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STAND COMPOSITION AND DISTRIBUTION OF CRITICALLY ENDANGERED 

MANGROVE LUMNITZERA LITTOREA (JACK) VOIGT IN SRI LANKA 
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Lumnitzera littorea is a critically endangered true mangrove species recorded only from the Madu Ganga 

RAMSAR site until the recent past. A new population was recently recorded from the Bentota estuary, 

indicating an expansion of its population size and distribution range in Sri Lanka. The objective of this 

study was to discuss the stand structure and distribution of L. littorea in Sri Lanka. A transect, divided into 

10 m × 10 m quadrats, was used to collect density data and to examine differences between L. littorea 

populations between the two sites. The Shannon Diversity index, together with the Hutcheson t-test, 

Shannon Evenness, and Simpson index, were used to calculate and compare the diversity in both sites. The 

diversity indices indicate that the two sites were not significantly different in terms of diversity. A total of 

31 trees of L. littorea from the Madu Ganga and > 200 trees and saplings from the Bentota estuary were 

recorded. Moreover, the mean gbh (4.49±1.56 cm) and the mean height (4.74±1.29 m) of L. littorea in the 

Bentota estuary indicate that this population is represented by a young population. In contrast, the 

population in the Madu Ganga is a mature population with low regeneration potential (height - 13.56±2.4 

m; gbh - 30.56±8.49 cm). Therefore, this new population could significantly contribute towards seed 

production; thus, future efforts are imperative to conserve this Critically Endangered mangrove in Sri 

Lanka. Since the L. littorea patch in the Bentota estuary is facing numerous anthropogenic threats, 

appropriate conservation strategies are recommended to protect this new population. 
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SIMULATION OF COASTAL FLOOD AND RIVER FLOOD IN NILWALA RIVER BASIN  
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Ocean wave and tide fluctuations significantly impact the duration of flooding in downstream floodplains. 

However, studies on the combined effect of coastal and river floods are lacking in the Sri Lankan context. 

To fill this gap, a case study based on numerical simulation of the river and coastal floods is carried out in 

the Niwala River. This aimed to identify a one-dimensional river flood model to couple both flood waves 

and coastal waves and to simulate the effect on kinematic, diffusion, and dynamic behaviour of the one-

dimensional shallow water equation. The one-dimensional non-linear shallow water equation is solved by 

the finite difference method. The model results are verified by a real flood that occurred at Nilwala River 

in May 2017. Hourly flood discharge at Pitabaddara from May 24th to May 28th 2017, and hourly water 

level change at sea outfall are the upstream and downstream boundary conditions for the model, 

respectively. Digitized riverbed elevation, river width, cross-sectional river area, and hydraulic radius were 

fed to the model. The downstream flood can be accurately simulated by the dynamic equation, but 

computational time is approximately five times higher than the kinematic equation. However, upstream 

flooding can be simulated with kinematic equations, and computational time is comparatively less. Floods 

in other river basins can also be simulated from this model. The accuracy of the analysis can be increased 

by using more detailed topographic data in future studies. 
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Rapid urbanization, development projects, and industrial growth lead to converting or modifying the 

natural environment to a built-up environment. After the post-war boom, the Sri Lankan government 

implemented several development projects, which led to an increase in the trend of urbanization in the 

Colombo and Kolonnawa Divisional Secretariat (DS) Divisions. The main objective of this paper is to 

identify the spatial and temporal land use changes in Colombo and Kolonnawa and analyze issues related 

to land use conversion. Data was collected through Landsat satellite images in 1992 and 2014. The 

statistical data were analyzed quantitatively using Excel and ArcGIS Software. The study revealed that 

being a top destination in the tourism industry and a hub of economic and urban growth, Colombo DS 

Division has increased built-up areas drastically from 1992 to 2014, with -18 ha of annual change in non-

built-up areas. From 2001-2021, the Kolonnawa DS Division, which has accommodated a large volume of 

non-residential activities, has lost 18 ha of tree cover with a -45.3 ha of annual decline in non-built-up 

areas.  This is equivalent to a 3.2% decrease in tree cover since 2000, extending over 12% of its land area. 

The study revealed that there was a decline in green spaces in both DS Divisions, resulting in high risks of 

environmental issues due to enhanced pollution, and reclamation of low-lying lands.      
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Lanthanide series elements (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) in the periodic table 

are well-known as rare-earth elements (REEs). They are useful in assessing the soil formation processes 

under tropical weathering and are considered highly immobile and mostly retained in the soil profile. In 

this study, we investigated two undisturbed soil formations in order to understand the mechanisms that are 

responsible for both the mobility and fractionation of REEs under tropical weathering conditions. Soil 

samples were collected from tropical lowland rainforests (TLRFs) of Kanneliya and Pitadeniya-Sinharaja 

in southern Sri Lanka. Sampling was carried out in two predefined plots of each forest. Soils were collected 

systematically up to 25 cm depth from the surface after removing the surface litter. Air-dried, sieved (<2 

mm) and powdered soils were acid-digested with reverse aqua regia using a high-pressure microwave 

reaction system. REE contents were quantified by ICP-MS with appropriate quality control. The total 

average REE content was 147 and 154 mg/kg in two plots from Kanneliya and 28.7 and 31.2 mg/kg in 

Sinharaja plots. The mean REE content varied in the order 

Ce>La>Nd>Pr>Gd>Sm>Dy>Er>Tb>Eu>Ho>Tm>Lu in all four forest plots. Higher light-REEs (LREEs; 

La to Eu) with depleted Eu were significant features of forest soils. The upper-continental crust normalized 

REE distribution patterns also showed that LREEs are enriched in Kanneliya compared to the Sinharaja 

sites. These variations can be attributed to differences in primary mineralogy and degree of weathering, 

which controls the type and amount of secondary minerals in the soil profiles. In general, more intense 

weathering produced kaolinite group minerals that are preferentially retained REE, in particular LREE 

leading to higher fractionation of LREE/HREE. Further studies are required to investigate the soil clay 

mineralogy of selected TLRFs to build up relationships with already available REEs data. 
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Dunumadalawa Forest Reserve, located at 7o17'00" N; 80o38'49" E and 548 - 972 m above sea level and 

popularly known as Wakarawatte, is a semi-isolated, mid-country, wet zone forest fragment. It comprises 

mainly of secondary growth forest since the site has been used for tea and cocoa plantations in the past. 

The forest is not explored floristically, and the species composition of flora and its diversity has not been 

studied yet. In addition to the forest trees, the ecosystem setting provides an ideal habitat for pteridophytic 

flora, which grows opulently in the damp and shaded understory and as epiphytes. Preliminary observations 

and the sample collection of pteridophytes were carried out over a one-year period in several locations of 

the forest. Collected specimens were tagged and dried, and herbarium specimens were prepared. Species 

were identified using morphological characters with the aid of available literature. Identified species were 

verified with the help of specimens deposited at the National Herbarium of Sri Lanka, Royal Botanic 

Gardens, Peradeniya, Sri Lanka. A total of 10 families of Pteridophytes from different habitats were 

recorded, consisting of 15 genera and 30 species. Family Pteridaceae was the dominant family, represented 

by 15 species, followed by the Family Polypodiaceae consisting of four species. In addition, families, 

Tectariaceae (3 spp.), Thelypteridaceae (2 spp.) and one species each from the families Marattiaceae, 

Selaginellaceae, Gleicheniaceae, Nephrolepidaceae, Blechnaceae and Anemiaceae were recorded. A 

majority of fern species collected in this study were terrestrial species except for Pyrrosia lanceolata (L.) 

Farw., Microsorum scolopendrium (Burm.f.) Copel., and Drynaria quercifolia (L.) J. Smith was epiphytic. 

Among the terrestrial ferns, Blechnum occidentale L. was the most abundant and widely distributed species, 

which grows well, forming thickets in many places. According to the national Red List Sri Lanka 2020, 

among the 30 species of Pteridophytes recorded, 27 species were locally common, two Vulnerable 

(Tectaria polymorpha (Wall.ex.Hook.) Copel, Chirstella hispidula (Decne) Holttum.) and Selaginella 

crassipess Spring. Near Threatened. This study provides baseline taxonomic information to assist 

sustainable conservation and management activities of the pteridophytic flora in Dunumadalawa Forest 

Reserve. 
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Tropical Montane Forests (TMFs) and Tropical Sub Montane Forests (TSMFs) play an important role in 

watershed function, climate change mitigation and conservation of biodiversity. In the past few decades, 

increased deforestation has reduced their potential ecosystem roles and services. Although to-date, above-

ground information on these forests is sufficiently available, below-ground properties are scarce. The 

present study investigated the soil physical properties of TMFs and TSMF in Sri Lanka. Soil samples were 

collected according to standard protocols adopted by the RAINFOR in 1 ha sampling plots at 

Piduruthalagala (PDG) and Horton Plains (HNP) and two plots from the sub-montane forest at Enasalwatta 

(ENS). Twenty near-surface (up to 25 cm) representative soil samples were collected, and bulk density, 

porosity, volumetric water content (VWC), field capacity (FC) and permanent wilting point (PWP) were 

measured using standard methods. Soil aggregate stability was determined by using the Le Bissonnais 

method following (i) fast wetting (FW), (ii) slow wetting (SW) and (iii) mechanical breakdown (MB). All 

measured parameters were significantly (p<0.05) different among the plots except soil aggregate stability 

for FW. Bulk density, porosity and VWC ranged between 0.88-1.38 mg m-3, 48.0 - 66.6% and 10.6 - 19.8%, 

respectively, whereas FC and PWP were between 44.1-46.9% and 10.8-14.7%, respectively. Aggregate 

stability ranged between 1.25-1.43 in FW, 1.18-1.70 in SW and 1.16-1.58 in MB. The size of the major 

aggregate fraction was >2 mm for FW and SW treatments of all plots, while MB was >0.25 mm. The most 

stable and the least stable soil aggregates were found in PDG and HNP, respectively. In conclusion, soil 

porosity increased, and bulk density decreased with the increase in altitude, but there was no clear 

relationship between altitude and other physical properties tested. Correlation analysis showed the positive 

and negative relationships among the above-measured soil physical properties. 
 

