Chung-Ang University in Seoul, Korea have developed software based on MD methods to
simulate the bubbles with 50000000 particles. However, realistic bubbles usually contain 10® -
10" particles.

Aims and objectives

The aim of this project is to understand the mechanism which produces light in SBSL. In order to
find out what is going on inside the bubble when it emits light, we use computers to simulate the
physical situation inside the bubble during the collapse. Also, using computational chemistry
software, we study sonochemical reactions which may take place inside the bubble and mvestlgate
how they may affect the overall behavior of the bubble.

Results : ‘
The software based on the hydro-dynamical model developed in our laboratory for studying the

‘collapse stage of the bubble was used for investigating the temperature and pressure dependence of

SBSL in liquids with various physical properties. Effects of Alcohol on SBSL light intensity were
investigated. MD based SBSL simulation software was developed and multithreading features were
added to the code to improve the performance.

Detailedinvestigation of potential energy surface for NO & OH =>NO, + H and NO + OH=>NO
+ HO, were carried with sophisticated electronic structure methods. This investigation will help us
to investigate reaction rates of more complicated sono chemical reactions taking place inside the
SBSL bubble.A paper based on some of above work was pubhshed in Proceedings of the Sri
Lankan Institute of Physics Technical Sessions. :
7.4.2.1.2 Experimental investigation of single bubble sonoluminescence
P. Herath and A. Nanayakkara

Single-Bubble Sonoluminescence Project, Institute of Fundamental Studies, Kandy

Introduction

Single-bubble sonoluminescence (SBSL) spectra in H,O show featureless continuum emission.
Recently, it was observed that SBSL from H,SO, is over 10° times brighter than SBSL from water
and provides atomic, ionic, and molecular emission lines. In the year 2010, from an acoustically
driven moving bubble in phosphoric acid (H;PO,), a very strong molecular emission was observed
from excited OH radicals. The investigators were able to accurately estimate the temperature of the
bubble at the last stages of the bubble collapse. These new findings showed the complexity of
SBSL and the importance of further expenmental studies of SBSL in 11qu1ds other than water.




Aims and Objectives

In this project, we will find out experimentally whether the SBSL in acids such as Selenic (H,SeOy)
and Selenious acids (H,SeO;) would produce spectral lines similar (or different) to what was
observed in Sulfuric and Phosphoric acids. Further, we investigate how the intensity and spectral
- lines of SBSL in above two acids vary compared to Sulfuric and Phosphoric acids when physical
parameters and the initial conditions of the bubble collapse change. As the first step, we will carry
out detailed investigations on SBSL in Sulfuric and Phosphoric acids. This will help us to compare
the results we acquire from Selenic and Selenious acids with Sulfuric and Phosphoric acids.

Results (2013)

Spectra of SBSL in various liquids were obtained with newly purchased UV-Vis spectrometer. To
collect very low light intensities emitted by SBSL, it is required to have a new lens systems as well
as very sensitive moving accessories. Due to delays in receiving funds for capital and consumable
_items in 2013, we were unable to purchase all the necessary items to do serious spectroscopic work
on SBSL. As a result we were onlyable to do preliminary work on Sulfuric acid, effects of
Fluorescein Sodium on the SBSL spectra at various temperatures, effects of nano powders on
SBSL. Most of the necessary items have already been ordered. We expect to complete detailed
investigations of the above mentioned effects after receiving them in 2014. A paper based on some
of above work was published in Proceedings of the Sri Lankan Institute of Physws Technical
Sessions. _

74.3 Quahﬁm Physics
T. Mathanaranjan and A. Nanayakkara

Quantum Physics Project, Institute of Fundamental Studies, Kandy

Introduction

In recent years, the manifestation of chaos in quantum mechanics has been of great interest. In -
particular, quantum systems which are classically chaotic have been investigated intensively. In
order to study the signature of chaos in quantum mechanics, we have been developing various
theoretical and computational methods for multidimensional systems which bridge classical
mechanics with quantum mechanics in a transparent manner. Also, we have been investigating
quantum mechanical quantities which contain information on chaos in the correspondmg classical
system.

~ Aims and ob]ectlves

" In this project, our aim is to understand the behavmr of multidimensional systems in the
semiclassical limit. (i.e. limit between quantum mechanics and classical mechanics) and classical,
semiclassical and quantum mechanical behavior of both Hermitian and non-Hermitian Hamiltonian
systems.

Results

This project has produced 36 research papers in refereed journals and 3 research communications
since its inception. :

. (1) A new powerful asymptotic energy expansion method was developed for 1-D systems. -
This method is based on the power series expansion of the quantum action variable J
in energy and can be applied to a wide range of potentials. Contour integrals involved
in the method are much simpler than that in WKB methods. In 2013, we have made
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good progress in extending Asymptotic Energy Expansion (AEE) method to various
new systems which was developed by our laboratory.

(2) In 2013, four research papers on AEE method and Non-Hermitian systems have been
published in Science Citation indexed journals.Based on research carried out in this
project during last several years, we have received an invitation from Prof. Andreas
Fring in the Centre for Mathematical Science at City University London, UK to do
collaborative work with his research group and currently my research student Mr.
Mathanaranjan is working (for six months) at the Centre for Mathematical Science at
City University London, UK.

Human Resource Development

Registered for Ph.D./M.Phil., PGIS, University of Peradeniya

1. Mr. Thilagarajah Mathanaranjan - Ph.D.
Title: Extension of Asymptotic Energy Expansion method for Non-Hermitian systems
2. Mr. Prabhath Herath — M.Phil.
Title: Behavior of Single Bubble Sonoluminescence in Acids
3. Mr. Manoj Wijesingha — M.Phil.
Title: Determination reaction paths and barrier heights of sonochemical reactions using
electronic structure methods.
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8. CONSULTATIVE AND COLLABORATIVE DIVISION (CCD)

Coordinator: Prof. S. A. Kulasooriya (Visiting Research Professor)
Co-coordinators: Prof. Gamini Seneviratne and Dr. Renuka Ratnayake

While considerable progress has been made in the projects continued from previous years, two new
projects commenced during the period under review. This section will describe mainly the
interactions between the CCD and the collaborating partners, while the research results are included
in the respective units collaborating with them. Since the Rhizobium Inoculant Research &
Production Facility and the Spirulina mass culture project operate directly under the CCD, those
studies are described and their results are presented in this section.

Projects continuing from previous years

1. Collaboration with Nature's Beauty Creations PLC (NBC) on Biofilm Biofertilizers

(BFBFs)

[FS Scientists:  Prof. Gamini Seneviratne and Prof. S. A. Kulasooriya.

Collaborators: ~ Mr. Samantha Kumarasinghe (CEO & MD) and Nishan Wickremasinghe
(GM), Nature's Beauty Creations PLC, Kindelpitiya, Millewa, Horana

The pilot project on the industrial production of BFBFs in 10L fermenters was successfully
completed. In order to popularize the use of this product, S0ml test samples named “Biofilm-T"
have been distributed free among a few selected tea growers. With the success of this testing, the
production capacity has been scaled up to 1000L and a limited level sale of 250ml bottles of the
product has commenced. The commercial scale production factory established at Hokandara
started operations last month. These activities are temporarily conducted under the biofertilizer
division of the NBC until a separate company is incorporated and registered.

The initial agreement between the IFS and the NBC for the exclusive commercialization of
BFBFs by NBC was amended and the amended version received the approval of the Governing
Board of the IFS. The Board of the TRI has granted approval for the recommendation of this
product for use in nursery tea. An agreement between the TRI and the IFS has also been signed for
sharing of monetary benefits received from the sale of BFBFs.

Inauguration of the 1000L fermenter at the factory Biofilm-T” for marketing

Research results are presented under the Microbial Biotechnology Unit.
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1. Detection of Non-tuberculosis Mycobacteria (NTM) with microbiological and molecular
typing methods
IFS Scientist:  Dr. D.N. Magana-Arachchi.
Collaborator:  Dr. R.M.D. Madegedera, Physician, Respiratory Unit, Teaching Hospital,
Kandy.

Project completed and the final report was submitted to the Tuberculosis campaign through ~ Dr.
Medagedera.

2. Water quality and algal toxins in reservoirs and other sources of water used by the National
Water Supply and Drainage Board (NWSDB) for water supply schemes

IFS Scientists: Prof. S. A. Kulasooriya, Dr. D. N. Magana-Arachchi &
Mr. J. P. Padmasiri.
Collaborators: Dr. S. K. Yatigammana, Department of Zoology, University of Peradeniya

and Mr. S. K. Weragoda, NWSDB

The research student Ms. Buddhika Perera completed her experimental work on plankton studies
of fresh water reservoirs of Sri Lanka and left the IFS. She is currently writing her M.Phil thesis. In
her survey of 61 water bodies, she recorded a preponderance of cyanobacteria. Among them,
toxigenic Cylindrospermospsis was predominant indicating a potential danger to one of our major
water resources due to environmental pollution. A presentation on the distribution of
Cylindrospermopsis in Sri Lanka was made by Ms. Perera at the 2™ International symposium on
Water Quality & Health: Challenges Ahead, held at the PGIS, University of Peradeniya.

3. Effective use of microbial bio-fertilizers for an improved economy and environment in Sri

Lanka

IFS Scientists: Prof. Gamini Seneviratne and Prof. S. A. Kulasooriya.

Collaborator: Prof. Ivan Kennedy, University of Sydney ABN 15 211 513 464, Sydney,
NSW 2006, Australia

Under this project, island wide extension work was carried out in collaboration with the Department
of Agriculture, Provincial Ministries of Agriculture, Plenty Foods Private Limited, NGOs and rural
farmers to popularize the use of Rhizobia and BFBFs as low cost, environmentally benign fertilizers
for sustainable crop production (Fig:1a).
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Fig 1a: Locations of Biofertilizer studies
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Workshops and farmer-oriented field activities were also conducted to demonstrate the use of
biofertilizer products prepared at the IFS (Fig 1b, c, d, e, & f). A number of field trials were
conducted and some of them will continue next year.

ot
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(1d) Dept of Agriculture, Angunakolapelessa (1¢) With vegetable farmers at Doragala

(1f) Demonstrating the use of inoculants (1g) With Wayamba Provincial Agriculture
officers

1 Mass cultivation of Spirulina as a nutrient-rich food supplement against malnutrition
IFS Scientists: Prof. S. A. Kulasooriya, Dr. Dhammika Magana-Arachchi, Dr. Ruvini
Liyvanage and Dr. Viduranga Waisundara.
Collaborators: Major General (retired) W. J. T. K. Fernando and Mr. J. M. S. T. K. Jayalath,
Swavang Wattegedera, Wattegedera, Murutenga

A research grant was awarded by the National Science Foundation in December 2012, for this joint
project between Swayvang Wattegedera and the IFS, under its Technology Grant Scheme. The IFS
maintains pure cultures of the highly nutritive Spirulina platensis mother cultures and provide
uncontaminated inoculants as and when required by the collaborator.

110 |
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The IFS successfully grew this alga in 20L aspirator bottles as well as small open tanks in the green
house. Large scale outdoor culturing was then attempted at Wattegedera. After land clearance and
leveling, 20 cement lined brick and mortar outdoor tanks (10m x 15m) were constructed by July 2013.
After several changes of water in the tanks to consolidate and wash off possible toxic elements from
cement, SL of water from a tank was used to culture a sample of Spirulina to see whether the water was
now suitable for algal culturing. Once successful growth was obtained each tank was inoculated with
6L of culture raised from the mother culture taken from the IFS. This operation commenced in mid-
August and by November, eight outdoor tanks covered by a mosquito net-type material were in full
cultivation. Large, transparent polystyrene roofs have been constructed over all the tanks to avoid
disturbance by rain (Figs: 2a & b). While night and day temperatures of the tanks varied from 23°C to
34°C with a mean value of 30.4°C, the pH variation ranged from 9.4 to 12.1 (very occasional) with a
mean of 10.4. This high pH while stimulating the growth of Spirulina and producing luxuriant growth
(Fig: 2c) has prevented the growth of contaminating algae. Periodic microscopic observations are
made on small samples removed from the culture tanks to make sure that they remain
uncontaminated. Averaging the results of harvests obtained from these 8 tanks during the month of
November, 109 Kg of fresh Spirulina has been collected and this is equivalent to 10 Kg of dried
Spirulina powder. On this basis, it is possible to obtain 25 Kg of dry Spirulina per month from 20
tanks. Our target is to increase this to 50 Kg.

2a: tanks covered withnets  2b: With the collaborator 2¢: Surface view of thick Spirulina
growth

Harvesting fresh Spirulina is tedious and time consuming, and attempts are being made to develop
mechanical harvesting systems. The wet slurry harvested by filtering through a 10 micro mesh fabric
is extruded through 'string hopper molds', allowed to air dry and then rapidly dried under the sun or in
an artificial drier. These steps are still at infantile stages and the collaborator who is an engineer is
planning to improve them through mechanization.

Harvesting fresh material Extrusion of harvest prior to drying
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6. Collaboration between the Alternative and Renewable Energy Unit of the IFS and the
Mahidol University, Bangkok, Thailand.
IFS Scientist: Dr. Deepal Subasinghe
Collaborator: Prof. Weerachai Siripunvaraporn, Program leader, Mahidol University.

This project is continuing as planned.

=

Rhizobial Inoculant Research and Production Facility (RIRPF)

IFS Scientist: Prof. S. A. Kulasooriya

Research Staff: Mr. EEM.H.G.S. Ekanayake, Mr. R.K.G.K. Kumara,
Mr. N. WK. Wijesuriya & Ms. A.H.M.D. Abeyratne

Mr. EM.H.G.S. Ekanayake moved to the Microbial Biotechnology Unit from November 2012
and Mr. N.W.K. Wijesuriya (who was working in the project as a casual volunteer) was appointed
as atemporary Research Assistant with effect from 1" October 2013.

Due to the decision of the government to extend soybean cultivation in Sri Lanka, there was an
increase in demand for inoculants during the Yala season of 2013. While the supply of inoculants
during 2012 was for 3160 acres, the supply for 2013 increased to 8750 acres. Research studies
conducted with inoculants for vegetable beans (Phaseolus vulgaris) at Hanguranketha,
Rikillagaskade and Pussellawa have given very encouraging results (Figs. 3a, b & ¢) and we are
confident of issuing inoculants for beans in 2014.

Bean Yield kg/m2

5 1 !
as 43
4
35
3
P 1/2FP+BF RHI
Fig 3a: Field trial on beans 3b: Bean harvest 3¢ Results (FP: Farmer practice,

BF: Biofilm, RHI: Rhizobium)

8. Inoculants for Pasture Legumes

IFS Scientists: Prof. S. A. Kulasooriya, Mr. E. M. H. G. S. Ekanayake
Collaborator: Mr. Sarath Bandara, General Manager, Ambewela Farms

Having signed an agreement with Ambewela Farms PLC, experimental work commenced in
2013. The primary objective of these studies are to isolate suitable rhizobia from upland pasture
legumes like clover, alfa-alfaetc, screen them for nodulation and nitrogen fixation and prepare
inoculants that would enable the reduction of N-fertilize additions to pasture lands located among
the pristine highland water shed areas of the major rivers of Sri Lanka.

Observations of the clover plants growing in pasture lands of the tarm showed very little root
nodulation perhaps due to the high levels of fertilizer-N added. Initial experiments done under
laboratory and green house conditions at the IFS resulted in the successful nodulation of clover
(Fig 4a). Rhizobia were i1solated from these nodules, purified and screened. Inoculants prepared
from promising isolates are being tield tested at the farm in comparison with different levels of
fertilizer-N additions (Fig 4b). A rhizobial broth culture was also sprayed to a newly harvested
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field growth of clover plants immediately after its harvest to examine its effect on re-growth in
comparison with fertilizer-N applications (Fig 4c).
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Fig 4a: Nodulation in Clover 2b: Laying fieldplots ~ c: Spraying inoculants to Clover
New Project Agreements Signed in 2013

1. Collaboration with Kurunegala Plantations Ltd.. for the Development of Multi-Microbial
Biofertilizers (MMBF) for Coconut

IFS Scientists: Prof. Gamini Seneviratne & Prof. S. A. Kulasooriya
Collaborator: Mr. N. M. S. K. Nillegoda, CEO and Mr. S. M. M. Samarakoon,
DGM, Kurunegala Plantations Limited.

Agreement signed in March 2013. Having isolated soil and plant root associated
microorganisms from plantations sites multi-microbial inoculants have been prepared.
These are currently undergoing field testing with nursery coconut plants. Detailed results
are presented under the MBU.

2. Collaboration with the South Eastern University of Sri Lanka (SEUSL) on Purification of
Sri Lankan Natural Vein Graphite for Novel Technological Applications

IFS Scientist: Dr. H. W.A. C. Wijayasinghe
Collaborator: Dr. N. W. B. Balasooriya (SEUSL)

The agreement was signed on 23" December 2013 and work started from 1" January
2014.

Human Resource Development

« Ms. K. M. D. Gunatilleke obtained an M.Phil degree at the PGIS, University of Peradeniya under
the supervision of Dr. Renuka R. Ratnayake, co-supervised by Prof. Kulasooriya

« Ms. C. S. Hettiarachchi, co-supervised by Prof. S. A. Kulasooriya, is continuing her studies to
complete a Ph.D degree in Rhizobioloy under a grant received from the National Research
Council in which Prof. Kulasooriya is a co-investigator.

« Ms. Buddhika Perera supervised by Dr. Sudharma Yatigammana of the Department of Zoology,
University of Peradeniya for her M.Phil Degree in Environmental Scienceis  co-supervised by
Prof. Kulasooriya.

« Mr. K. Mohanan supervised by Dr. Renuka Ratnayake of the IFS is co-supervised by Prof
Kulasooriya.

«  Mr. N.W.K. Wijesuriya underwent training in soil microbiology and rhizobiology as a volunteer.
He has been absorbed into the team as a temporary Research Asssistant.
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09. AWARDS RECOGNITION, PATENTS

1. Prof. J. Bandara
o  Awarded the Alexander von Humboldt Fellowship (3 months) 01/08/2013- 31/10/2013
o  Presidential Awards for Publications -2007, 2008 & 2009 .

2. Prof. C.B. Dissanayake — Presidential Awards for Scientific Publications 2007:, 2008 & 2009_ B

3. Prof. M.A.K.L. Dissanayake _ ' . Do s
s Hon D.Sc. degree from-Wayamba Umvemty of Sri Lanka in May 2013 in recognmon of hls-
long term services to develop science education and sciertific research. -
¢ Session Chair, and Invited Speaker, Solar Asia Intematlonal Research, Conference University
of Malaya KL, Malaysia, 2013. sk
Pres1dent1al Awards for Smennﬁc Pubhcatlons 2007 2008 and 2009

ff'.4,f_ D WE.EDitus o 0 o
L Pr651dent1al Awards for Sc1ent1ﬁc Pubhcatlons 2003, 2004 2006, 2007 and 2008 e
"' Listed in Wikipedia: http://en.wikipedia.org/wiki/Wolf Dittus - ' -

5. Prof. U.L.B. Jayasinghe - Presidential Awards for Scientific Publications 2007 and 2008
6. Prof. M.C.M. Igbal - Presidential Awards for Scientific Publications 2007 and 2008

7. Prof. S.A. Kulasooriya

e July 2013: SUSRED AWARD by the National Science Foundation for supervision of an M.Phil
student who completed the degree within the stipulated period.

e September 2013: Degree of Doctor of Science (Honoris causa) at the General Convocation of
the Sabaragamuwa University of Sri Lanka (SUSL).

e October 2013: Sri Lanka Patent No: 15958 for the invention on Biofilmed Blofertlhzers for the
Improvement of Soil Fertility and Crop Production, shared with Prof. Gamini Seneviratne.

e Presidential Awards for Scientific Publications 2007, 2008 and 2009

8. Prof. N.S. Kumar — Presidential Awards for Scientific Publications 2008 and 2009

9. Dr. D.N. Magana-Arachchi
e A patent application was submitted to NIPO in Sri Lanka in 31% October 2013.
o  Presidential Awards for Scientific Publications 2008

10. Dr. R.R. Ratnayake
¢ SUSRED Awards 2013: Support Scheme for Supervision of Research Degrees by National
Science Foundation (NSF)
s Presidential Awards for Scientific Publications 2007, 2008 & 2009

11. Prof, Gamini Seneviratne — Presidential Awards for Scientific Publications 2007 & 2008

12. Dr. M.S. Vithanage

e SUSRED awards for 2012 from the National Science Foundation, Sri Lanka for the supervision
of -MPhil degrees of Ms. R.M.A.U. Rajapaksha graduated from PGIS (2012).

e SUSRED awards for 2011 from the National Science Foundation, Sri Lanka for the supervision
of MPhil degrees of Ms. B.G.N Sewwandi graduated from PGIA (2011).

e Patent filed: M.S Vithanage and S.S.R.M.D.H.R. Wijesekara. Synthesis of organic stabilized
nano-particulate zero valent iron. LK/P/1/17302 Patents 21/08/2013 11:23 hdesk (Pending for
the granting). '

e  Presidential Awards for Scientific Publications 2007, 2008 & 2009

13. Dr. A. Wijayasinghe — Presidential Awards for Scientific Publications 2007, 2008 & 2009

14. Mr. J. Akilavasan
s Commendation certificate for Prof. M.T.M lJiffry Memorial National award for Science
popularization from the National Science Foundation, Sri Lanka-2013.
e INSA JRD-TATA Fellowship for research training at Indian Institute of Technology, Madras,
3 months (IITM) 2013 (to be taken) '
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10. DISSEMINATION OF SCIENCE

10.1 SCIENCE DISSEMINATION UNIT (SDU)

Objectives:

1. Foster the exchange of technical and scientific information for the scientific community
2. Promote the public understanding of science: Mainly toimprove the enthusiasm and inquisitive
minds of teachers, students and the general public about science.

FORUMS FOR THE SCIENTIFIC COMMUNITY

Al Human Resource Development
M.Sec. in Science Education: HM.R.PK. Herath, Title of thesis: Effect use of simple models for
learning chemistry in an enjoyable manner, PGIS, University of Peradeniya, 2013
Supervisor: Dr. C.T.K. Tilakaratne

A2 Training Programme
Instrumentation Training Programme for Technical Staff
Rajarata University of Sn Lanka (25" Sep — 04" Oct, 2013

A3 Special Lectures and Research Meetings

“Development of Microbial Functions”
Prof. Kohei ODA Associate Professor/Jawaharlal Nehru University

“Research findings on Plant Neufobiology”
Dr. P.S.B. Wanduragala, Secretary/IFS

“Functional Foods: A recipe for Health Living”
Prof. Sivali Ranawana, Former Director of National Livestock Development Board

“From farm to fork: The roles of Food Technology”
Dr. Anne Doloras Perera, Food & Nutrition Consultant (Fellow of the New Zealand
Institute of Food Science & Technology)

“Use of common spatial patterns for improving the performance of classification of
vam mental task”
Ms. S. Zahmeeth, Research Assistant, IFS

B. Promotion of the Public Understanding of Science

B.1

Workshops

07.02.2013 Science Workshop for grade 10 students in Yatawatta Weera Parakrama
Madya Maha Vidyalaya, Matale - 120 students

19.02.2013 Nano Technology Workshop in parallel with the Dayata Kirula 2013(in
Ampara). Teachers and students actively participated in this workshop -
59 teachers and 259 students

22.03.2013 Workshop for G.C.E. O/L students Walagamba Vidyalaya, Kegalle
(40 students)

Science camps for all the students of grade 6 in the Kotmale Education Zone:

14.05.2013 Delta Gamunupura Vidiyalaya (200 students)
28.05.2013 Harangala Maha Vidiyalaya (200 students)

04.06.2013 Kubaloluwa Maha Vidiyalaya in Pundaluoya (200 students)




B2

B.3

102-03.08.2013  Science Workshop on Physics for plantation school teachers

40™ School Science Programme

17— 20 December, 2013

_ The school science programme (SSP) is the one of the most important annually conducted
. programmes for the dissemination of science among the younger generation. The aim of

this activity is to expose young students to frontiers of science and give them an indication
as to how science is actually practised. This programme enables students to meet and mix
with students from different ethnic, economic and cultural backgrounds in an informal
atmosphere which is an added advantage.

The SSP has been conducted as a continuous series from 1987 and a tota.l of 2607 students -

have participated to date. This year we had a hundred and forty five students for the School
Science Programme (SSP-2013) from all over the country. Those who excelled at the GCE
O/L examination participated in this activity and this year we included an educational visit
to the Ukuwela Power plant & the Dambulla Arboretum. :

Laboratory Training and Lab Vlslts for Postgraduate Students, Undergraduate

‘Students, Teachers and School Clnldren

11.03.2013 Mowbray College, Kandy
G.C.E. A/L students of Mowbray College visited the IFS labs to inspire
and motlvate their minds.

30.04.2013 Rajarata Umversny of Sri Lanka -
. Final year undergraduates from Rajarata Umversuy of Sri Lanka visited
the IFS labs to improve their practical knowledge related to soil
microbiology

30.05.2013 ~ B.Sc Special Degree students (Physics) from University. of. Sn
Jayawardhanepura visited the IFS.