Financial assistance from the National Research Council (Grant No NRC 19-072) is acknowledged. 
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The textile sector is one of the major driving forces of the Sri Lankan economy.  However, the generation 

of heavy loads of textile dyes containing wastewater leads to various detrimental effects on the ecosystem. 

Therefore, the present study aimed to evaluate the effectiveness of the combined physical adsorption and 

phytoremediation to remove an anionic textile azo dye: CI Direct Blue 201 (DB 201). Based on the 

preliminary studies, a laterite soil collected from the Western Province of Sri Lanka was selected as the 

filter material for the physical treatment unit (2 kg of soil filled in an acrylic column with 0.0015 m3 of total 

volume) and water hyacinth (Eichhornia crassipes) for the phytoremediation unit (four plants in 2 l tank). 

Three separate feeding sessions (0.25 l of 50 mg l-1 DB 201 textile dye with 25 ml min-1 flow rate) were 

maintained with 2 h of facilitating trickling time. After each three feeding sessions, one day gap was 

maintained and continued for 119 days. The effluent colour, pH, electric conductivity, and oxidation-

reduction potential were measured using standard meters. The changes in dye structure and soil filter 

material were analyzed using Fourier-Transform Infrared Spectroscopy (FTIR) and Powder X-ray 

Diffractometer (PXRD), respectively. During the study period, laterite soil removed 90-80% of colour 

without leaching of major heavy metals present in the original soil (Zn2+, Cu2+, Ni2+, Pb2+), and complete 

removal of colour (100%) was achieved after the treatment by phytoremediation unit. Low concentrations 

of Ca2+ (< 643.5 mg ml-1) and Mg2+ (<1027 mg ml-1) were detected in the effluent after the physical 

treatment unit and reduced below the detectable level after passing through the phytoremediation treatment 

unit. PXRD indicated the presence of goethite, gibbsite and hematite as the major components in the laterite 

soil. Results suggest the potential applicability of laterite soil and water hyacinth as a combined treatment 

method to treat textile dyes in an environmentally-friendly approach.  

 
Financial assistance from the University of Sri Jayewardenepura (Grant No: IIVCC/IICE/2018/68) is acknowledged. 
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SHORELINE CHANGES OF SOUTHERN AND EASTERN COASTS OF SRI LANKA 

OVER 15 YEARS: A GIS APPROACH 
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The shoreline is a dynamic and complex area that is specified as a boundary between land and sea. Its 

changes arise as short or long-term by leading to erosion or accretion. Since its vast socio-economic, 

ecological, and cultural values, those changes are highly important to monitor. GIS and Remote Sensing 

techniques are cost-effective and accurate for investigating coastal monitoring activities quantitatively and 

qualitatively. Therefore, this study aimed to determine the shoreline changes on the southern and eastern 

coasts of Sri Lanka. The position of shorelines was delineated by high-resolution satellite images from 

Google Earth (GE) Pro software from 2005 to 2020. Shoreline changes were estimated by calculating 

shoreline change statistics using by Digital Shoreline Analysis System (DSAS) in Arc-GIS 10.8 software. 

Average End Point Rate (EPR) and Net Shoreline Movement (NSM) values were used to identify the 

erosion and accretion rates. Results show that these coasts are highly dynamic, with site-based erosion and 

accretion along with them. On the southern coast, the average coastal accretion rates are recorded in Galle 

and Matara Districts as 0.37±1.18 m yr-1 and 0.02±0.99 m yr-1, respectively. However, an average erosion 

rate is recorded in the Hambanthota District as -0.45±1.21 m yr-1. On the eastern coast, the average erosion 

rates are recorded as -0.38±0.42 m yr-1 in the Trincomalee District, -0.8±0.29 m yr-1 in the Ampara District, 

while the average accretion rate is recorded as 0.05±0.5 m yr-1 in Batticaloa District. Both coasts have 

widely applied different protective methods to control these changes. Both natural and human influences, 

such as coastal development activities and physical alterations, might have contributed to these changes. 

Therefore, continuous monitoring of changes in coastal morphology is essential to environmental 

management, conservation, protection and development along the coastal regions.  
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Fish is a great source of protein, polyunsaturated fatty acids (PUFA), lipo-soluble vitamins, and essential 

minerals. Meanwhile, people who live in the dry zone of Sri Lanka consume inland fish species collected 

from irrigation reservoirs.  Toxic metals tend to accumulate in fish; thus, it is important to investigate the 

safety of the consumption of inland fish. This study evaluated the toxic metal contamination status of the 

edible fish (Etroplus suratensis) in the Mahakanadarawa tank and assessed the risk of fish consumption. 

Mihintale Divisional Secretariat Division was identified as a major CKDu-prone area in the Anuradhapura 

District. Mahakanadarawa tank is a major fishing source in the area. Fifteen E. suratensis samples were 

collected from the Mahakanadarawa tank in April 2022. The fish muscle parts, gut, and gills were removed, 

stored in sterile polyethene bags, and kept at 4°C during transport. The concentration of metal elements, 

including Mn, Co, As, Cd, Cr, Pb, Cu, Zn, Al, Fe, and Ni, was determined in an acid-digested sample using 

inductively coupled plasma mass spectrometry. The average contents of the nephrotoxic heavy 

metals/metalloids such as As, Cd, Pb, and Cr in the gut tissues of E. suratensis had reported elevated values 

compared to other tissue parts (gills and muscle). The average Pb content in the tissues of the gills, muscles, 

and gut of E. suratensis exceeded the permissible limits given by WHO/FAO. Average Cd contents did not 

exceed the permissible level in all analyzed tissue types, while average Zn and Cu levels have also complied 

with the WHO/FAO standard limits. The edible part of the fish consisted of an average of As = 0.01(±0.01) 

mg/kg, Cr = 0.22 (±0.03) mg/kg, Mn = 1.19 (± 0.36) mg/kg, and Al = 180.8 (±137.0) mg/kg. Even small 

amounts of toxic metals are reported in edible tissues of the E. suratensis; long-term consumption of fish 

may generate a negative health effect on consumers. Further risk assessment of toxic metals in E. suratensis 

in different reservoirs, including reference areas (CKDu-non-endemic areas), needs to be investigated in 

future studies. 
 

Financial assistance from establishing a "CKDu Information and Research Center" at the University of Kelaniya, 

Sri Lanka (Grant No. PS/DSP/CKDU/06/3.5) is acknowledged. 
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Coral reefs are highly diverse ecosystems and biodiversity hotspots in the world, providing many 

ecosystem services. However, these ecosystems have changed in the last few decades due to natural and 

anthropogenic impacts. Therefore, it is important to monitor their status for conservation and management 

purposes. Thus, Pigeon Island (PIR), Adukkuparu (AR), Salli Beach (SBR), Kayankerni (KR), and 

Passikudah (PR) reefs which are considered the most prominent coral reefs on the Eastern coast of Sri 

Lanka were surveyed in 2020, 2021, and 2022 by using the line intercept transect method. The total coral 

cover of the respective sites was demarcated by the Allen Coral Atlas online platform that offers high-

resolution and up-to-date images of the coral reefs with their structure and composition. Data were taken 

by snorkelling or diving over, randomly selected, 30 of 30 m long permanent transects per site. According 

to Allen Coral Atlas data, the Coral/Algae covers were 0.03 km2, 0.16 km2, 0.16 km2, 0.60 km2, and 0.38 

km2 for PIR, AR, SBR, KR, and PR, respectively. The live coral percentages at PIR, AR, SBR, KR, and 

PR were 59%, 12%, 13%, 38%, and 21% in 2020, 59%, 16%, 19%, 37%, and 20% in 2021, and 60%, 28%, 

34%, 36%, and 20% in 2022, respectively. Therefore, the live coral covers for PIR, AR, SBR, KR, and PR 

were 0.0177 km2, 0.0192 km2, 0.0208 km2, 0.2280 km2, and 0.0798 km2 in 2020, 0.0177 km2, 0.0256 km2, 

0.0304 km2, 0.2220 km2, and 0.0760 km2 in 2021, and 0.0180 km2, 0.0448 km2, 0.0544 km2, 0.2160 km2, 

and 0.0760 km2 in 2022. The live coral cover (as a percentage) has increased by 1%, 16%, and 21% in PIR, 

AR, and SBR, respectively, while reduced by 2% and 1% in KR and PR during the past three-year period. 