11.06.2013 Muttur Central College

.- . Twenty five G.C.E. A/L Science students and teachers of Muttur Central

College visited the IFS labs to inspire and motivaté their minds.

-01.08. 2013 Matale Hindu College

- G.C.E. A/L Science students of Hindu College visited the IFS labs to
msplre and motivate their minds

- 02.08.2013 : Uva-Wellassa University

3™ year undergraduates from Uva-Wellassa Umvers1ty visited the IFS
labs to gain a practical exposure.

- AllIsland Competition -

Understanding the World through Science Competition — 2013

The Science Dissemination Unit organized a competmon on the above subject among-
Sinhala and Tamil medium school students from grades 6 — 11. Science teachers were also
motivated and inspired to be involved in this competition under a separate category. The
objective of the prOJect was to promote science concepts among teachers and students, and
to enhance their inquiring mind towards science while making them inquisitive about
science in the surrounding. We received about 5,000 entries for this competition.
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th

The winners' celebration was held on 15" October 2013, under the patronage of the
Honourable Minister of Technology, Research and Atomic Energy, Mr. Patali Champika
Ranawaka at the auditorium of the Institute of Fundamental Studies.

Mr. L.G.D.P.M. Dissanayake was the best overall performer of the all island competition on
'Understanding World through Science 2013'. The gold medal was presented by the
Honourable Minister Patali Champika Ranawaka on 15" October 2013 at the IFS.

Home Lab Tabloid

To enhance the science tempo of the school students, a tabloid was distributed among the
school children with the “Vijaya Lama Newspaper™.

130,000 tabloids were distributed free of charge with the “Vijaya Lama Newspaper” with
funds from the Vidu Kirana project (a fund-raising project maintained by the Science
Dissemination Unit).

Science YouTube Service

[FS official Channel
Publishing the videos of IFS special events such as lectures and workshops to build up an
active audience online.

Vidu Nena Dasuna Channel
Producing videos about scientific matters related to O/L and A/L syllabuses. Subject matters
were selected on the request of students and teachers.
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B.6

Vidu Nena Hawula E-Project:

Free of Charge

To the best of our knowledge, this is the very first programme of this nature in South Asia
which involves the following services:

- Science SMS

- Science e-mail

- Science twitter through mobile phones

We are sending Science SMS to registered participants every day except on government
holidays. Inaddition, members receive one question and answer per week.

As the name “Vidu Nena Hawula” implies, it is an open forum for the subscribers to discuss their problems
related to science behind day to day activities with the scientific community.

B.7

Miss. Tharushi Ranawaka was the Top Ranker of the Vidu Nena Hawula Service for year
2012/ 2013. The gold medal was presented by the Honourable Minister Patali Champika
Ranawaka on 15" October 2013 at the IFS.

Science Dissemination through Social Media
a. Facebook

1. Institute of Fundamental Studies Official Facebook Page

Informing the general public about public lectures and special lectures.
Broadcasting important news of the IFS

2. ViduNena Hawula Facebook Page

b. Facebook Groups

Vidu Nena Hawula Facebook Group
Providing an area for students as well as the general public to discuss scientific matters
and ask questions.

School Science Programme Facebook Group
For the SSP participants to keep contact with the IFS and among themselves.

c. Twitter

[FS Official Profile
Using a quick and efficient media base to deliver I[FS news among subscribers.

Vidu Nena Hawula Profile
For the general public to subscribe and receive science news.

d. Blogger with Google+- /FS Official Google+ Profile
Vidu Nena Hawula Google+ Profile
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DISSEMINATION OF SCIENCE BY RESEARCH GROUPS

Cell Biology Group
1. Awareness Exhibition on Kidney Diseases held at the Girandurukotte District Hospital, 57~ 7
September, 2013.

Consolidated Educational Exhibition on Renal Disease
District Hospital — Girandurukotte, 05 - 07" September, 2013

" Op@) SSina e
FO FEO 8o

This exhibition was held to commemorate the 10" anniversary of Renal Clinic at District Hospital at
Girandurukotte and to educate the students and the rural community about renal disease. The Cell
Biology Group of the IFS participated in this exhibition and explained the possible toxic releasing
ability in certain species of Cyanobacteria (blue-green algae) which is present in water and the effects
of cyanotoxins on humans.

1. Lab evaluation, Six O/L & A/L laboratories in five schools of Kotmale Education District - 13"
November2013

2. School Science Programme 2013, held at the Institute of Fundamental Studies, Kandy, 17" - 20"
December, 2013.

Physical and Computational Sciences
School Science Program 2013 - Lecture on Brain Computer Interface - held on 17-12-2013.
Participants: 143 students.

Prof. S.A. Kulasooriya -. Lecture on Biodiversity and Bioresource Utilization at the 40" School
Science Program, 1720, December 2013. Participants: 143 students.
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d)

g)

h)

i)

Prof. U.L.B. Jayasmghe Chief Guest Science Day, Mallyadeva College, Kurunegala, Dellvered a
lecture on “The Quality of Life through Chemistry” Oct. 15, 2013. Over 400 participants (students
and teachers)

Prof. G. Seneviratne - Biofilmed Biofertilizers for Maize and Mung bean. Workshop conducted for
Officers of Plenty Foods (Pvt.) Ltd. IFS. 11 July 2013.

Presentations by the Plant Biology Group

10/10/2013 Major Forest Ecosystems of Sri Lanka at Teldeniya National School (Organized
by Forest Department Range Office Digana) — 100 participants

08/10/2013 " Major Forest Ecosystems in the Knuckles range Galabodawatte Village Temple
(Organized by Forest Department Range Office Digana) 100 participants

30/08/2013 Moraella Rain Forest Moraella Forest (Orgamzed by Zonal Education Office
Wattegama) 75 participants

20/09/2013 Major Forest Ecosystems in the Knuckles Range Knuckles Forest Reserve
(Organized by Zonal Education Office Wattegama) 65 participants

Dr. N.D. Subasinghe conducted a public lecture on “Thermoelectricity for Co-generation and
Energy Harvesting” at University of Kelaniya on an mv1tat10n from the Inst. Physics, Sri Lanka, on
11 Oct. 2013. Participants: 120

Mr. T. Nimalsiri, Mr, N.B. Sunyaarachchl and Mr. Sanath Opatha conducted demonstratlons and
lectures at the School Scxence Program

Other events

'Dr Dittus - International Documentary Fllms

We have used our scientific discoveries at Polonnaruwa to educate and inspire people world-wide
towards nature conservation by way of ‘documentary film'productions broadcast on high profile
television channels; in 2013 this was limited to: Disney Productions (USA): “Jungle Stories”
(Jungle Bear Productions, UK). ' ‘
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11. LIBRARY

QOur Mission

The Mission of the IFS library is to assist research staff and students to acquire the relevant literature for their

research
Services:

Userservices, technical services and reference services:
«  Keep current records on resources, literature and selected publications in the library collection.
+  Ordering and acquisition of books, journals and miscellaneous publications.
«  Organization of the existing books and journals, document delivery, resource sharing, information
alert services and sourcing web based electronic journals and articles.
«  Collecting research articles and publications from IFS scientists.

Our Collection includes

Books & Periodicals Government documents (gazettes. circulars)
Photographs Architectural documents

Correspondence Data on public work

Newspapers Text and Ephemera

Directories CDs Videos and electronic materials
Biographies M.Phil and Ph.D theses

Maps, Posters
Special Collections
Prof A. Kovoor's collection, Prof. Stuiver's collection, Mr. Lionel Liyanage's collection. Mr. V. Manoharan's

collection. Professor Tissa R. Herat's collection. Prof. S. A. Kulasooriya's collections and the Sri Lanka

Collection.

Present collection of the IFS library:

Collection | Added during 2013 January- Total as at 31"
December December 2013
Books ‘ 103 6427
Theses ; 2 105
CDs 1 12 380
Maps 56 535
Reports 18 523
Subscription to journals 12 >1000
Exchange journal 14 >1000
Reprints i 15 728
Newspaper articles 1 26 112
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The following multidisciplinary journals are available on line / print version:

Journals Periods
01. Chemistry in Sri Lanka 1984-2013
02. Current Science 1999-2013
03. Economic Review Sri Lanka 2010-2013
04. JARQ-Japan Agricultural Research Quarterly 1998-2013
05. Journal of National Science Foundation of Sri Lanka 1973-2013
06. Journal of the Institute of Engineering, Sri Lanka 1994-2013
07. National Geographic 2008-2013
08. Nature 1962-2013
09. New Scientist 1982-2013
10. Resonance: Journal of the Science Education 2000-2013
11. Science 1955-2013
12. Scientific American 1951-2013

The Library also provides access to the OARE data base through subscription. OARE provides online access
to one of the world’s largest collections of environmental science research over 5710 peer-reviewed scientific
Jjournal titles and 1119 online books, owned and published by over 350 publishers as well provides online
subscriptions to specialized journals to individual scientists. Currently 40 specialized journals are available
online through this scheme.

Reader Services Statistics 2013

Total book circulation 720

Total journal circulation 195

Provided online journal articles 165

Number of visitors 10
Library Networks

Member of the SLSTINET and AGRINET

800,000.00 |

700,000.00

600,000.00

500,000.00 & Books

400,000.00 % Membership
= Journals

300,000.00
200,000.00
100,000.00

Budget allocation Rs. for ﬂwym few years

Conferences attended

e National Conference on Library and Information Science, (NACLIS) 2013. “New Technology, New
Trends, New Ideas Modifying the Library with the User in Mind”, 27" June 2013, Colombo, Sri
Lanka.
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o  The Annual General Meeting of the SLISTINET at National Science Foundation on 6™ March 2013. ‘

Current Research

Information needs and information seeking behavior of Geoscientists in Sri Lanka.

Other Activities

Made presentations on “Improving reading habits in children and introduction of Library System:
o B/Dehigolla Maha Vidyalaya, Mahiyangana — 29/07/2013
e K/Waththegama Liyangaswagura Adarsha Kanishta Vidyalaya, Kandy — 30/10/2013
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12. BUDGET

Total Annual Expenditure (Rs. ‘000)

Item 2008 2009 2010 2011 2012 2013

Personnel Emoluments 56,107 48,826 51,945 64,723 71,734 84,561

Traveling Expenses 591 338 570 531 . 581 532

Recurrent Supplies 5,355 7,822 6,763 7,484 8,952 10,018
Maintenance

Expenditure 4,165 6,035 5,063 5,454 3,796 2,891

Contractual Services 11,618 6,043 9,817 12,488 13,540 14,258

Other Expenses 237 6,992 2,509 4,042 4,306 5,185

' 78,073 76,056 76,667 94,722 102,909 117,445

Capital Capital Expenditure 1,344 11,216 15,123 29,731 52,644 49,210

1,344 11,216 15,123 29,731 52,644 49,210

Outside Grants Outside Grants 2,893 536 2,996 9,752 17,425 11,068
82,310 87,808 94,786 134,205 172,978 11,293

 Outside Grants

M Capital
180000 -

160000
140000 A
120000 A
100000 -]
80000 -

= Recurrent

60000 -
40000 T
20000

0 T T
2008 2009 2010 2011 2012 2013

Total Annual Expenditure for the past six years
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13. IFS STAFF NEWS -2013
13.1 RECRUITMENTS
The following staff were recruited to the IFS in 2013:

Research Fellow

Dr. H.W.M.A.C. Wijayasinghe

Dr. V.Y. Waisundara - Research Fellow
Mr. C.A. Thotawatthage - Research Assistant — Grade I
Dr. C.I. Clayton - Research Assistant — Grade 1
Mr. W.W.M.A B. Medawatte - Research Assistant — Grade |
Ms. SSM.M.P.K. Seneviratne - Research Assistant — Grade II
Mr. S.M.P.R. Kumarathilake - Research Assistant — Grade TI
Mr. K.M.S.D.B. Kulatunga - Research Assistant — Grade 11
Ms. C.L. Kehelpannala - Research Assistant — Grade II
Mr. R.T.N. Rajapaksha - Research Assistant — Grade 11
Mr. PHM.I.D.K. Herath - Research Assistant — Grade II
Ms. R.P.S.K. Rajapaksha - Research Assistant — Grade I1
Ms. U.G.S.L. Ranasinghe - Research Assistant — Grade II
Ms. T.P. Keerthiratne - Research Assistant — Grade I1
" Ms. JM.K.W. Kumari - Research Assistant — Grade 11
Ms. C.O. Gunasena - Management Assistant — Grade 111

13.2 INTERNATIONAL/NATIONAL COMMITTEES

Dr. Suresh P. Benjamin was elected as committee member of the Sri Lanka Association of the Alexander
von- Humboldt Fellows (SL-AvHF)

Prof. M.A.K.L. Dissanayake

e National Point of Contact (NPC) of Asian Physics Education Network (ASPEN, UNESCO) 2013.
Member, Board of Management of the Institute of Fundamental Studies (2013)
Member, Board of Management of the Postgraduate Institute of Science (PGIS), University of

Peradeniya (2013)

Member, Faculty Board of Science, University of Peradeniya (2013)
Chairman, Panel on Basic Sciences, National Science Foundation (NSF), Sri Lanka (2013)
Chairman/Member of the Committee on International Liaisons, National Science Foundation
(NSF), Sri Lanka (2013)

e Reviewer for Journal of Power Sources (Elsevier), and Electrochemical Acta (Elsevier) (2013) and
Journal of the National Science Foundation (JNSF), Sri Lanka (2013).

e Reviewer for several Research Grant Proposals from NSF, NRC and Universities

Dr. W.P.J. Dittus
e Editorial Board and Reviewer for J ournal of Primatology
e Reviewer for National Science Foundation (Sri Lanka)

Dr. M.C.M. Igbal
e Member of the General research Committee of the Sri Lanka Association for the Advancement of
" Science

e  Council member of the Royal Asiatic Society of Sri Lanka
e  Member of the Working Committee of the National Science Foundation

Prof. U.L.B. Jayasinghe,
e  Member, Research Committee of the Faculty of Science, University of Peradeniya.
e  Member, Governing Board of Institute of Fundamental Studies.
e Member, Editorial Board, Ceylon Journal of Science.




Prof N S Kumar
e Member, Technical Adwsory Committee on Good Laboratory Practices, Sri Lanka Accreditation

Board
® Member, Board of Trustees, Peradeniya University Art Gallery & Museum Project, University of
Peradeniya
Dr. R. Liyanage
Reviewer

24" Annual Congress of the PGIA 2013, University of Peradeniya
Bioscience, Biotechnology, and Biochemistry

British Journal of Nutrition

Peradeniya Umversnty Research Sessions 2012

Dr.DN. Magana-Arachchi o '
¢ Committee member; Board of Study in onchemlstry & Molecular Biology, Post Graduate Institute - -
of Science (PGIS), University of Peradeniya, Sri Lanka
¢ Committee member; Sri Lankan Society for Mlcroblology (SSM)

Prof. G. Seneviratne is an Associate Editor, Agnculture, Ecosystems and Enwronment, which is an SCI
_]ournal, published by Elsevier.

Dr. C.T K. Tilakaratne — Member of the NSF Working Committee on Science Popularization

Dr. Vlduranga Walsundara
e Appointed by the International Union of Food Science and Technology (IUFoST) as the Global
' Harmonization Initiative (GHI) Ambassador for Sri Lanka from April 2013 onwards
e Appointed as a Council Member of the Sri Lanka Academy of Young Scientists (SLAYS) from
December 2013 onwards

Reviewer - _ .

American Journal of Chinese Medicine, World Scientific

Food Chemistry, Elsevier

Journal of Traditional and Complementary Medicine, Committee on Chinese Medicine and
Pharmacy, Taiwan

Life Sciences, Elsevier

Third In’teﬁiatidn'a'l Symposium of the South Eastem University of Sri Lanka, 6-7 July 2013

13.3 PARTICIPATION IN INTERNATIONAL/NATIONAL WORKSHOPS/T RAINING
PROGRAMS/SEMINARS/CONFERENCES

Dr. Suresh P. Benjamin was invited to partlmpate in the 1* national symposium on soil biodiversity, 10% 11%
December 2013.

Mr. D.R. Charles attended - Geophysical Training conducted by Geol. Survey & Mines Bureau. Buttala,
Eppawala and various locations & several occasions in 2013.

Prof. M.AK.L. Dissanayake participated and presented a research paper on “Active Learning Methods in
Teaching Introductory Level Physics” at the Asia Pacific Physics Conference (APPC-12), Tokyo, Japan (14-
19 July 2013)

The followmg members of the IFS research group participated and presented research papers at the Solar
Asia 2013 International Research Conference held at University of Malaya, Kuala Lumpur, Malaysia, 22-24
August 2013.

Prof. M.A K L. Dissanayake (Sesswn Chair and Invited speaker)

Dr. GK.R. Senadeera (Invited speaker)

Mr. C.A. Thotawatthage (presenter) -

Ms. W.N.S. Rupasinghe (presenter)

Ms. H.N.M. Sarangika (presenter)

Ms.S.L. Jayaratne (presenter)
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The following members of the IFS research group participated at the Solar PV workshop held at University
of Ruhuna, Matara on 19-21 March 2013. '

Prof. M.A K.L. Dissanayake (Member, Organizing Committee)

Ms. K. Paramanathan (participant) '

Mr. C.A. Thotawatthage (participant)

Mr. Dammika Wijetunga participated in the 29™ Technical sessions of Institute of Physics, Sri Lanka (2013)

H. Delvinne, International Conference on Climate Change: Present concerns. 23-24 June 2013, Dept. of
Geography, Andhra University, Vishakapatanam, India.

Dr. Dittus was an invited plenary speaker at the Students Conference for Conservation Science, hosted by the
Indian Institute of Science at Bangalore, India, September 24-28, 2013.

Dr. Dittus and K.A.S. Gunathilake presented a paper at the International Conference on Asian Art, Culture
and Heritage. August 221-23, 2013. Colombo. The paper was entitled “A call to align the management of
Sri Lanka’s heritage sites with ancient cultural values and UNESCO policy”.

Dr. M.C.M. Igbal
¢  Second International Symposium on Water Quality and Human Health: Challenges Ahead held at PGIS,
Peradeniya from 15® to 16™, March 2013.
¢ Workshop on Green Chemistry held at Institute of Chemistry Ceylon, Rajagiriya on 04™ January 2013.
e Second YSF symposium held at HARTI, Colombo on 18™ January 2013.
69™Annual Session of the Sri Lanka Association of the Advancement of Science held at University of
Kelaniya from 2™ to 06™ December, 2013.

U.L.B. Jayasinghe. Invited Lecture “Search for Bioactive Compounds from Edible Fruits and Fungi
associated with them”. Dec. 9-12, 2013. 14" Asian Symposium on Medicinal Plants, Spices and other
Natural Products. Karachi, Pakistan

U.L.B. Jayasinghe. Invited Speaker, “Edible fruits: Beyond Nutritional Value” International Conference on
Natural Products 2013, 4-6" March, 2013, Selangor, Malaysia.

Ms. B. Jayatilake attended the 4th International Conference on Structural Engineering and Construction
Management, Kandy, Dec. 2013

Prof. S. A. Kulasooriya :

¢ 2nd International symposium on Water Quality and Human Health: Challenges Ahead, 15 & 16, March
2013, PGIS, University of Peradeniya: Chaired a technical session and co-authored a presentation.

s Discussion of Collaborative Research Findings of Chronic Kidney Diseases of Uncertain Aetiology
(CKDu), 26 Sept 2013, Committee Room A, BMICH, Colombo.

¢ National Symposium on Soil Biodiversity Conservation and Sustainable Use of Soil Biodiversity in Sri
Lanka, 10 & 11, December 2013, held at the Sri Lanka Institute of Development Administration,
Organized by the Biodiversity Secretariat, Ministry of Environment & Renewable Energy: Presented
the Guest Lecture entitled Soil Microbial Diversity and its use in Crop Production and Chaired a
Technical session.

e Technology Market Place organized by the Ministry of Technology & Research on Decemberl4 & 15,
at the BMICH, Colombo. Participated in the meeting and discussion on the 15 and displayed a Poster
and Rhizobial Inoculant packets in the IFS stall at the exhibition.

N.S. Kumar. Invited lecture on “Catechins and Proanthocyanidins from Tea (Camellia sinensis: Antifungal
Effects.” Dec. 9-12, 2013. 14™ Asian Symposium on Medicinal Plants, Spices and other Natural Products.
Karachi, Pakistan

R. Liyanage. Invited lecture on “Hypolipidemic and Hypocholestereomic Food Proteins and Pepties”. Annual
Sessions of the Nutrition Society of Sri Lanka, 2-3 February 2013, Taj Samudra, Colombo, Sri Lanka.
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D.N. Magana-Arachchi

e MMDR-4, 4™ International Symposium-cum-Training Course on Molecular Medicine and drug
research’, Dr. Panjwani Center for Molecular medicine and drug Research, International Center for
Chemical and Biological Sciences, University of Karachi, Pakistan. 7% to 10® January 2013.

*  Assessor Training Course for Good Laboratory Practice (GLP) — 28"-29" August 2013. Conducted

- by the Sri Lanka Accreditation Board for Conformity Assessment (SLAB).

e  Assessor Training Course for Laboratory Accreditation ISO 17025 — 06%-10% May 2013. Conducted
by the Sri Lanka Accreditation Board for Conformity Assessment (SLAB).

e Workshop on ‘Patent drafting’ — 28" - 01% February 2013. Organized by NSF, ITI and The Sri
Lanka Alumini Association of the International Development Law Organization (IDLO) in
collaboration with IDLO, Italy and the World Intellectual Property Organization (WIPO).

M.H.N. Mihiraj, International Symposium on Agriculture and Environment — Research to meet Global
Challenges.March 15, 2013, University of Ruhuna, Sri Lanka.

Mr. T.B. Nimalsiri attended the Laboratory Training Course at ICTP, Italy. May-June, 2013.

N. Piyasena. Participant. Certificate Course on “Intro_ductioh tot Gene Expression Studies”. July 11-12 2013,
Agricultural Biotechnology Centre, University of Peradeniya ' '

R.R. Ratnayake, participated in “Executive Technology Forum 2013: 23™- 25" October 2013 in Bangalore

S. Sayanthooran :

e Workshop on “Introduction to Gene Expression Studies”, organized by Africultural Biotechnology
Center, Faculty of Agriculture, University of Peradeniya, Sri Lanka, on 11* and 12 July, 2013.

e  Scientific and Engineering Symposium on “Environmental Pollution and Chronic Kidney Disease in -
NCP, Sri Lanka” held at Senate Room, University of Peradeniya, Sri Lanka, on 20® November,
2013. . '

¢ ‘“National Workshop on Scientific Writing” organized by National Science Foundation and
Postgraduate Institute of Science, University of Peradeniya, Sri Lanka, on 28" and 29" November,
2013.

G. Seneviratne — Participated in Agriculture, Ecosystems and Environment (AGEE) journal editors’ meeting
and First International Conference on Global Food Security (29 September 2013 to 02 October 2013-
Elsevier science publishers, The Netherlands.

Dr. N.D. Subasinghe attended-: v
¢ 3" International Conference on Advanced Measurement and Test, Xiamen, China. 13-14 March
2013 ' o
¢  Training course in radon measurement & radiation protection, Bangkok, Thailand. 9-13 Sept. 2013

Dr. M. Vithanage and Mr. S.S.R.M.D.H.R. Wijesekara participated the International Conference on Solid
Waste Management, Hong Kong, 5-10 May, 2013.

Dr. M. Vithanage> conducted an invited lecture in the Special Session of Biochar; Waste to Wealth at the
International Conference on Solid Waste Management, Hong Kong, 5-10 May, 2013. :

Dr. Viduranga Waisundara
® New Zealand Institute of Food Science and Technology Annual conference as an invited speaker,
session chair and judge of the student research symposium from 2-4 July 2013 in Hastings, New
Zealand - : .
13™ASEAN Food Conference from 9-11 September 2013 at the Singapore Expo, Singapore
Uva-Wellassa University Research Symposium from 12-13 December 2013 as a judge of the
Animal Science Technical Session

Dr. A. Wijayasinghe :
e 7" International Conference on Materials for Advanced Technologies ICMAT, 2013), Singapore,
2013
e 30® Sessions of Geological Society of Sri Lanka, Kandy, 2013
® 69" Annual sessions of Sri Lanka Association for the Advan
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®  Annual Academic sessions of the Open University of Sri Lanka, 2013
®  Annual research symposium of Uva-Wellassa University of Sri Lanka, 12-13 December 2013

Ms. Zahmeeth Sakkaff participated in IEEE International Conference ICIIS (2013).

13.4 ORGANIZATION OF SYMPOSIA/CONFERENCE/WORKSHOPS/TRAINING
PROGRAMMES

Prof. M.AK.L. Dissanayake: Member, International Advisory Committee, Solar Asia 2013 International
Research Conference, University of Malaya, KL, Malaysia 22-24 August 2013.Number of Participants: 100.

Prof. M.A.K.L. Dissanayake, Member Organizing Committee, Solar PV Workshop, University of Ruhuna,
Matara, 19-21 March 2013. Number of Participants: 70

" Dr.DN. Magana-Arachchi - Organizing committee member —2* Annual Conference and Scientific Sessions
of Sri Lankan Society for Microbiology (SSM) - 2013- 25™ October 2013.