The study recommends declaring AR and SBR as Marine Protected Areas (MPAs) to conserve these 

emerging live corals.   
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The increased frequency of disasters in Sri Lanka in recent decades has pressured the need for better 

emergency preparedness and response. This study aimed to identify the importance and impact of the 

training programs conducted at the Health Emergency and Disaster Management Training Centre 

(HEDMaTC), Faculty of Medicine, University of Peradeniya.  The centre conducts training programs on 

public health emergency management and sexual and reproductive health during crises. The questionnaire-

based feedback of the past participants (n=75) of the programs conducted by the HEDMaTC was 

considered in the analysis. Results showed that the training and knowledge provided by these programs 

were highly effective and valuable during crises. From the sample, 23% of the participants confirmed that 

they used the knowledge gained from these programs in actual crises to manoeuvre through them 

successfully. 36% of the participants stated that they could use this knowledge to draw plans for disaster 

management policies and formulate strategies for sexual and reproductive health during crises. In 

comparison, another 30% of the respondents confirmed that they had the opportunity to apply this 

knowledge during crises in their real life. All the participants recommended the programs conducted by the 

centre and also indicated that they wished to participate in future programs. However, these training 

programs have placed HEDMaTC at the forefront of conducting medical-related disaster management 

training programs in Sri Lanka. This study identified many areas that require improvement in the training 

programs, such as child abuse during crises and leadership in public health. We recommend that 

HEDMaTC shall develop and maintain a live directory of the trained personnel to facilitate quick access to 

them during disasters in the future. 
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Water bodies are increasingly polluted from excess fertilizer run-off and industrial wastewater, resulting in 

nutrient enrichment and creating algal blooms. The addition of nitrogen and phosphorus is significant in 

eutrophication, and phosphorus most often limits the growth of phytoplankton than nitrogen. Farm effluents 

have high phosphorus (P), and this study aims to recover the phosphate using phytoremediation using 

macrophytes, Salvinia molesta and Pistia stratiotes. Cattle farm effluent was collected from the 

Mawelawaththa farm, Faculty of Agriculture, University of Peradeniya. Initial nutrient composition, pH 

and electrical conductivity (EC) of the effluent were determined. S. molesta and P. stratiotes were weighed 

(100.0 g) and introduced to 3.0 L of farm effluent in 6 trays (40 x 30cm2) to determine the P removal. As 

a control, 100 g of the two macrophytes were introduced to tap water-filled trays. Residual phosphate 

concentration in the trays was measured after 3, 6, 9, 12, 15, 18 and 21 days from the introduction of 

macrophytes using the Ascorbic Acid Blue method. Concentrations were calculated and compared using 

basic statistics in Minitab 17 statistical software. The phosphate removal efficiency for S. molesta was 

25.02±2.60% and for P. stratiotes was 72.56±5.13%. As uptake per fresh weight during the 21 days, this 

was equivalent to 0.07506±0.00781 mg g-1 for S. molesta and 0.2177±0.0154 mg g-1 for P. stratiotes. As a 

whole, P. stratiotes was more efficient in P uptake compared to S. molesta. Similar efficiencies were noted 

in previous research studies in Sri Lanka. Hence, the cultivation of the macrophytes was effective as a 

phytoremediation process to remove the residual phosphorus present in farm effluents. These findings 

suggest the possibility of utilizing farm effluents treated with S. molesta and P. stratiotes to make organic 

fertilizer. Therefore, P-rich macrophyte fertilizer can be used as a substitute for inorganic P fertilizers such 

as Triple Super Phosphate on a commercial scale. 

 
Financial assistance from the National Institute of Fundamental Studies is acknowledged. 
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PHENOL VAPOUR DEGRADATION WITH THE AID OF CATION-MODIFIED ZEOLITE-Y 

CATALYSTS IN THE ABSENCE OF OXIDIZING AGENTS 

 

R.A.L.R. Amarasena1,2*, M.D.R. Perera1,2, W.M.A.T. Bandara3, R. Weerasooriya1 and  

I.P.L. Jayarathne1 
 

1National Institute of Fundamental Studies, Kandy, Sri Lanka  
2Postgraduate Institute of Science, University of Peradeniya, Peradeniya, Sri Lanka 

3Department of Chemistry, Faculty of Science, University of Peradeniya, Peradeniya, Sri Lanka 
*lrlasanga@gmail.com  

 

 

Air pollution remediation is increasingly important due to the enhancement in the emission of hazardous 

vapours into the atmosphere due to rapid industrialization. Hazardous vapour can be removed by using 

various methods, and the common methods are adsorption, photocatalytic oxidation and catalytic oxidation. 

The main focus of this study is to identify the effect on the degradation of phenol vapour with different 

metal cation-modified faujasite zeolite catalysts in the absence of oxidizing agents, i.e. under normal air 

conditions. Faujasite (FAU) zeolite Y was synthesized in the laboratory and subjected to cation 

modification. For this case, Ferrous(II), Copper(II), Nickel(II) and Silver(I) cations were used for the 

comparison. Synthesized zeolite catalysts were characterized using Fourier Transform Infrared 

spectroscopy (FTIR) and powder X-ray diffraction (PXRD). Results obtained from FTIR showed that 

Zeolite-CuY has successfully loaded into the acid site of zeolite Y. Characteristic peaks in PXRD showed 

that the FAU type zeolite has successfully synthesized, and metal modification has been completed for 

Zeolite-CuY, Zeolite-NiY and Zeolite-AgY. The crystallinity of Zeolite-FeY was less when compared to 

other catalysts, and it may be because of the formation of ferric oxides. According to the particle size 

analysis, these catalysts were in the 2 - 4 µm size range. To identify phenol degradation products 

qualitatively and quantitatively, the GCMS headspace method was used, and degradation products were 

analyzed according to the database library. Benzoquinone degradation product was observed from Zeolite-

CuY with a phenol removal percentage of 76.6%. It can be suggested that the mechanism may undergo a 

Fenton-type reaction and provide OH radicals from the zeolite framework.  When phenol was treated with 

Ni and Ag-modified zeolite catalysts, no apparent degradation products were shown in the chromatogram. 

However, the concentration of phenol had reduced, implying only adsorption occurred. This study 

concluded that the Zeolite-CuY partially degrades phenols under normal air conditions. 
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Hardness in water is a severe problem in many parts of the world, including Sri Lanka. Hard water causes 

many difficulties at domestic and industrial levels and makes it unpalatable for drinking. Since the existing 

methods for water hardness removal have several drawbacks, there is a growing interest in developing more 

environmentally- friendly softeners for reducing the water hardness. This study is conducted to develop a 

highly efficient metal ion adsorbent using modified cellulose extracted from agricultural waste since large 

quantities of corncob waste are typically dumped after harvest in agricultural areas.  This study investigates 

whether the ethylenediaminetetraacetic acid (EDTA) modified cellulose isolated from corncobs can adsorb 

calcium (Ca) in hard water. The cellulose isolation from the corncob consists of de-hemicellulose, 

delignification, and bleaching. Cellulose fibres, thus extracted from corncob, were modified using the 

esterification method with EDTA. Modified cellulose was used as a calcium ion adsorbent, and it was 

tested using EDTA titrations. A solution of 100 mg/l calcium ion (Ca2+) was used as raw water for the 

purpose of studying adsorption efficiencies, and the effect of dosage of modified cellulose (Cell-EDTA) 

on sorption capacity was studied. Cellulose, modified cellulose (Cell-EDTA), and calcium-adsorbed 

modified cellulose were characterized using Fourier Transform Infrared (FTIR) spectrometer. It was found 

that cellulose extracted from corncob waste can be successfully modified with EDTA and can be used as 

an adsorbent for calcium. The ability of Ca2+ adsorption of modified cellulose from corncob is calculated 

as 0.223 mg/g at a concentration of 100 mg/l of the adsorbate. 
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Urban nature is considerably less valued. Nevertheless, as cities grow larger and denser along with 

environmental degradation, the importance of urban biodiversity conservation has been increasingly 

recognized. Hence, perceiving conservation as a social and people-centred approach would be highly 

successful in meeting both ecological and developmental needs. For this, the urban residents play a key 

role since their choice of practices will directly affect the conservation of biodiversity in urban landscapes. 

Further, the success of any related action heavily depends on the attitudes and socio-economic behaviours 

of urban dwellers. Therefore, this study attempted to identify the motivational drivers of urban residents 

on biodiversity enhancement in residential neighbourhoods in the Gampaha District. Hundred and fifty 

households were selected randomly.  A pre-tested, self-administered questionnaire was used to acquire the 

socio-economic details and the perceptions of residents on different methods that could be adopted for 

biodiversity enhancement in urban settings. The respondents were predominantly females (72%), with a 

mean age of 51-65 years. The highest education level was G.C.E. A/L (53%), followed by degree/diploma 

level qualification (35%). Retired household heads accounted for a higher fraction of the sample (27%), 

followed by private sector employees (26%). 36% of respondents received a monthly income ranging from 

LKR 81,000-120,000.  Most respondents strongly agreed that government rules/policies could influence 

gardening towards biodiversity conservation in urban landscapes (Mean Score [MS]=4.89), while 55% of 

the respondents strongly opposed imposing a taxation process to enhance conservation practices. The 

implementation of a rewarding system was ranked as the second-best motivational mode (MS= 3.95) in 

place of gardening for biodiversity enhancement, followed by the provision of incentives (MS=3.85). 

According to behavioural economics, 85% of the study population was willing to pay a fee for enhancing 

the biodiversity in their residential neighbourhood, whereas around 37% agreed to a monthly payment of 

LRK 500, based on the stated preference approach. The impression that the conservation of biodiversity is 

the sole responsibility of the government and therefore should be funded through municipal revenues was 

the main reason for rejecting the contingent scenario by the respondents. The age, education level, 

employment and income were significantly associated (p<0.05) with the perception of the motivators for 

biodiversity enhancement. The results of the present study delivered the antecedents of the motivational 

factors of urban residents towards biodiversity conservation. This behavioural information of public 

valuation on biodiversity enhancement could help society to make sensible and socially-inclusive choices 

in implementing urban biodiversity conservation strategies.  
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Recent studies have suggested that the synergistic effect of fluoride and the hardness of drinking water 

could cause Chronic Kidney Disease of Unknown aetiology (CKDu) in Sri Lanka. Hence, the present study 

focused on determining the cytotoxicity of fluoride and hardness of drinking water through 

sulforhodamine-B (SRB) assay using a Vero, a monkey kidney epithelial cell line (ATCC® CCL-81TM). 

Cells were seeded in 96-well plates as 5x103 cells/well to determine cell viability. Cells in different wells 

were exposed to different concentrations of fluoride (0.5, 2.5, 5.0, 7.5, 10.0, 12.5, 15.0 mg l-1), hardness 

(60, 100, 200, 400, 600, 800, 1000 mg -1) and fluoride: hardness ratios (0.5:60, 2.5:100, 5.0:200, 7.5:400, 

10.0:600, 12.5:800, 15.0:1000 mg l-1). Non-viable cell percentages and CC50 values were determined. Non-

viable cell percentage of the cells exposed to the fluoride concentration series ranged from 32.6 to 55.8%, 

while the cells exposed to hardness concentrations ranged from 17.6 to 54.6%, indicating an increment 

with the high concentrations. The non-viable cell percentage was increased from 36.6 to 63.8% in the cells 

exposed to fluoride and hardness ratios. CC50 values of fluoride, hardness alone and fluoride: hardness 

ratios were recorded as 10.67, 804.04 and 5.74:318.72 mg l-1, respectively. Significantly lower non-viable 

cell percentages were recorded in cells exposed to fluoride alone than cells exposed to fluoride: hardness 

ratio (p<0.05); as well, a significantly lower value was observed in cells exposed to hardness alone than 

cells exposed to fluoride: hardness ratio (p<0.05). Lower CC50 values were observed for the fluoride: 

hardness ratio compared to the CC50 values obtained for fluoride and hardness alone. Thus, the synergistic 

effect of fluoride and the hardness of water causes a more significant reduction in cell viability of Vero 

cells than the effects of fluoride and hardness alone. Hence, the synergistic effect of fluoride and the 

hardness of drinking water causes cell damage, and it may contribute to the development of CKDu. 
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Cyanotoxins are secondary metabolites produced by different types of cyanobacteria. Among them, 

Cylindrospermopsin (CYN), Microcystins (MCs) and Nodularin (NOD) stand out due to their wide 

geographical distribution. The toxicity of cyanotoxins in various organs, including the kidney, has been 

documented using animal models. However, studies on renal toxicity of CYN, MCs and NOD are 

limited. Thus, the present study evaluated the cytotoxicity of CYN, MC-LR, MC-RR and NOD on the Vero 

renal cell line. Cell viability was measured using sulphorhodamine B (SRB) assay following exposure of 

cells to pure CYN, MC-LR, MC-RR and NOD at different concentrations (0.5, 1.0, 5.0, 10.0, 50.0, 100.0, 

and 200.0 µM) for 24 h and calculating the half maximal Inhibitory Concentration (IC50) values. The highest 

cell mortality was recorded for different concentrations (0.5, 1, 5, 10, 50, 100, and 200 µM) of CYN. Cells 

exposed to 200 µM concentration of CYN, MC-LR, MC-RR, and NOD showed 94.31±0.01, 92.92±0.01, 

84.71±0.01, and 78.74±0.01% mortality percentages, respectively. Significant results were obtained for the 

dose-dependent cytotoxicity of the Vero renal cells exposure to CYN, MC-LR, MC-RR, and NOD at 

p<0.05.  The results revealed that CYN had the lowest IC50 value (23.30) while NOD had the highest 

(72.35). Therefore, the finding of the study showed that cyanotoxins could cause cytotoxicity in renal cells, 

with CYN having the highest effect and NOD the least. 
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Rising concerns about energy security, evident climate change, and depleting petroleum resources have 

accelerated the exploitation of potential renewable fuels around the globe. Biodiesel is one such renewable 

liquid fuel that has attracted significant research interest, as it can be easily blended with petro-diesel or 

directly used in diesel engines without modifications. Edible oils, non-edible oils, waste cooking oil 

(WCO), animal fats, and algae have been tested as commercial feedstocks for biodiesel production 

worldwide. WCO generated from the large-scale hotel and restaurant chains within the country can be 

identified as a potential feedstock to implement decentralized biodiesel production systems requiring 

minimum transportation for feedstock collection. However, the Free Fatty Acid (FFA) content and 

dissolved impurities in WCO can adversely affect biodiesel processing by promoting soap formation and 

other issues in the transesterification reaction as well as in the layer separation stage. In this study, filtered 

WCO samples from a five-star hotel and a large-scale restaurant were experimentally analyzed for the FFA 

content using the phenolphthalein indicator. Next, transesterification with 20% (vmethanol/vWCO) methanol 

and 1% (wNaOH/wWCO) NaOH, phase separation and purification steps were conducted at the laboratory 

scale to determine the feasibility of biodiesel production. According to the results, the FFA contents of the 

WCO samples were below 2%, while samples from the hotel showed a slightly higher FFA content than 

that of the restaurant oil samples. Hence, the FFA reduction step was bypassed, and biodiesel was prepared 

via direct transesterification. Both WCO samples from the hotel and the restaurant recorded a 91% (v/v) 

biodiesel yield. Properties of biodiesel samples were obtained as; flashpoint: 175 ºC and 182 ºC (Cleveland 

open cup tester), density (at 29 ºC): 859.32 kg m-3 and 863.04 kg m-3, viscosity (at 40 ºC): 3.36 mm2 s-1 

and 3.65 mm2 s-1 for hotel and restaurant samples, respectively. This study demonstrates the feasibility of 

biodiesel production from WCO and thus can be further extended to economic analysis. 
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Land use and Land cover (LULC) is considered one of the critical areas influencing the climate, hydrology, 

ecosystem processes, biological cycles and biodiversity changes. With the decrease in the natural 

environment, an increase in the built-up areas and agricultural sites can be observed in every part of the 

world, including Sri Lanka. Urbanization, rapid population and economic growth are the main reasons for 

this situation. Moreover, this situation has influenced the existing land use patterns. The land use change 

matrix is one of the main methods to quantify land use conversion in a selected time period. Therefore, this 

study mainly focused on estimating the LULC changes in the Gampaha District using the Land Use Change 

Matrix. Furthermore, it studied the spatial and temporal changes in land use in the Gampaha District. The 

Landsat 8 data downloaded from the USGS GloVis online resource for 2014, 2018 and 2021 were used to 

identify the land use in the study area. Descriptive Analysis Methods and the Land Use Change Matrix 

were used to detect the LULC changes. The results showed that the decrement of 11.77% of high vegetation 

areas (162.62 km2) in parallel to the increment of 0.10% of high built-up (1.95 km2), 2.30% built-up (32.37 

km2) and 8.38% home garden (115.78 km2) and 0.90% paddy areas (13.06 km2). According to the land use 

change matrix, it can be identified that the high vegetation areas have been converted to the high built-up 

(7.25 km2), home gardens (180.62 km2) and paddy areas (45.22 km2) from 2014 to 2021. Approximately 