Prof. V. Thevanesam, Prof. N.S. Kumar, Prof. U.L.B. Jayasinghe and Prof. B.M.R. Bandara, organized the
“Workshop on Extraction, Screening and Bioassays for the analysis of Microbial and Plant Products”.
Faculty of Medicine, University of Peradeniya & Institute of Fundamental Studies. Dec. 4-6 2013. (18
participants).

Dr. M. Vithanage co-organized the Biochar and Environmental Sustainability Workshop together with Prof.
Yoshiyuki Shinogi, Department of Agro-environmental Sciences, Faculty of Agriculture, Kyushu University,
Japan at the International Conference on Solid Waste Management, Hong Kong, 5-10 May, 2013. 22
participants from 10 countries.

Mr. Sanath Opatha participated in conducting technical training to technical officers from universities.

13.5 VISITS BY IFS SCIENTISTS

Dr. Viduranga Waisundara - The School of Chemical Sciences, University of Auckland, Auckland,
New Zealand

13.6 RESEARCH GRANTS RECEIVED DURING 2013

Prof. M.A K L. Dissanayake and Dr. G.K.R. Senadeera -
National Science Foundation, Sri Lanka; Title: “Optimization of the growth process of cadmium
sulfide (CdS) semiconductor thin films for efficiency enhancement in CdS/CdTe solar cells”. (2012-
2014) .

Prof. C.B. Dissanayake and Prof. M.A K.L Dissanayake
National Research Council, Sri Lanka; Title: “Synthesis, characterization and study of physico-
chemical properties of some polymeric materials in the form of nanofibres and their applications in
antimicrobial polymer nanofibre water filters and dye-sensitized solar cells” (2011-2014)

Dr. M. Vithanage
Indo-Sri Lanka Bilateral Research Grant on “Biochar for environmental management” funded by
Department of Science and Technology, India and Ministry of Technology and Research in Sri
Lanka. (2013-2015) ’

Dr. D.N. Magana-Arachchi
NRC 11-059 — “Gene expression analysis: Identifying the missing link in chronic kidney disease of
unknown aetiology (CKDu) in Sri Lanka”.

Dr. A. Wijaysinghe
Co-investigator, received an Inovative Research Grant-2013 (Rs. 3,695,000) from the Ministry of
Higher Education of Sri Lanka




Dr. M.C.M. Iqbal
National Research Council
¢ “Development of natural adsorbents for heavy metal and textile dye contaminated wastewater
treatment” (PI)
¢ “Floristics, heavy metal tolerance and phytomining potential of serpentine flora in Sri Lanka”
(Co-investigator)

Prof. N.S. Kumar and Prof. U.L.B. Jayasinghe '
NSF - (RG/2012/BS/06) “Bioactive molecules from endophytic microorganisms associated with
medicinal and allelopathic plants from Sri Lanka” Rs. 1,148,200.00

Prof. U.L.B. Jayasinghe and Prof. N.S. Kumar ‘
NSF - (RG/2012/AG/01) “Chemistry and Bioactivity of some popular edible fruits: Studies on
possible application in health and agriculture” - Rs. 1,870,964,

Prof. U.L.B. Jayasinghe and Prof. N.S. Kumar
NRC (Grant No. 12-032) “Bioactive metabolites from some selected Sri Lankan fruits and their
associated fungi: possible uses in agricultural, pharmaceutical and functional food products”
- Rs. 5,425,000.

- Prof. N. S. Kumar (Co- Investigator), Prof. V. Thevanesam (PI), Prof. B.M.R. Bandara (PI)

- NRC Grant No 11-122 “Characterization of the antibacterial activity of Triphala, a commonly used
ayurvedic product, against multiresistant human pathogens” - Rs. 4,818,430/40

Prof. U.L.B. Jayasinghe (Co —investigator), Dr. Kumudu Perera (PI)
NSF - (RG/2012/BS/01): Identification and isolation of ‘potential antidiabetic compounds ﬁom Sri
Lankan Medicinal Plants” - Rs. 1,306,000

Dr N.D. Subasinghe
¢ National Science Foundation Grant No: RG/2012/NRB/03 Continuved. Rs. 2,060,063
e National Inst. Radiological Sc., Japan, donated 2™ batch of passive radon detectors (50 detectors)
for the Radon Monitoring programme.
¢ International Atomic Energy Authority, Austria provided training and 50 track detectors for indoor
radon measurements.

14. RESEARCH PUBLICATIONS OF IFS MEMBERS — 2013

1. Akilavasan, J.; Wijeratne, K.; Moutinho, - H,; Al-Jassim, M.; Alamoud, A.RM.
Rajapakse RM.G.; Bandara, J. Hydrothermally synthesized titania nanotubes as a promising
. electron transport medium in dye sensitized solar cells exhibiting a record efficiency of 7.6% for 1- -
D based devices. J. Mater. Chem. A, 2013, 1, 5377-5385.

2. Akilavasan, J.; Wijeratne K.,; Gannoruwa, A.; Alamoud, A.R.M.; Bandara, J. Significance of
TiCl, post-treatment on the performance of hydrothermally synthesized Titania Nanotubes Based
Dye Sensitized Solar Cells, Apphed Nanoscience, 2013.

3. Arof, AK.; Aziz, M.F.; Noor, M.M.; Careem, M.A.; Bandara, L.R.AK.; Thotawatthage, C.A.;
Rupasinghe, W.N.S.; Dissanayake, M.A.K.L. Efficiency enhancement by mixed cation effect in
dye-sensitized solar cells with a PVdF based gel polymer electrolyte. Internatzonal Journal of
Hydrogen Energy, 2014, 39, 2929-2935. :

4. Bandara, T.M.W.]; Jayasundara, W.J.M.J.S.R.; Dissanayake, M.A.K.L.; Furlani, M; .Albinsson, I;
Mellander, B.-E. Effect of cation size on the performance of dye sensitized nanocrystalline TiO,
solar cells based on quasi-solid state PAN electrolytes containing quaternary ammonium iodides.
Electrochimica Acta, 109, 2013, 609— 616.

s. Bandaré, T.M.WJJ.; Svensson, T., Dissanayake, MLAK.L.; Furlani, M,; Jayasunda.ra

W.JMISR,; Femando, PS.L; Albmsson I.; Mellander, B.E. Conducthty behav1our in novel




10.

11

12.

13.

14.

15.

quasi‘-solid-stafe electrolyte based on polyacrylonitrile and tetrahexylammonium iodide intended for
dye sensitized solar cells. J. Natn. Sci. Foundation Sri Lanka. 2013, 41 (3): 175-184.

Bandara, T.M.W.]J.; Jayasundara, W.JM.J.S.R.; Dissanayake, M.A.K.L.; Fernando, H.D.N.S,;
Furlani, M.; Albinsson, I.; Mellander, B.-E. Quasi solid state polymer electrolyte with binary
iodide salts for photo-electrochemical solar cells. International Journal of Hydrogen Energy. 2014

39, 2997 -3004.

Benjamin, S.P. ‘On the crab spider genus Angaeus Thorell, 1881 (Araneae: Thomisidae). Zootaxa.
2013. 3635, 071-080.

Buddhika U.V.A.; Athauda A.R.W.P.K.; Kulasooriya S.A.; Seneviratne G.; Abayasekara C.L.
Emergence of diverse microbes on application of biofilmed biofertilizers to a maize growing soil.
Ceylon Journal of Science (Biological Science), 2013, 42 (2), 39-47.

Chandrajith, R.; Barth, J. A.C.; Subasinghe, N.D.; Merten, D.; Dissanayake, C.B. Geochemical
and isotope characterization of geothermal spring waters in Sri Lanka: Evidence for steeper than
expected geothermal gradients. J. Hydrology, 2013, 476, 360-369.

Chathuranga, P.K.D.; Priyantha, N.; Igbal, S.S.; Igbal, M.C.M. Biosorption of Cr(III) and Cr(VI)
species from aqueous solution by Cabombacaroliniana: kinetic and equilibrium study _
Environmental Earth Sciences. 2013, 70(2), 661-671.

Choo, S.C.C.; Lee, Y.H.; Waisundara, V.Y. Evaluation and characterization of antloxldant act1v1ty
of selected herbs and spices. J. Nat. Remedies. 2013, 13, 95-103.

Dissanayake, M.A.K.L.; Thotawatthage, C. A.; Senadeera, G.K.R.; Bandara, T. M. W. J;

- Jayasundara, W. J. M. J. S. R. ; Mellander, B.-E. Efficiency enhancement in dye sensitized solar

cells based on PAN gel electrolyte with PrNI + Mgl, binary iodide salt mixture. J Appl
Electrochem. 2013, 43:891-901.

Dissanayake, M.A.K.L.; Rupasinghe, W. N. S.; Jayasundara, J. M. N. L; Ekanayake, P.; Bandara,
T. M. W. I; Thalawala, S. N.; Seneviratne, V.A. Ionic conductivity enhancement in the solid
polymer electrolyte PEQ,LiTf by nanosilica filler from rice husk ash. J Solid State Electrochem.
2013, 17:1775-1783.

Dittus, W. P. J. Arboreal adaptations of body fat in wild toque macaques (Macaca sinica) and the
evolution of adiposity in primates. Am. J. Phys. Anthrop 2013, 152:333-344. DOL
10.1002/ajpa.22351

Gunathilaka, K.M.D.; Ratnayake, R. R.; Kulasooriya, S. A.; Karunaratne D. N. Evaluation of
cellulose degrading efficiency of some fungi and bacteria and their biofilms. Jour Narn Sci

- Foundation, 2013, 41 (2): 155 — 163.

16.

17.

18.

Herath, HM.L.L; Senanayeke, D.M.N.; Seneviratne, G.; Bandara, D.C. Variation of biochemical
expressions of developed fungal-bacterial biofilms over their monocultures and its effect on plant
growth. Tropical Agricultural Research. 2013, 24, 186-192.

Hobbs, B.A.; Fonseka, G.M.; Jones, A.G.; de Silva, S.N.; Subasinghe, N.D.; Dawes, G.; Johnson,
N.; Cooray, T.; Wijesundara, D.; Suriyaarachchi, N.; Nimalsri, T.; Premathllake, K.M.; Kiyan,
D.and Khoza, D. Geothermal Energy Potential in Sri Lanka: A Preliminary Magnetotelluric Survey
of Thermal Springs. Jour. Geol. Soc. Sri Lanka. 2013, 15, 69-84.

Jayasundara, W.J.M.J.S.R.; Bandara, TM.W.J.; Femando, P.S.L,; Fermando, H.D.N.S.;
Dissanayake, M.A.K.L.; Bandara, LR.AK.; Mellander, B.-E. Conductivity and Thermal
Properties of PAN Based Polymer Electrolytes for Possible Application in Photo Electrochemical
Solar Cells. Journal of Electrical Engineering. 2013, 34-39.
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. Kumara, N.T.R.N.; Ekanayake, P.; Lim, A.; Louis Liew Yu Chiang.; Iskandar, M.; Lim Chee

Ming.; Senadeera, G.K.R. Layered co-sensitization for enhancement of conversion efficiency of
natural dye sensitized solar cells. Journal of Alloys and Compounds. 581, 2013, 186-191.

Kuruppuarachchi, K. A. J. M.; Seneviratne, G.; Madurapperuma, B.D. Drought induced fine root
growth and canopy green-up of tropical dry zone vegetations in Sri Lanka. Journal of Tropical
Forestry and Environment. 2013, 3, 17-23.

Kuruppuarachchi, K. A. J. M.; Seneviratne, G. Predicting above ground biomass increment of
tropical forests from litter-fall. Ceylon Journal of Science (Biological Science). 2013, 42(1), 35-40.

Lee, Y.H.; Waisundara, V.Y. A comparative study on the antioxidant activity of commonly used
South Asian herbs and spices. J. Tradit. Complement. Med, 2013, 3, 263-267

Liyanage, M.; Magana-Arachchi, D; Chandrasekharan, N. Identification of Cylindrospermopsin
and Cylindrospermopsisr aciborskii from Anuradhapura District, Sri Lanka. Jowrnal of
Ecotechnology Research, 2013, 17[1], 23- 28.

Magana-Arachchi, D.N.; Wanigatunge, R.P. First report of genus Chroococcidiopsis
(cyanobacteria) from Sri Lanka: a potential threat to human health. Journal of the National Science
Foundation of Sri Lanka. 2013, 41 (1), 65- 68.

Nalaka, G. D. A.; Sivanathawerl, T.; Igbal, M. C. M. Scaling aboveground biomass from small
diameter trees. Tropical Agriculture Research. 2013, 24: 150-162.