107.19 km2 of paddy area has been converted to a home garden area during the period. Therefore, this type 

of study enables land use planners to make more real-time decisions to enhance the quality of their projects 

in the Gampaha District.  
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With the rapid increase in population, high-rise dams are constructed to meet the demands of hydropower 

and irrigation. Most of the dam failures are due to leakages/seepages from the dam foundation and 

embankments. Hence, the importance of sealing the dam foundation cannot be underestimated and attended 

to based on the geological condition of the foundation. This study mainly focused on designing a suitable 

grout curtain for the Hasalaka Oya dam based on detailed geological investigations. The geomorphology 

of the considered area shows that the most suitable dam is a Roller Compacted Concrete due to the existing 

narrow gauge. The study includes geological mapping, a seismic refraction survey, and borehole drilling, 

along with water pressure tests (Lugeon method). The Stereographic projection and geological map of the 

dam foundation provided the best-suited grout hole orientation, which is 20º to the left-bank side since the 

best-suited grout hole should cut all the rock beddings. Seismic refraction survey work clarified the weak 

geological conditions of the left-bank side. Low Core Recovery and Rock Quality Designation (RQD) 

values and the high percentage of core losses indicated weaker geological conditions on the left-abutment 

side up to deep depths. High Lugeon values indicated turbulent water flows on the left-bank side, and they 

confirmed linked and open discontinuity conditions of the foundation. The final grout hole depth was 

decided using the Lugeon map drawn from all the Lugeon test results along the dam axis. The final grout 

curtain was designed with 24 primary and 25 secondary holes. The depth of grouting is determined by 

extending the Lugeon map until the rock mass has a Lugeon value of less than 5, and a single-line grout 

curtain was designed with overall geological conditions. 
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In antagonistic interactions, cyanolytic bacteria may alter the physiology of cyanobacteria leading to cell 

death. The characterization of physiological alterations in cyanobacteria by the action of cyanolytic bacteria 

is important in the determination of cyanolytic mechanisms. Therefore, this study aimed to determine the 

oxidative stress and antioxidant responses generated in Pseudanabaena species against the cyanolytic 

bacteria Pseudomonas fluorescens BG-E (NCBI Acc. No. MZ007859) during the cyanolytic process as 

biomarkers. Based on the results of the preliminary screening study, 15% (v/v) of the total volume of 

bacterial suspension (6×107 cells ml-1) and cell-free supernatant of bacteria were inoculated into axenic 

cultures of Pseudanabaena sp. and P. lonchoides grown in BG11 medium at a cell density of 0.020 

(OD730) respectively, in triplicates. The H2O2 content, peroxidase (POD) activity, and catalase (CAT) 

activity were analyzed on the date of incubation and following 2, 5, 8, and 10 days of experimental time. 

Initially, the H2O2 contents increased with time and reached the maximum values of 0.1622 and 0.1448 

µM g-1 f wt in Pseudanabaena sp. and P. lonchoides, respectively, at the end of the fifth day and decreased 

thereafter. The CAT and POD activities of both species showed a similar trend as H2O2 contents. On the 

fifth day, the CAT activities of both species were recorded at a similar value, 0.0029 U g-1 f wt. Thereafter, 

in P. lonchoides, the CAT activity started to decrease and was even lower than the control on the tenth day. 

In Pseudanabaena sp., it was equal to the control (0.0011 U g-1 f wt). The POD activity was highest in 

Pseudanabaena species (0.0081 U g-1 f wt) compared with P. lonchoides (0.0069 U g-1 f wt) on the fifth 

day. The elevated levels of H2O2 contents and CAT and POD activities infer that the cell suspension and 

cell-free supernatant of P. fluorescens BG-E have induced oxidative stress in Pseudanabaena sp. and P. 

lonchoides, respectively, and the antioxidant defence mechanisms in the cyanobacterial cells might have 

been activated to prevent damages as a response. The significant differences (p < 0.05) in the antioxidant 

levels of the two Pseudanabaena species could be due to their structural and morphological differences. 

The overall results infer the applicability of oxidative stress and antioxidant responses in cyanobateria as 

physiological biomarkers in the determination of cyanolytic mechanisms.  
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Goitre, an enlargement of the thyroid gland, is one of the main health problems in tropical countries.  It is 

generally believed that the development of goitre is directly related to iodine deficiency; however, complex 

interactions between clinical, environmental and genetic factors also influence the incidence of goitre. This 

study aims to identify a plausible relationship between clinical and environmental factors affecting the 

occurrence of goitre in Anuradhapura, Colombo, Kurunegala, Nuwara-Eliya and Ratnapura districts 

covering all climatic zones of Sri Lanka. A hospital-based preliminary study was conducted from 2012 to 

2014 with 994 goitre patients attending to receive treatments in five Base Hospitals in Sri Lanka. A 

structured questionnaire survey was conducted at each hospital to record clinical examinations and 

investigation findings of patients. Moreover, 562 water samples for iodine and 147 samples for selenium 

were collected from the nearest water sources, which they used for drinking and cooking. The mean age of 

patients in the study was 43 years, and the majority (98%) of the population was females, with 36% having 

a family history of goitre. The goitre grades 3 and 4 were more prominent among the six goitre grades in 

the population. There was an increasing trend of a grade of goitre with the increasing age in all three 

climatic zones. It is noteworthy that patients in the wet zone had higher grades of goitre even at younger 

ages compared to two other climatic zones. Hierarchical cluster analysis was performed based on 

environmental factors consisting of iodine and selenium concentrations and clinical factors including 

thyroxine (T4), triiodothyronine (T3) and Thyroid-stimulating hormone (TSH). The study classified patients 

into seven clusters, with a dominant feature in each cluster. Patients from Nuwara-Eliya formed the most 

prominent cluster where a significant negative correlation is visible between iodine and selenium with T4 

level. These clusters reveal the classification of patients other than district or zone-wise, which breaks the 

traditional methods to diagnose endemic goitre. These results can be used as baseline data for better 

planning to avoid and treat goitres. 
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Mangroves are unique and valuable ecosystems. This study examined some selected physicochemical 

parameters of mangrove soil and the mangrove distribution according to the salinity and pH levels at the 

Muthurajawela-Negombo wetland complex. Twenty sampling sites were selected based on the judgmental 

sampling technique by creating a fishnet grid of 30 m × 30 m. Soil samples were taken from 0 - 15, 15 - 30 

and 30 - 45 cm depths from the surface. Soil temperature was measured using a soil thermometer, and other 

physicochemical parameters such as pH, salinity, and soil organic matter (SOM) were analyzed using 

standard laboratory methods. Further, a vegetation survey was carried out to study the distribution of 

mangrove plants in relation to the soil pH and salinity. Results showed that temperature varied spatially 

from 25.2 °C to 30.0 °C, with the highest temperature recorded in the topsoil layer. Soil pH and salinity 

spatially varied from 5.39 to 8.31 and 0.56% to 8.83%, respectively. Soil pH did not significantly vary with 

depth (p > 0.05), while salinity increased with the increasing depth. Soil organic matter spatially ranged 

from 2.56 to 15.70% and also increased with depth. Soils with high salinity tend to accumulate SOM. The 

correlation analysis revealed a lower positive relationship between soil pH and temperature (r = 0.15; p < 

0.05), and a positive relationship between salinity and SOM (r = 0.316; p < 0.05). Rhizophora apiculata, 

Rhizophora mucronata and Avicennia marina were associated more in soils with high salinity (3.72 - 

7.15%) and neutral to weakly alkaline pH. Bruguiera gymnorrhiza was more prevalent in soils with higher 

salinity (7.69 - 8.83%) and lower pH, while Lumnitzera racemosa was found in acidic to slightly alkaline 

pH but with low salinity (1.35 - 1.92%) soils. Sonneratia caseolaris was recorded in soils with the lowest 

salinity (0.83 - 1.04%). The findings of the study contribute to decision-making on the conservation and 

restoration of mangrove projects. 
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With the emerging global concern on marine microplastic, studies reveal that exposure of corals to 

microplastics poses a threat to the reef ecosystems by coral bleaching, necrosis and yet unstudied 

consequences. Even though microplastics were detected in different marine matrices across the nation, the 

abundance and characteristics of microplastics in reef-building corals of Sri Lanka received poor scientific 

attention. Therefore, the present study is an endeavour to assess the microplastic abundance and 

characteristics of reef-building corals of Sri Lanka. Coral samples of six different species, Acropora nasuta, 

Acropora muricata, Pocillopora verrucosa, Pocillopora damicornis, Montipora millepora and Goniastrea 

edwardsi, collected from the four most prominent coral reefs (Pasikudah, Pigeon Island Marine National 

Park, Ahangama and Ussangoda) were studied. Microplastics were extracted from coral tissues under 

laboratory conditions with saturated NaCl and 37% HCl solutions, following quality control measures. 

Extracted microplastics were characterized based on their shape, size, colour and polymer type. Results 

showed that microplastics are ubiquitous in each scleractinian coral species. The mean abundance of 

microplastic in corals was 578.5±77.2 items kg-1 (wet weight). The highest abundance of microplastic was 

encountered in Pocillopora verrucosa. Fibres were the most abundant shape, while blue and red were the 

most prevalent colours. Fourier Transform Infrared Spectroscopy (FTIR) analysis revealed that low-density 

polyethene (LDPE) (60%), polyamide (20%) and polystyrene (20%) were the main types of microplastic 

polymers present in corals. Though no significant differences in microplastic concentrations were observed 

among coral species or study sites, the study provides the first evidence for the aggregation of microplastic 

in reef-building corals of Sri Lanka. 
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Ecosystem Services (ES) provided by wetlands for the community are being acknowledged by researchers 

and policymakers at present. As in many other natural habitats, urban wetlands are increasingly influenced 

by anthropogenic pressures. Transformation of natural elements in wetlands, whether they represent 

landscape or waterscape, to other land uses under human pressure could affect ES provided by them. In 

this context, the present study attempted to investigate the impact of Land Use and Land Cover (LULC) 

changes on ES in Thalangama Environmental Protected Area (EPA), which constitutes a major element in 

the Colombo wetland network. This study used a combination of remote sensing and the Geographical 

Information System (GIS) to investigate changes in LULC of Thalangama EPA and its surrounding over 

two decades from 2000-2020.  A questionnaire survey was conducted using fifty local residents and six 

national experts to assess the provisioning and cultural ES of Thalangama EPA, and they were analyzed 

using Principal Component Analysis in SPSS Statistical software. Anthropogenic activities have 

transformed natural areas: the paddy fields were reduced by 3.95%, and an expansion of settlements by 

3.72% within the wetland. The vegetation in the surrounding areas declined by 8.14%, with an expansion 

of settlements by 4.99%. Similarly, the provision of ES has changed from the provisioning of fibre, 

medicine, recreational and religious values in the past to the provisioning of flowers, fisheries, health 

values: and therefore; currently, the wetland plays a significant role in providing fresh water, flowers, 

fisheries, fuel, educational value, recreational value, tourism, making social relations and health and mental 

relaxation. This study sheds light on the link between land use and ES and highlights the importance of 

obtaining views of the communities in wetland management. Furthermore, the urgent need for the 

promotion of sound land use practices, community awareness and participatory conservation methods to 

address this issue is reflected in this study. 
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Many natural habitats in urban areas are under anthropogenic pressure. Protected areas (PA) are no 

exceptions in the long run. Changes in Land Use and Land Cover (LULC) often affect Ecosystem Services 

(ESs) provided by PAs. This study attempted to investigate the impacts of changing LULC from 2000-

2020 on ESs in Horagolla National Park (HNP) in the Gampaha District, where human activities are 

increasingly evident. LULC analysis was performed in and around (4 km buffer zone) Horagolla NP using 

Remote Sensing (RS) and Geographical Information System (GIS) approach. A questionnaire survey was 

carried out using 75 households to obtain their perception. A total of 22 prominent ESs (10 provisioning, 

10 cultural ESs, and 2 supporting services) are currently provided by the HNP. According to Principal 

Component Analysis (PCA), the provision of fresh water, fresh air, recreation, and education were the 

prominent ESs. Vegetation around the HNP has declined by 18.9%, and paddy field area (16.8%) and built-

up area (1.7%) have increased by 2020. The most prominent conversions of land use were the conversion 

of vegetation to built-up areas (5.1%) and paddy fields (18.7%). Over the two decades, the provision of 

food and firewood has declined while the opportunities for recreation and educational activities have 

increased. This study reveals ESs provided by PAs could change due to LULC changes and highlights the 

importance of developing novel approaches to manage PAs and their surrounding lands for future use. This 

study is significant in policy implications as the understanding of ESs impacts how natural forests are 

utilized and, thus, management strategies of forest ecosystems.  

 
Financial assistance from the Department of Zoology and Environment Science of the University of Colombo is 
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Rice is a staple food which serves as the main source of energy, protein and other nutrients. Due to many 

health and environment-related consequences associated with the use of chemical fertilizers, Sri Lankan 

government has taken a decision to introduce organic fertilizer in rice farming. However, the soil and grain 

nutritional status of organically and inorganically managed rice fields in Sri Lanka is not yet explored. 

Hence, this study was conducted to determine the (i) concentrations and (ii) relationships of nitrogen (N), 

phosphorus (P) and potassium (K) in paddy soils and rice grains collected from organically (3 years) and 

inorganically cultivated soils. A total of 44 soil samples and grain samples were collected representing 

paddy lands in Anuradhapura, Polonnaruwa and Gampaha districts. Total N, available P and exchangeable 

K concentrations of soil samples were analyzed using Kjeldhal, Olsen and Flame photometric methods, 

respectively. The total N concentration of grain samples was measured using the Kjeldhal method, and 

total P and total K were determined through the colourimetric method. Relationships between soil N, P and 

K concentrations and grain N, P and K concentrations were analyzed separately for organically and 

inorganically grown paddy samples. Soil and grain N, P and K concentrations between the districts and 

fertilizer application method were similar (p>0.05). Only four significant correlations between the tested 

elements were observed. Soil K and N concentrations and soil K and P concentrations were significantly 

correlated in organically managed paddy fields (r = 0.50 and r = 0.41, respectively), thus maintaining the 

nutrient stoichiometry. For grains, K and P concentrations in organic (r = 0.53) and inorganic (r =0.56) 

paddy fields were correlated. The findings of the present study suggest that the application of organic 

fertilizers has also supplied sufficient N, P and K for rice grains similar to that of inorganic fertilizers. 

 
Financial assistance from the World Bank, under the Accelerating Higher Education Expansion and Development 
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Silver nanoparticles (AgNPs) are used in many applications in various fields, including biolabeling, 

sensors, filters, and antibacterial agents due to their specific physico-chemical and biological properties. 

As a result, AgNPs are released into the environment, and ultimately their transformation products, such 

as nanoparticulate of Ag2S, accumulate in wastewater treatment plants; thus, their toxicity and impacts on 

the environment are of growing concern. The purpose of this study is to evaluate the acute toxicity of 

chemically synthesized AgNPs (C-AgNPs), and green synthesized AgNPs using T. longibrachiatum 

biomass (Tl-AgNPs) in the aquatic crustacean Daphnia magna. Synthesized AgNPs were characterized by 

ultraviolet-visible spectroscopy (UV-VIS), Transmission Electron Microscopy (TEM) and Scanning 

Electron Microscopy (SEM). The colour change from pale yellow to dark brown of the solution indicated 

the formation of AgNPs initially. The surface Plasmon Resonance (SPR) band in the range of 415 - 400 

nm in the UV-VIS confirmed the formation of Tl-AgNPs and C-AgNPs. TEM and SEM images confirmed 

that Tl-AgNPs and C-AgNPs were spherical. Aged less than 24 h (neonates) of D. magna were subjected 

to acute toxicity assay in a range of concentrations of Tl-AgNPs and C-AgNPs (2.00 -10.00 mg l-1). The 

percentage immobility of the daphnids was dose-dependent. The EC50 value of C-AgNPs was 4.01 ± 0.07 

mg l-1, whereas Tl-AgNPs was 5.33 ± 0.05 mg l-1 for D. magna at 48 h exposure. Hence, Tl-AgNPs exerted 

lesser toxic effects on D. magna. The presence of biomolecules as capping agents on AgNPs may reduce 

their toxicity towards D. magna.  
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With the increasing demand, the release of low-quality compost to the market under different brand names 

has become a significant issue. Since different inputs, such as agricultural waste, and municipal solid waste,  

are used in composting, there is a potential threat of containing heavy metals in compost.  Therefore, it is 

crucial to have a mechanism to assess the nutrient composition and heavy metal contents to determine the 

quality of products. The study examined the applicability of the clean index (CI) and fertility index (FI) as 

tools to ensure the quality of compost in the market. Based on the results of a preliminary survey, eight 

commonly available compost brands in the market of the Southern Province, Sri Lanka, were collected and 

analyzed. The FI was calculated on the basis of the chemical properties, total organic carbon (TC), total 

nitrogen (TN), total phosphorus (TP), total potassium (TK) and carbon to nitrogen ratio (C: N),  which 

were determined according to the standard methods. The CI was calculated by considering heavy metal 

contents (Zn, Cu, Cd and Pb), which were determined using Atomic Absorption Spectroscopy (AAS). To 

assure the quality, either a marketable class (A, B, C and D) or a restricted use class (RU-1, RU-2 and RU-

3) was determined by considering both FI and CI values. The FI values varied from 2.10 to 4.50 with a 

mean value of 3.19, while CI values varied from 3.64 to 5.0 with a mean value of 4.55 (on a scale of 5).  

According to the results, 37.5% of tested brands were categorized under the restricted use class, RU-1, due 

to low fertilizing potential or low FI values, while 62.5% of brands were categorized under marketable 

classes due to their acceptable levels of heavy metals and fertilizing potentials. Hence, overall results 

highlight the significance of using FI and CI as tools in ensuring the quality of compost before being 

released to the market.  
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Urban Green Space (UGS) is a land area that is partly or wholly covered with grass, trees, shrubs, or other 

vegetation in urban areas. These UGSs provide multiple ecosystem services such as air and water 

purification, climate regulation, disaster risk reduction, habitat for species and biodiversity enhancement. 

Further, they present diverse opportunities to mediate the adverse effects of climate-induced disasters while 

simultaneously improving human health, well-being, and economic and social benefits. Strategic planning 

and management are vital in obtaining the optimal benefits of UGSs, and the absence of clear demarcation 

and proper classification of UGSs makes sustainable development goals unachievable.  Thus, this study 

spatially mapped existing UGSs with clear demarcations using Sentinel 2 Level-A satellite images and 

ArcGIS 10.2.  A systematic classification system was also developed for UGSs in Colombo city, Sri Lanka 

as a model. This would enable planners to devise effective urban management plans to create a climate-

resilient city in the future.  Based on the past literature, field observations, topographic maps, land-use 

maps, and high-resolution satellite images, a list of criteria and sub-criteria was used to develop the UGS 

classification system. The main criteria used for the classification are the structure and functionality of 

urban UGSs. Normalized Difference Vegetation Index (NDVI; using Band 8 and Band 4) technique was 

utilized for UGS extraction. Vegetated areas were further classified based on their vegetation density by 

using NDVI threshold values.  The extent of UGS in the Colombo Municipal Council area is 35.4% of the 

total land extent. The analysis defined four categories of urban green spaces: parks and conservation green 

spaces (15% of total UGS), shadings and greenways (21%), community green space (13%), and residential 

and amenity green spaces (51%). This systematic classification of UGSs can be a first step towards 

categorizing urban green spaces and addressing issues in sustainable city development in the future. 