Nanayakkara, A; Mathanaranjan T. Explicit energy expansion for general odd degree polynomial
potentials, Phys. Scr. 2013 88, 055004 :

Nanayakkara, A; Mathanaranjan T. Isospectralhermitian counterpart of complex non-Hermitian
Hamiltonian p2 - gx4 + a/x2. Can. J. Phys. 2013, 91, 599

Nanayakkara, A. Effects of complex time on periodic and non-periodic classical trajectories of 1-
D Hamiltonian systems. Can. J. Phys. 2013, 91,293

Rajapaksha, A.U.; Vithanage, M.; Ok, Y.S; Oze, C. Cr(VI) formation related to Cr(111)-muscovite
and bimessite interactions in ultramafic environment. Environ. Sci. Technol, 2013, 47, 9722-9729.

Ratnayake, R.; Seneviratne, ‘ G., Kulasooriya S. A. Effect of soil carbohydrates on nutrient
availability in natural forests and cultivated lands in Sri Lanka. Eurasian Soil Science, 2013, 46, (5):
579 - 586. :

Gunathilake, K.M.D., Ratnayake, R.R., Kulasooriya, S.A., Karunaratne, D.N. Evaluation of
Cellulose Degrading Efficiency of some fungi and bacteria and their biofilms. Journal of National
Science Foundation, 2013., 41: 155-16. '

Seﬁéviratne, K.A.C.N.; Daundasekera, M.; Kulasooriya, S. A.; Wijesundara, D.S.A. Development
of rapid propagation methods and a miniature plant for export-oriented foliage, Zamioculcas
zamiifolia. Ceylon Journal of Science (Bio. Sci.) 2013, 42(1): 63-70. : '

Seneviratne, G.; Kulasooriya, S.A. Reinstating soil microbial diversity in agroecosystems: The
need of the hour for sustainability and health. Agriculture. Ecosystems & Environment. 2013, 164,
181-182.

Subasinghe, N.D.; Mahakumara, P.; Nimalsiri, T.B.; Suriyaarchchi, N. B.; limoto, T.; Ishikawa, T.;
Omori Y. and Dissanayake, C.B. Measuring Radon and Thoron Levels in Sri Lanka. Advanced
Materials Research. 2013, 718-720, 721-724.

Subasinghe, N.D. Observations and Interpretation on the Past Microbial Activities at Eppawala
Phosphate Deposit. Jour. Geol. Soc. Sri Lanka. 2013, 15, 99-110.
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37.

38.

39.

Thayaparan, M.; Igbal, S.S.; Chathuranga, P.K.D.; Iqbal, M.C.M. Rhizofiltration of Pb by
Azollapinnata. International Journal of Environmental Sciences. 2013, 3(6), 1811- 1821.

Townley, M.A.; Harms, D.; Benjamin, S.P. Phylogenetic affinities of Phobetinus to other pirate
spider genera (Araneae: Mlmendae) as indicated by spinning field morphology. Arthropod Structure
& Development. 2013, 42, 407-423.

Yuri, M.; Omelko, M.; Benjamin, S.P. The first description of adult female of Borboropactus
asper (0. P.-Cambridge, 1884) from Sri Lanka (Araneae: Thomisidae). Zootaxa. 2013. 3737, 197-
200.

Yatigammana, S.; Perera, B.; Atukorala, N. Seasonal water quality changes in reservoirs in
different climatic regions of Sri Lanka. Journal of Ecotechnology Research, 2013, 17, 17-22.

RESEARCH PUBLICATIONS IN PRESS - 2013

1.

Ahmad, M.; Rajapaksha, A.U.; Lim, J.E.; Zhang, M.; Bolan, N.; Mohan, D.; Vithanage, M.;
Lee, S.S.; Ok, Y.S. Biochar as a sorbent for contaminant management in soil and water: a review.
Chemosphere. 2013 (in press).

Ahmad, M.; Vithanage, M.; Kim, K.; Cho, J.S.; Lee, Y.H.; Joo, YK.; Lee, S.S,; Ok, Y.S.
Denitrification of nitrate in groundwater contaminated by veterinary antibiotics. The Scientific
World Journal. 2013 (accepted).

Arof et al Paper: ht_tp://www.sciencedirect.com/science/article/nii/803603l991301728X.
2013 (in press)

Bandara T.M. W.J. Paper: http://www.sciencedirect. com/sclence/amcle/gu/80360319913013955
2013 (in press)

Chathuranga, P.K.D.; Dissanayake, D.M.R.E.A.; Priyantha, N.; Igbal, S.S.; Igbal, M.C.M.
Biosorption and desorption of Pb(Il) by Hydrillaverticillata. Bioremediation Journal. 2013. (In
press)

Dharmaratne, M.P.J.; Manoraj, A.; Thevanesam, V.; Bandara, BM.R.; Ekanayake A.; Kumar N.S.
Antibacterial activity of aqueous extracts of Terminalia chebula fruit against some multidrug-

-~ resistant human pathogens. International Journal of Research in Pharmaceutical and Biomedical

10.

11.

Sciences. 2013, (in press).

Herath, HM.L.L; Rajapaksha, A.U.; Vithanage, M.; Seneviratne, G. Developed fungal-bacterial
biofilms as a novel tool for bioremoval of hexavelant chromium from wastewater. Chemistry and
Ecology. 2013 (in press).

Dissanayake, D.M.R.E.A.; Chathuranga, P.K.D.;‘ Perera, P.I; Igbal, M.C.M. Potential use of
azollapinnataas a biosorent for removal of aqueous lead(Il). - International Journal of Biological
Sciences and Engineering. 2013.(in press)

Nanayakkara, A; Mathanaranjan, T. Effects of complex parameters on classical trajectories of
Hamiltonian systems Pramana. J Phys (in press 2013)

Ratnayake, R.R.; Kugendren, T; Gnanavelrajah, N. Changes in soil carbon stocks under different
agricultural management practices in North Sri Lanka. Journal of National Science Foundation,
2013. (accepted)

Sewwandi, B.G.N.; Vithanage, M.; Wijesekara, S.S.R.M.D.H.R.; Mowjood, M.I.LM.; Hamamoto,
S.; Kawamoto, K. Adsorption of Cd(II) and Pb(II) onto Humic Acid Treated Coconut (Cocos
nucifera) Husk. Journal of Hazardous, Toxic, and Radioactive Waste Mgmt. 2013, (accepted).



http://www.sciencedirect.com/science/article/pu7S036031991301728X
http://www.sciencedirect.com/science/article/pii/S0360319913013955

13.

14.

. Usman ARA A]maroa1 Y. Ahmad M Vlthanage, M.; Ok, YS Tox1c1ty of of synthetxc
chelators and metal availability in poultry manure amended Cd, Pb and As contaminated agricultural
soil. J. Haz. Mat. 2013 (m press).

Vithanage, M.; Rajapaksha, A.U.; Wijesekara, H.; Weerarathne, N.; Ok, Y.S. Effects of soil type
and fertilizer on As speciation in rice paddy contaminated with As-containing pesticide. Enwron
Earth Sci. 2013 (in press). .

Vithanage, M.; Rajapaksha, AU Dou, X.; Bolan, N.S.; Ok Y.S. Surface complexation modehng
and spectroscopic evidence of antimony adsorptlon on iron-oxide-rich red earth soils. J. Collozd
Interface Sci. 2013 (accepted). :

14.1 OTHER PUBLICATIONS

1.

2. Akilavasan, J. Dye Sensitized Solar cells (Tamil), Jaffna Science Magazine 2013.

3. Waisundara, V.Y. Wisdom from our ancestors: The efficacy of traditional diets. Global
Harmonization Initiative Newsletter (October/December 2013). 2013, 11, 7.

4. Magana-Arachchi D. N. and Liyanage H. M. Hethuwak nodhanna kalika wakugadu akarmanya
saha neelaharitha algae. Suwahasara, Wakugaduroga niwaranaye palamu pimma., 2013. P- 75-76.

NEWSPAPER ARTICLES

1. Nawa havitha lovakata maga kiyana jeewa anguru (Biochar for a green future) S.S. Mayakaduwa,
M. Vithanage. Vidusara, 16 January 2013.

~ 2." Lowa sidu u bihisunu rasayanika anathuru (World’s worst chemical accidents), S S.RM.D.HR.
Wijesekara, M Vithanage. Vidusara, 13 February 2013. :

3. Apata nuhuru Iowata huru Antimony (Antimony in the environment), M. Vlthanage Vidusara, 20
March 2013.

4. Praba rasayanika dumaraya ha badunu ithihasagatha kedawachaka (Historical disasters of
Photochemical smog), S.S.R.M.D.H.R. Wijesekara, M. Vithanage. Vidusara, 24 April 2013.

5. Ammonium nitrate ashrita lowa bihisunu anaturu (Ammonjum nitrate disasters in the world),
- S.M.P.R. Kumarathilaka, M. Vithanage. Vidusara, 22 May 2013.

- 6. Anagata mahamaga perelikaraya; Hydrogen vahana (Future leader of the road; Hydrogen fuel cell
. vehxcals), S.M.P.R. Kumarathilaka, M. Vithanage. deusara, 21 August 2013.

7. Kamhalwalin parisarayata wisha rasayana dravya ekathuweema walak wimata divihimiyen satan
kala gehaniya (Chromium abatement in the USA) S.8. Mayakaduwa, M. Vithanage. Vidusara, 04
. September 2013. .

8. Dushitha jalaya pifipahaduwa sadaha thethbim bavithaya (Application of wetlands for polluted
water treatment), K.P.P. Udayagee, M. Vithanage. Vidusara, 09 October 2013.

9. Thakshanika Iokaye meelaga harawum lakshaya, nano thakshanaya (Nanotechnology, The next
turning point in the technological world), Subash Wikaramasinghe, M. Vithanage. Vidusara, 27
November 2013.

10. Anagata abiyogayan venuven nano anshu bawitaya (Usage of nano particles for future challenges), |

Akilavasan, J. One —Dimensional Titania Nanotubes as a Promising Electron Transport Medium in
Dye Sensitized Solar Cells, YSF NEWSLETTER, 2013 Issue —~ 05 ISSN 2235 — 9184

S.M.P.R. Kumarathilaka, M. Vithanage. Ada, 04 November 2013.
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13.

14.

15.

16.

. Pasa ha jalaye sulaba visha rasayana drawya (Common pollutants in water and soil), SM.P.R.

Kumarathilaka, M. Vithanage. Vidusara, 06 November 2013.

. Jivithaya Jaya Ganna Artha Purna de Kivavanna, T.C.P. Thilakarathna , Mihira, , October 14, 2013.

Newspaper articles
Kulasooriya, S. A. The Algal Bloom at the Ulhitiya Reservoir. The Island, 20™ March, 2013.

Kulasooriya, S. A. In Sinhala: “Ulhitiya Jalashaye algie wyansnaya” Vdusara Science Magazine of
3" April 2013. ‘ -

Ramanayake, W. (2013). World Heritage site in danger with power lines coming up in nature
Sanctuary. Sunday Times newspaper (News) April 14, 2013.

http://www.sundaytimes.lk/1304 14/news/world-heritage-site-in-danger-with-power-lines-coming-
up-in-nature-sanctuary-40926.htmi

N.D. Subasinghe. 860 848 40wsmidn0 Besg® ) mvews’ 88w Nawayugaya (2013 March) V.
57(07) p.18-20

14.2 CHAPTERS IN BOOKS

L.

T.H.N.G. Amaraweera, N.W.B. Balasooriya, H. W.M.A.C. Wijayasinghe, A.N.B. Attanayake and
M.AKL. Dissanayake, Effect of Purity Enhancement on Surface Modification of Vein Graphite,
Accepted to Novel Solution Processes for Nano and Biomaterials, Pan Stanford Publishing,
Singapore

Dittus, W. P. J. Toque Macacque. In: Johnsingh A. J. T., Manjrekar, N. (Eds) Mammals of South
Asia, Volume 1. Universities Pres (India), Hyderabad (AP), 2013, pp 170-186.

Geekiyanage, N., Vithanage, M., Wijesekara, S.S.R. M.D.H.R.., Pushpakumara, D.K.N.G. State of
the Environment and Environmental Governance in Sri Lanka. In: Sacchidananda Mukherjee and
Debashis Chakraborty (Ed), Routledge, U.K. Environmental Challenges and Governance: Diverse
perspectives from Asia (ISBN: 9780415721905) 2013 (accepted). ’

Kulasooriya, S.A., Ekanayake, EM.H.G.S,, Kosala Kumara R.K.G. and Gunarathna HM.A.C. In:
K. Pramanik (ed.) Industrial and Environmental Biotechnology, Chapter 26, Use of rhizobial
inoculants could minimize environmental health problems in Sri Lanka. 2013: 424 - 434 (in press).