 
Financial assistance from Senate Research Committee Long-Term (Grant No SRC/ LT/ 2021/ 07) is acknowledged. 
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So far, dolerite dykes have solely been reported from the Vijayan Complex (VC) of Sri Lanka. Samples of 

two localities have been geochemically analyzed for whole-rock major and trace element concentrations. 

Here, we present the whole-rock major and trace element geochemistry of seven Sri Lankan dolerite 

samples collected from five localities (two samples each at Wahawa, Rukkamputur, and one sample from 

Gallodai in the Vijayan Complex; one each in the Highland Complex - close to Badulla, and Wanni 

Complex - close to Kurunegala) to unravel the tectonic setting, nature of source magma and crustal 

contamination of dolerite magmatism.  In the SiO2 vs Na2O + K2O diagram, the composition of dolerite 

magma varies from basalt to basaltic andesite and was plotted within the region of the sub-alkaline magma 

series. Major and trace element geochemical discrimination diagrams (AFM, Jensen cation plot, and Nb/Y 

vs Rb/Y diagram) of different magma series indicate tholeiite affinity and are differentiated through 

fractional crystallization. The wide ranges in MgO (3.03-7.47wt %), and patterns of other major trace 

elements (such as Fe2O3, TiO2, and SiO2) and compatible trace elements (such as Ni and Cr) with MgO 

indicate the typical trends of fractional crystallization. Chondrite normalized rare earth element (REE) 

patterns indicate enrichment of LREE relative to MREE and HREE. Chondrite normalized REE patterns 

and Primitive Mantle (PM) normalized incompatible trace element patterns of dolerites are mainly 

comparable with those of continental basalts. The pronounced negative Nb, Ti, and positive Pb anomalies 

in the PM normalized diagram and Nb/La ratios of <1 represent the signals of crustal contamination of 

parent magma. In tectonic discrimination diagrams (Y vs Cr, Zr/4-2*Nb-Y), dolerites fall in the within-

plate basalt (WPB) field and continental basalt region. Hence, the studied dolerites indicate their origin 

from a differentiated contaminated-tholeiitic magma in an intra-continental tectonic setting. 

 
Financial assistance from the National Research Council, Sri Lanka. (Grant No 19-092) is acknowledged. 
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Bioaccumulation of heavy metals and metalloids poses both acute and chronic health issues in humans and 

animals. Hence, removing these toxic heavy metals from contaminated water is essential. The currently 

available treatment methods are costly and sometimes not appropriate for the current needs. Considering 

the high cost associated with advanced water purification technologies, developing low-cost and site-

specific methods to remove heavy metals is an urgent need. Natural red earth (RE), mainly composed of 

iron-aluminium oxide-coated quartz sand, is found in the north-northwestern coastal belt of Sri Lanka. The 

size fraction <180 µm of RE is well-known for its metal adsorption ability. However, the use of the fine 

fraction of RE in water filtration may lead to certain practical issues, such as clogging the filter media and 

contamination of purified water with particles. Hence, this study examined the use of RE as a water filter 

media to overcome the aforementioned difficulties. Column adsorption experiments were performed using 

the medium-sized sand fraction (125 - 500 µm) of RE. Cylindrical, plastic columns (width =5.5.cm, 

length=30 cm) were filled alternatively with 125-250 µm, and 250-500 µm size RE fractions as layers. 

Synthetic wastewater (arsenic ~ 3 mg/l, chromium ~ 3 mg/l) was passed through the column against gravity 

at a rate of 15 ml/min for 10 h.  Filtered samples were collected at every 15 min intervals and analyzed for 

As and Cr by inductively coupled plasma mass spectrometry (ICP-MS). Almost complete removal of both 

As (III/V) (from 3 to 0.0031 mg/l) and Cr (III/VI) (3 to 0.0060 mg/l) was confirmed by ICP-MS data. 

Hence, the medium-sized sand fraction of RE can be used as an effective filtering medium to remove As 

and Cr from contaminated water. Experiments are underway to determine the lifespan of the RE column. 
 

Financial assistance from the Accelerating Higher Education Expansion and Development (AHEAD) Operation of 
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The Common Coot (Fulica atra) is a less common breeding resident in the lowlands of the Northern part 

of Sri Lanka, while the Common Moorhen (Gallinula chloropus) is a locally rather common breeding 

resident in the lowlands throughout the country. The significant extents of mangroves, lagoons, and ponds 

in the Jaffna Peninsula provide ideal habitats for both these species. Their distribution and abundance have 

not been studied in the area, and this may hinder the conservation activities of these species. Hence, the 

objective of the present study was to determine the distribution and abundance of these species in the Jaffna 

Peninsula. Point counts are used in this study, which was undertaken from 2013 to 2018. To observe birds, 

binoculars (8×40 and 10×42) and a spotting scope (25×50) were used. Peak observation hours were 

between 0630-0830 h and 1530-1830 h, and counts of these birds were taken monthly. Each of the 12 sites 

was visited multiple times throughout the study period. The total number of individuals averaged 1,724 for 

the Common Coot and 116 for the Common Moorhen from the 12 sites during the study period. The main 

sites frequented by these birds included mangrove areas such as Sarasalai, Anthanathidal, Nagar Kovil, 

Kudarappu and Mamunai-Chempiyanpattu, and paddy areas associated with ponds such as Nunavil, 

Maravanpulavu, and major ponds in the Jaffna town. The highest number of common coots (532) was 

recorded from the Anthanathidal area. These two species have also been recorded in the Island areas of 

Jaffna. The study showed that both are rare resident birds in the Jaffna Peninsula compared to other 

waterbird species. However, the Jaffna breeding population of both species does not currently appear to be 

exposed to any serious threats. The wetland areas of the Jaffna Peninsula are potentially good birding 

destinations, which provide opportunities for ecotourists to enjoy many rare resident species like these. 

Hence, more attention should be given to the conservation and ecology of such species.  
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Vehicle Routing Problem (VRP) plays a vital role in supply chain (SC) management. The cross-docking 

(CD) strategy was introduced in the 1930s to reduce up to 70% of warehousing at traditional distribution 

centres in SCs. The research on integrating VRP with CD (VRPCD) was initiated in 2006. Open VRP 

(OVRP) is one of the variants of VRP, and it is more suitable for organizations which outsource the fleets 

of vehicles from third-party logistics (3PL) companies. In this study, one of the internal operations at the 

CD terminal (CDT), moving shipments (MS) from receiving doors to the shipping doors of CDT, is 

integrated with VRPCD. Consequently, this study considers open VRPCD with MS at CDT (OVRPCD-

MS). As an additional feature in this study, two sets of fleets of vehicles with two different capacities are 

added for pickup and delivery processes separately. Furthermore, the service cost at each customer and at 

receiving and shipping doors of CDT is considered when calculating the total cost of transportation. 

Moreover, the asymmetric distance between any two customers is assigned by incorporating a characteristic 

of one-way routes between cities in real-life transportation. The objective of this study is to minimize the 

total transportation cost which incurs travelling costs between customers, service cost at customer points, 

service cost at the receiving and shipping doors of CDT, cost of moving shipments inside the CDT and 

finally, the cost of hiring fleets of vehicles from 3PL. To solve the OVRPCD-MS problem, a mixed integer 

linear programming (MILP) model is developed. The programming models was implemented in LINGO 

(version 18) optimization software. The branch and Bound algorithm is employed to solve ten small-scale 

instances generated randomly. The applicability of the proposed MILP model is observed. The required 

fleets of vehicles to be hired and the run time to reach the optimal solution is determined. The study revealed 

that the average run time is exponential for small-scale instances. Thus, it can be concluded that this 

proposed model can be used for the last time in the planning of similar, small-size instances. At the same 

time, the combinatorial nature of VRP makes OVRPCD-MS as NP-hard problem. Therefore, this study 

recommends that heuristic or metaheuristic methods are more appropriate for the medium and large-scale 

instances of OVRPCD-MS to reach near-optimum solutions. This further recommends incorporating 

additional constraints to the OVRPCD-MS model, such as time windows for each customer, budget 

allocations for fleets of vehicles and temporary storage capacity at CDT to cover a broader spectrum of a 

study under investigation. 
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Although tropical rain forests hold large amounts of carbon, there is uncertainty about the quantity and 

distribution stored in forests. The Above Ground Biomass (AGB) of forests provides estimates of the 

carbon pools, as 50% of AGB is carbon. Hence, the availability of reliable AGB estimates is important. 

This study was carried out in the 25-ha Sinharaja Forest Dynamic plot (FDP). This study aims to estimate 

the AGB in the FDP and analyze the spatial and temporal variation of the AGB of the FDP over 25 years. 