Liyanage R., Jayawardana B.C., Kodithuwakku S.P. Potential Novel Therapeutics: Some Biological
Aspects of Marine-derived Bioactive Peptides. In: Marine proteins and peptides: Biological
activities and applications, 2013.

Dhammika Magana-Arachchi. “Epidemiology of MDR-TB”; In: Bassam Mahboub and Mayank G
Vats (ed). Tuberculosis- Current issues in Diagnosis and management. In Tech publishers,
ISBN 978-953-51-1049-1, 2013, Chapter 11, 183-201.

Seneviratne, G., Weeraratne, N., Budd_hika, U.V.A. Diversity of plant root associated microbes: its
regulation by introduced biofilms. In: Plant Microbe Symbiosis- Fundamentals and Advances. N.K.
Arora (ed.), Springer, India, 2013, pp. 351-372.

Vithanage, M., Wijesekara, S.S.RM.D.H.R., Siriwardana, A.R., Mayakaduwa S.S., Ok, Y.S.
Management of Municipal Solid Waste Landfill Leachate: A Global Environmental Issue.
Environmental Deterioration and Human Health: Natural and anthropogenic determinants. In: Abdul
Malik, Elisabeth Grohmann and Rais Akhtar (Ed). Springer, The Netherlands, 2013, pp 236-287
(DOI 10.1007/978-94-007-7890-0_11) (accepted).
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143 CONFERENCE ABSTRACTS / PAPERS

l.

10.

11.

12.

13.

Abeygunawardhana, P.W.; Thotawatthage, C.A.; Senadeera, G.K.R.; Dissanayake, M.A.K.L.
Efficiency dependence on dipping time and pH value of natural dye of nanocrystalline, nanoporous
TiO, photo sensitizer. Solar Asia 2013 international Research Conference, University of Malaya,
KL, Malaysia 22-24 August 2013,

Alakolanga, A.G.A.W.; Kumar, N.S.; Jayasinghe, U.L.B. Bioactivity studies, potential uses and
LC-MS/MS analysis of Flacourtia inermis fruits extracts, Proceedings of the Peradeniya University’
Research Sessions (PURSE), July 3. 2013, p 173

Amarasinghe, K. V. L.; Seneviratne, V. A.; Bandara, L. R. A. K.; Dissanayake, M.A.K.L.
Electrical and Optical Studies on PAN-LiBF, Based Gel Polymer Electrolytes. Proc. International
Conference on Structural Engineering & Construction Management (ICSECM 2013), Kandy, Sri

Amaraweera, TH.N.G.; Balasooriya N.W.B.; Wijayasinghe H.W.M.A.C.; Attanayake, A.N.B.;
Dissanayake, M.A.K.L. Purity Enhancement of Sri Lankan Vein Graphite for Lithium-ion
Rechargeable Battery Anode. Proceedings of the GSSL annual sessions, Inst Fund Studies, Kandy,
Sri Lanka, 2013. '

Amaraweera, T.H.N.G.; Balasooriya, N.W.B.; Wijayasinghe, H.W.M.A.C. ; Attanayake, A.N.B.;
Dissanayake. M.A.K.L. Purity Enhancement of Sri Lankan Vein Graphite Jor Lithium-ion
Rechargeable Battery Anode. Proceedings, 30" Technical Sessions of Geological Society of Sri
Lanka, 2013, p 101. ' .

Amaraweera, T.H.N.G.; Balasooriya, N.W.B.; Wijayasinghe. H.W.M.A.C.; Mild oxidation of vein
graphite for the anode of lithium ion rechargeable batteries, Annual sessions of the Sri Lanka
Association for the Advancement of Science, 2013, p 277. '

Balasooriya, B.M.R.S.; Vithanage, M.; Mowjood, M.IM,; Kawamoto,I K.; Zhahg, M.; Herath,
G.B.B.; Hara, J.; Komai, T. Landfill site selection and evaluation of Gohagoda and Udapalatha
dump sites in Kandy district using GIS, SLICR 2013. o

Balasooriya, B.M.R.S.; Vithanage, M.; Mowjood, M.L.M.; Kawamoto, K.,; Komai, T.; Zhang, M.;
Herath, G.B.B.; Hara, J. Selection of land disposal sites for solid waste using GIS and risk
assessment theories: A case study for Kandy District, SnLanka A_CEPS 2013.

Balasooriya, B. M. R. S.; Vithanage, M.; Mowjood, M. 1. M.; Kawamoto, Ken.,; Komai, T.;
Zhang, M.; Herath, G. B. B.; Hara, S. Integrating GIS and semi quantitative risk matrix for landfill
site selection. International Conference on Solid Waste, Innovation in Technology and Management
(ICSWHK2013), Hong Kong, 5th-8th May 2013.

Bandara, TM.W.J.; Jayasundara, W.JM.J.S.R.; Dissanayake, MLA.K.L.; Thotawatthage, C.A. ;
Senadeera, G.K.R.; Bandara L.R.A.K.; Mellander, B.-E. Dye-Sensitized Solar Cells Based on
Nano Porous TiO, and Gel Polymer Electrolytes Containing Tetrapropylammonium Iodide and 1-
Methyl-3-Propylimadazolium lodide Binary Iodide System. Solar Asia 2013 international Research
Conference, University of Malaya, KL, Malaysia 22-24 August 2013.

Buddhika, U.V.A.; Seneviratne, G.; Aba&a'sekara, C.L. Influence of developed fungal-bacterial
biofilms on sustainability of maize agriculture in Sri Lanka. International Conference of Agri
Animal 2013, 8-9 July at the Sri Lanka Foundation Conference Center, Colombo 07, Sri Lanka,
2013, P 52.

Buddhika, U.V.A.; Seneviratne, G.; Abayasekara, C.L. (2013) Nitrogen fixation of developed
biofilms compensates dudeced nitrogen use in maize (Zea mays L.). 2™ Annual Conference and
Scientific Sessions of Sri Lankan Society for Microbiology, PGIS, University of Peradeniya, 25
October, 2013, P 21.

Buddhika, U.V.A_; Seneviratne, G.; Abayasekafa, C.L. (2013) Soil biodiversity loss and its reversal
by using developed microbial biofilms in agroecosystems. National Symposium on “Soil
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Biodiversity” 2013, Biodiversity Secretariat-Ministry of Environment and Renewable Energy,
Colombo. 10-11 December 2013.

Chandrasiri, N.P.N.K.; Seneviratne G.; Jinadasa, D.M. (2013) Sugarcane (Saccharum officinarum)
trash decomposition with a developed fungal-bacterial biofilm. Proceedings of the Undergraduate
Research Symposium, Faculty of Agriculture, Rajarata University of Sri Lanka, 31 July 2013, P 71.

Chathuranga, P.K.D.; Igbal, M.C.M; Priyantha, N.; Igbal, S.S., Biosorption of lead(Il) from
aqueous solutions by Hydrillaverticillata. In Second International Symposium on Water Quality and
Human Health: Challenges Ahead, 15™ - 16™March, 2013, PGIS, Peradeniya.

De Silva, G.G.E.H.; Kumar, N.S.; Jayasinghe, U.L.B. Bioactive constituents from the ethyl
acetate extract of the fruits of Garcinia cambogia, (PURSE), July 3. 2013, p 172

Dharmapriya, P.L.; Malaviarachchi, S.P.K.; Subasinghe, N.D.; Dissanayake, C.B. Orthopyroxene-
Sillimanite-Quartz Assemblage in Sapphirine Granulites: Sign for Ultra High Temperature
Metamorphism in the Central Highland Complex, Sri Lanka Proceedings of the 29" Annual
Technical Sessions, Geol. Soc. Sri Lanka. 2013, p.45-48.

Dissanayake, D.M.R.E.A.; Chathuranga, P.K.D; Perera, P.1.; Igbal, M.C.M. Potential use of
azollapinnataas a biosorent for removal of aqueous lead(Il). In Second International Symposium on
Water Quality and Human Health: Challenges Ahead, 15th — 16th March, 2013, PGIS, Peradeniya.

Dissanayake, D.M.R.E.A.; Chathuranga, P.K.D; Iqbal, M.C.M. Desorption of lead(ll) from
Azollapinnataafter biosorption. In 69th Annual Session of the Sri Lanka Association of the
Advancement of Science, 2nd — 06th December, 2013, Colombo.

Dissanayake, D.M.R.E.A.; Chathuranga, P.K.D; Igbal, M.C.M. Desorption of Pb(II) and Cr(1lI)
from metal loaded Hydrillaverticillataand Cabombacarolinianabiosorbents. In 2nd YSF symposium,
18th January, 2013, Colombo.

Lakshman Dissanayake, M.A.K. Efficiency enhancement by mixed cation effect in ‘dye
sensitized solar cells based on polymer electrolytes. Invited presentation-Solar Asia 2013
international Research Conference, University of Malaya, Kuala Lumpur, Malaysia 22-24 August
2013.

Lakshman Dissanayake, M.A.K. Active Learning Methods in Teaching Introductory Level
Physics. Proc. The 12™ Asia Pacific Physics Conference July 14-19, 2013, Makuhari, Chiba, Japan.

Keynote Address by Prof. Lakshman Dissanayake, M.A.K. at the Wayamba University General,
convocation held on 28™ May 2013 at BMICH: “Human Resources Development in Science and
Technology in Sri Lanka”

Dittus, W. P. J.; Gunathilake, K. A. S. A call to align the management of Sri Lanka’s heritage sites
with ancient cultural values and UNESCO policy. (Abstract) International Conference on Asian
Art, Culture and heritage. Centre for Asian Studies, University of Kelaniya, Sri Lanka, 2013.

Divarathne, H.K.D.W.M.N.R.; Dissanayake, M.A.K.L.; Senadeera, G.K.R.; Thotawatthage,
C.A. Quasi -solid state dye - sensitized solar cells based on electrospunpolyacrylonitrile (pan)
nanofiber membrane electrolyte. Solar Asia 2013 international Research Conference, University of
Malaya, KL, Malaysia 22-24 August 2013.

Fernando, W.L.T.; Perera, HK..; Athauda, S.B.P.; Kumar, N.S.; Jayasinghe, U.L.B.;
Sivakanesan, R. (2013). Bioactive compounds from Trigonella Foenum-graecum L seeds with
pancreatic amylase and lipase inhibitory activity, Proceedings of the Peradeniva University
Research Sessions (PURSE), July 3, 2013

Gangoda, WM.A.S.; Kumar, N.S; Jayasihghe, U.L.B. Bioactive extracts from fruits of Manilkara
zapota. (PURSE — 2012), July 3, 2013. p 289.




29.

30.

31.

32,

33.
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. Herath, EM.;

Vithanage, M. Water quality assessment of drinking water; A case study from
Rajarata University, Mihintale, Sri Lanka. Special Session on Urban Water Environment Monitoring
& Management, Conference on Structural Engineering and Construction Management, Kandy, Sri
Lanka, 13-15th December 2013. : :

Herath, P; Nanayakkara, A. Investigation bf Light Intensity of Single Bubble Sonoluminescence
(SBSL) in Water and Fluorescein Sodium Solution, Proceedings of the Technical Sessions, 2013, 29,
43 IPSL.

Herath, HM.D.AK ; Weerasinghe, P.A.; Bandara, D.C.; Iqbal, M.C.M.; Wijayawardhana. H.C.D.
Effect of Cadmium on growth, uptake and accumulation in new improved and traditional rice
(Oryza sativa) varieties in Sri Lanka. Third Annual Research Symposium 2013. Extended Abstracts,

Pp-27-28. Rajarata University of Sri Lanka, Mihintale February 7, 2013.

Hettiarachchi, C. S.; Abajasékera, C.L.; Rajapakse, S.: Kulasooriya, S. A.; Sarawanakumar, P.
Screning of stress tolerant rhizobial isolates from wild legumes growing in the Southern coastal
regions of Sri Lanka. Proc 33™ Annual Sessions, Institute of Biology, September 2013: abstract, p.
49 :

Hettiarachchi, C. S.; Sarawanakumar, P.; Abayasekera, C. L.; Rajapakse, R. G. S. C.; Kulasooriya,
S. A. Development of rhizobial inoculants which can reduce fertilizer use in Glycine max (soybean)
cultivation in Sri Lanka. Proc 18" International Congress on Nitrogen Fixation, Miyazaki, Japan, 14
— 18, October 2013: Abstract PLL15 -3, p. 140.

Jayaratne, S.L.; Dissanayake, M.A.K.L.; Senaviratne, V.A.; Thotawatthage, C.A. ; Senadeera,
G.K.R. Efficiency Enhancement in Dye Sensitized Selar Cells based on blended polymer electolyte

- PMMA:PEG with Pr,N'T" as the iodide salts. Solar Asia 2013 International Research Conference,

34,

35.
36.
37.

38.

39.

40.

138

University of Malaya, KL, Malaysia 22-24 August 2013,

Jayathilaka, P.B.; Pathiraja, G.C.;, Subasinghe, N.D.; Bandara, A.; Nanayakkara, N.
Electrochemical Oxidation Techniques for Urban Water Management - Presented at the »
International Conference on Structural Engineering & Construction Management-ICSECM 2013,

Jayathilaka, C.; Perera, O.S.; Kulasooriya, S.A.; Liyanage, R. Protein and Micronutrient content of
Moringa oleifera (Moringa) leaves collected from different localities in Sri Lanka,13 ® Asean Food
Conference, September 9-11,2013. Singapore.

Karunawansha, S.; Nanayakkara, A. Determination of Maximum Gas Pressure of Collapsing
bubbles in Single Bubble Sonoluminescence in Sulfuric Acid. Proceedings of the Technical Sessions,
2013, 29, 65 IPSL. ‘

Kulasooriya, S.A.; Seneviratne, G. (2013) Soil microbial diversity and its use in crop production.
National Symposium on “Soil Biodiversity” 2013, Biodiversity Secretariat-Ministry of Environment -
and Renewable Energy, Colombo. 10-11 December 2013. : ‘

Kulasooriya, S.A.; Seneviratne, G. Guest Lecture: Soil microbial diversity and its use in crop
production. In: Proccedings of the National Symposium on Soil Biodiversity, 10 & 11 Dec, 2013,
Sri Lanka Institute of Development Administration, Biodiversity Secretariat, Ministry of
Environment & Renewable Energy: 2013, p. 1 — 14,

Kulasooriya S.A. Harnessing Natural Resources for Sustainable Development. Keynote address, 4™
International Symposium on Harnessing Knowledge Through Research to Address Emerging Global
Issues, January 11 & 12,2013, Sabaragamuwa University of Sri Lanka, Belihul Oya: 2013, 08 pp _

Kumari, D.W.M.M.M.; Wimalasiri, KM.S.; Liyanage, R. Effect of Different Drying Methods on
Total Antioxidant Activity, Total Phénolic Content and Ascorbic Acid Content of Star Fruits
(Averrhoa carambola), 2013. PURSE. ‘ '
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42,

43.

45.
46.

47.
48.

49,

50.
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52.

53.
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Kumari, D.W.M.M.M.; Perera, O.S.; Wimalasiri, K.M.S.; Liyanage, R. Effect of different drying
methods on antioxidant actlvxty, total phenolic content and ascorbic acid content of Star fruits
(Averrhoa carambola),13 ™ ASEAN Food Conference, September 9-11, 2013. Smgapore

Kuruppuarachchi, K.A.J.M.; Seneviratne , G.; Madurapperuma, B.D.; Oduor, P. G. (2013)
Turnover rates of soil organic carbon fractions determine carbon sequestration potential of tropical
forests in Sri Lanka. North Dakota Academy of Science. Proceedings of the 105" Annual meeting.
Proceedings of North Dakota Academy of Science, USA Vol. 67, 2013 (ISBN 0096-9214).
http://www.ndacadsci.org/annual-meeting

Lakmini, G.W.A.S.; Perera, ULL.; Perera, G.D.RK.; Perera, O.S.; Wijesuriya, NW.K,;
Jayawardana, B.C.; Vidhanarachchi, J.X.; Liyanage, R. Cowpea (Vigna unguiculata L. Walp.)
incorporated exgenmental diets modulate serum lipids and cecal microfiora in Wistar rats (Rattus
norvegzcus),l3 ASEAN Food Conference, September 9-11, 2013. Singapore.

. Liyanage, H.M.; Magana - Arachchi, D.N.; Padmasiri, J.P.; Kulasooriya, S.A;

Chandrasekharan. N.V.  Detection and quantiﬁcation of Cyanotoxins; Microcystin and
Cylindrospermopsin from Kurunegala water reservoirs and water sources using biochemical
methods. Proceedings of the Sri Lanka Association for the Advancement of Science. 69" Annual
Session. 424/D, 2013.

‘Madegedara, RM.D.; Weerasekera, D.K.; Magana-Arachchi D.N. (2013). Detection of Non-
tuberculosis mycobacteira (NTM) in bronchoscopy specimens using molecular techniques -
European Respiratory Society (ERS) Annual Congress 2013 September 7-11, 2013, Barcelona,
Spain.

Madurapperuma, B. D.; Kuruppuarachchi, K. A. J. M.; Munasinghe, J. U.; Seneviratne, G. (2013)
Evaluating temporal changes in vegetation using TM data in the Mihintale Divisional Secretaria
Division in Sri Lanka. Pp. 31-34. First National Conference on Livelihoods, Biodiversity and
Ecosystem Services, Sri Lanka Foundation Institute, 26-27 September 2013.

Manthirathna, M.AN.C.; Amaraweera, T.H.N.G.; Wijayasinghe, H.W.M.A.C. Li,CO;-coated Sri
Lankan vein graphite electrode for rechargeable Itthzum -ion battery, Annual Research Symposium
of the Uva Wellassa University of Sri Lanka, 2013, p 28.

Madusanka, Y.V.; Amaraweera, T.H.N.G.; Wijayasinghe. H.W.M.A.C. Synthesis of graphite oxide
from Kahatagaha vein graphite using a localized improved Hummers method, Annual Research
Symposium of the Uva Wellassa University of Sri Lanka, 2013, p 15.

Magana-Arachchi, D.N.; Ambalavanar, V.; Weerasekara, D.; Maheswaran, S.; Medagedara, D.-
Rapid Detection of drug-res1stant Mycobacterium tuberculosis strains using PCR assays. MMDR-4,

Proceedings of 4™ International Symposium-cum-Training Course on Molecular Medicine and drug
research’, Dr. Panjwani Center for Molecular medicine and drug Research, International Center for

. Chemical and Biological Sciences, University of Karachi, Pakistan. 7% to 10™ January 2013. p 38.

Mahanama, G.D.K.; Ravirajan, P.; Colegrove, E.; Dissanayake, M.A.K.L.; Dhere, R;
Sivananthan, S. Effect of CdTe layer thickness on the properties of CdS/CdTe solar cells, Proc. of
the University of Ruhuna, 9™ Annual Science Symposium, 2013.

Mayakaduwa, S.S.; Wijesekara, S.S.R.M.D.HR.; Siriwardana, A.R.; Basnayake, B.F.A;
Vithanage, M. Evaluation of physicochemical characteristics, heavy metals and humic substances
in leachate generated from gohagoda municipal solid waste dumpsite. International Conference on
Solid Waste, Innovatlon in Technology and Management (ICSWHK2013), Hong Kong, 5th- 8th
May 2013.

Padmathilake, K.G.E.; Kumar, N.S.; Jayasinghe, U.L.B. Bioactivity of metabolites of two
endophytic fungi isolated from seeds of Pouteria campechiana, (PURSE), July.3, 2013. p.171

Park, J.N.,; Ahmad, M.; Lim, J.E.; Rajapaksha, A.U.; Vithanage, M.; Kim, G.; Ahn, J.H.; Ok, Y.S.
Effect of pyrolysis temperature on sewage sludge biochar properties and its effect on Pb

B Al e . L



http://www.ndacadsci.org/annual-meeting

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

immobilization in agricultural soil. International Conference on Solid Waste, Innovation in
Technology and Management (ICSWHK2013), Hong Kong, 5th-8th May 2013,

Pafhirana E.P.; Liyanage, R.; Lalantha, N.; Iddamalgoda, 1.S.T.; Jayawardana, B.C.  Antioxidant
and antlmlcroblal activity of drumstick (Moringa oleifera) leaves in herbal chicken sausages, 13 t

'ASEAN Food Conference, September 9-11,2013. Singapore.

Perera, M.B.U.; Yatigammana, S.K.; Kulasoonya, S.A.; Athukorale, N.P. Distribution of

Cylindrospermopsis raciborskii (a toxin producing cyanobacterium) in freshwater reservoirs of Sri

Lanka. In: llleperuma O. A., Priyantha, N., Chadrajith, R., Navaratne, A., Perera, A., Yatigammana,
S. K., Wijesundera, C. and Ratnayake, S (Eds), Symposium Proceedings, Second International
Symposium on Water Quality and Human Health: Challenges Ahead, 15 - 16, March, PGIS,
Peradeniya, Sri Lanka. 2013: p. 29.

Kasinathar, M.; Kathlrga.manathan, M.; Ratnayake, R.R.; Gnanavelrajah N. (2013).
Biodegradation of kitchen waste for biofuel production. Annual scientific sessions of the Sri Lankan
Society for Microbiology (SSM), Post Graduate Institute of Science, University of Peradeniya,
Peradeniya, Sri Lanka. 25% October 2013.

Premetilake, M.M.S.N.; Ratnayake, R.R.; Kulasooriya, S.A.; Perera G.A.D. Variation in the total
organic carbon and microbial biomass carbon in Eucalyptus grandis plantation forest soils in Sri
Lanka along a chronosequence of age, National Symposium on Climate Change, 2013. Accepted.

Raguraj, S.; Ratnayake, R.R.; Gnanavelrajah N. Variations of carbon fractions in soils of
Iranamadhu irrigation command area, Kilinochchi, National Symposium on Climate Change 2013,
Accepted. .

Premetilake, M.M.S.N.; Ratnayake, R.R.; Kulasooriya, S.A.; Perera, G.A.D. (2013). Variation of
microbial community along a chronosequence of age in Eucalyptus grandis forest plantation and
some other land uses in the intermediate zone of Sri Lanka, First Ruhuna International Science and
Technology conference, University of Ruhuna, Sri Lanka, Accepted.

Na, S.H.; Rajapaksha, A.U.; Vithanage, M,Klm, K.H.; Kim, G.; Ok, Y.S. Characterization of .
Perilla biochar produced under different pyrolysis temperature. International Conference on Solid
Waste, Innovation in Technology and Management (ICSWHK2013), Hong Kong, 5th-8th May
2013.

Rajapaksha, S.C.; Seneviratne G.; Egodawatta, W.C.P. (2013) A biofilmed biofertilizer for tomato.
Proceedings of the Undergraduate Research Symposxum, Faculty of Agriculture, Rajarata University
of Sri Lanka, 31 July 2013, P 33,

Ratnayake, G.R.N.; Wickramaratme, M. N Jayasinghe, U.L.B.; Kumar, N.S. Study on
bioactivity of the knotty protuberances bark of Zanthoxylum budrunga Sabaragamuwa University,
May. 2013.

Ravirajan, P.; Mahanama, G.D.K.; Dissanayake, M.A.K.L.; Colegrove, E.; Dhere, R,
Sivananthan S. Effects of buffer and window-layer thicknesses on performance of Highly Efficient
Polycrystalline Cadmium Sulphide (CdS) / Cadmium Telluride (CdTe) Solar cells. Proc. INCRE
Int research conf, Republic of Korea, 2013.

. Rupasinghe, W.N.S.; Thotawatthage, C.A.; Dissanayake, M.A.K.L.; Senadeera, GK.R;

Seneviratne, V.A. Efficiency Enhancement of Dye-Sensitized Solar Cells by TiO, Nano Fillers in
Polymer Electrolyte. Solar Asia 2013 international Research Conference, University of Malaya,
KL, Malaysia 22'-24 August 2013.

Sakkaff, Z.; Nanayakkara. A. Determination of Optimal Frequency Ranges Using Common
Spatial Pattern, Images 8" IEEE International Conference ICIIS 2013 (in press)

. Sarangika, HN.M.; Senadeera, G.K.R.; Thotawatthage, C.A.; Dissanayake, M.A.K.L. Novel
quasi solid state electrochromic smart windows based on TiO,And SnO, electrodes with PMMA gel
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67.

68.
69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

electrolyte. Solar Asia 2013 international Research Conference, University of Malaya KL,
Malaysia 22-24 August, 2013. ,

Senadeera, G.K.R.; Sarangikar, HM.N.; Thotawatthage, C.A.; Wijerathna, T.R.C.K.; Ariyasinghe,
Y.P.Y.P. Studies on quasi sold sate electrochromic smart windows based on TiO2 and SnO2,
Proceedings of Annual Academic Sessions-2012 , Open University of Sri Lanka, 27-28 February,
2013, Open University of Sri Lanka p 234-236

Seneviratne, G. (2013) Role of fungal-bacterial interactions in developed biofilms in sustaining
agroecosystems. Jacques Monod Conference on bacterial-fungal interactions: a federative field for
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