The stems of the selected species were analyzed at eight different diameter classes. The 20 most dominant 

species in the FDP were selected for analysis based on the Important Value Index (IVI). The estimated 

AGB of the selected species were analyzed at eight different diameter classes. The ANOVA repeated 

ANOVA and Kruskal-Wallis test were used to understand the significance of temporal variation and the 

variation of AGB across diameter classes. The total AGB in each quadrat was obtained in Mg ha-1 and they 

were analyzed and visualized through spatial maps at a scale of 0.04 ha to understand the spatial variation 

of AGB. Further, AGB gains and losses over the years were calculated. Even though a change in AGB was 

observed over the years, the temporal variation of the overall AGB was not significant. However, the AGB 

change at diameter classes was highly significant. The spatial variability within the plot was high, and the 

spatial variation at 0.04 ha level over the years was statistically significant (p < 0.05). Most of the quadrats 

(80%) had AGB < 60 Mg ha-1, and around 42% of quadrats contained AGB < 20 Mg ha-1. The overall 

distribution of AGB in the FDP was positively skewed. Further, the total AGB in the FDP has decreased 

with time, indicating its role as a carbon source rather than a carbon sink. 
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Optimization techniques are important in tackling real-world problems such as project timelines, 

assignment challenges, and network traffic analyses. As a result, this work focuses on the concept of fuzzy 

theory as it relates to transportation optimization. The application of fuzzy transportation problems has 

proven to be beneficial in the decision-making process. The proposed method utilizing the geometric mean 

technique to solve the fuzzy transportation problem has all the fuzzy demand and supply represented by 

trapezoidal fuzzy numbers. As a result, decision-makers will find this technique very simple to comprehend 

and apply to real-life transportation problems. In this work, instead of standard methods which are 

prevailing already, the geometric mean approach indices are used to convert the trapezoidal fuzzy 

transportation problem into a crisp transportation problem. A numerical case is solved to define the 

suggested method, and the result is compared with other well-known meta-heuristic methods. This 

approach is an easy and fast method to find solutions close to the optimal solution or near-optimal solution. 

Other types of issues, such as assignment issues, network flow issues, and project schedules, can also be 

resolved using this method. 
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Tidal height data provide vital information for the construction of ports, coastal buildings, development of 

the fisheries industry, and human activities. The conventional harmonic approach needs a significant 

volume of measurements to produce accurate predictions of tidal elevations. In order to overcome the 

difficulty in getting large volumes of data for conventional harmonic analysis, this research presents an 

Artificial Neural Network Technique called back-propagation procedure with a Stochastic Gradient 

Descent algorithm on limited data to forecast the tidal elevations in eastern and western coastal areas of Sri 

Lanka. Hourly tidal heights at Colombo and Trincomalee spanning from September 2020 to January 2021 

were used for this study. The sine and cosine values of frequencies of significant tidal constituents at a 

particular hour were used as input neurons. Then the network structures were trained, validated, and tested 

for eight different periods viz., 7, 10, 15 days, and 1, 2, 3, 4 and 5 months, with zero and one hidden layer 

up to 10 neurons to find the minimum data required for accurate predictions. Using the Mean Squared Error 

(MSE) and the coefficient of determination (R2) to measure the accuracy of predictions, it was found that 

tides in Colombo are dominated by the mixed semidiurnal type, which is in contrast to the semidiurnal type 

observed in Trincomalee and in equatorial countries. Moreover, there was a substantial difference in mean 

tidal elevations at both locations. Out of 69 constituents, five were identified as significant with two months 

of hourly tidal measurements, which were the same for both locations. This corresponds to about 15% of 

data generally required for conventional harmonic analysis to identify the significant constituents. The 

optimal neural network structures for Trincomalee and Colombo areas were attained from fifteen days of 

data with 8 neurons and two months of data with 5 neurons, respectively, in the hidden layer, each of which 

yielded the minimum MSE and the highest R2 value and thus efficiently predicting hourly tidal heights at 

each location.  
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Today, an increasing amount of data is transmitted via the Internet. This data includes not only text but also 

audio, images, and other multimedia. Images are commonly used in our daily lives. However, it is vital to 

building a secure encryption scheme when delivering images over an unsecured network. Homomorphic 

cryptographic techniques protect privacy while allowing computation on encrypted data. Moreover, it is a 

type of encryption that allows users to compute encrypted content without decrypting it. Many public-key 

encryption techniques, including homomorphic encryption schemes, are theoretically proven but not 

deemed practical for various reasons, including the huge size of the public key. The study uses the Hermite 

Normal Form (HNF) encryption technique to provide an efficient homomorphic encryption algorithm for 

image processing operations on encrypted images saved in the cloud or transmitted over an unprotected 

connection. The HNF method has proven highly versatile and secure, making it ideal for homomorphic 

encryption. The scheme was tested using some generated codes in python language. Analyses like 

histograms and correlation are performed to verify the proposed scheme's efficiency. The experimental 

results demonstrate that the suggested strategy can accomplish efficiency and security for cloud users. 
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Porous medium and fractured hard rocks are the two main domains where groundwater can be found. As 

no randomness is involved, deterministic models can be utilized to represent the water flow in the porous 

medium. In contrast, quantifying groundwater movement through fractures is difficult due to its irregular 

distribution. In a heterogeneous environment, we estimate the aquifer parameter hydraulic conductivity, 

which has a complex spatial variation and high uncertainty. These circumstances are addressed by 

stochastic models. As the relevant published studies are not available in Sri Lanka, the objective of this 

study is to apply stochastic modelling to groundwater flow for a 20 km2 area in Neetiyagama, 

Anuradhapura. This study specifically aims to quantify the spatial relationships of hydraulic conductivity 

between sample values using semi-variogram models, simulate the spatial distributions using Simulated 

Annealing and interpolate the values using Kriging interpolation. The dataset consists of hydraulic 

conductivities with location coordinates East and North of 41 samples. The semi-variogram is used to 

quantify the spatial relationship between the sample values. Semi-variance values were plotted with respect 

to lag distance. A Spherical model was chosen from semi-variogram models, and nugget, sill and range 

values were initialized based on the behaviour of semi-variance values. Simulated annealing is an 

application of the Monte Carlo method, which minimizes the squared difference between the desired and 

actual semi-variogram by generating realizations that are guaranteed to fit the actual semi-variogram. Using 

Simulated Annealing, the converged objective function, nugget, sill and range values were obtained, and 

the best fit for the Spherical model was identified. To approximate the values of unknown points in the 

study area, the known values of the measured data are interpolated using Kriging interpolation, and 253 

realizations were yielded. Model validation was carried out by visualizing actual and predicted data, as 

there are few sample points in the model validation dataset. This can be further carried out with a proper 

validation dataset. The results of this study can be applied to geologically heterogeneous terrains and will 

be able to obtain a spatial distribution of hydraulic conductivity over the location coordinates. 

 
Financial assistance from the National Institute of Fundamental Studies (NRC 16-015) is acknowledged. 
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Enhanced Oil Recovery (EOR) is based on three stages; primary, secondary, and tertiary oil recovery 

processes. In the primary oil recovery process, the natural pressure of the reservoir is used, and in the 

secondary process, water or gas is injected to enhance the oil recovery. The injection of nanofluids into the 

oil reservoirs is a recent approach to chemical flooding in the tertiary process. Unlike conventional EOR 

techniques used in the primary and secondary stages, it has the potential to produce an extra portion of oil. 

Aluminium oxide, magnesium oxide, silicon dioxide, carbon nanotubes, bacterial cellulose nanocrystals, 

graphene oxide, and clay materials can potentially be used in nano flooding. This study was carried out to 

compare the performance of selected one-dimensional nano powders (metallic oxides) for EOR, which are 

aluminium oxide, magnesium oxide, and silicon dioxide, by dissolving 0.4% of each nano powder into the 

brine (salted water: since it helps to reduce the dynamic interfacial tension) separately. A new mathematical 

model was built to find the saturation of nanofluids in the fingering phenomenon for the inclined oil layer. 

The fingering phenomenon occurs during the second and third oil recovery processes when a fluid 

contained in a porous medium is displaced through some other of lesser viscosity, as opposed to normal 

displacement of the entire front. Second-order approximate solutions for saturations of nanofluids for 

inclination angles 00 and 100 were obtained when the least squared residual error occurs using the Method 

of Directly Defining the inverse Mapping (MDDiM), which is a novel technique to solve nonlinear 

differential equations. The results revealed the highest saturation from the brine mixed with aluminium 

oxide compared to others and also noted that the mixture with magnesium oxide gives the lowest saturation. 

Since the oil recovery factor is directly proportional to the saturation of the injective fluid, we can conclude 

that the brine with aluminium oxide benefits the EOR. 

 

Keywords: Aluminum oxide, Enhanced oil recovery, Magnesium oxide, Method of directly defining the 
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An assignment problem is a particular case of a transportation problem where the objective is to assign 

several resources to an equal number of activities to minimize the total cost or to maximize the total profit 

of allocation. Hungarian algorithm is applied to solve the assignment problem with minimization or 

maximization problems. If there is an assignment problem with at least two or more objective functions, 

then there are conflicting objective functions to determine the optimal assignment schedule satisfying all 

the objective functions and constraints represented in the mathematical model. The Multi-Objective Fuzzy 

Linear Programming Problem in which all the parameters and variables are represented by fuzzy numbers 

is known as the Fuzzy Linear Programming Problem. A fuzzy number is characterized by a membership 

function. Various shapes of membership functions that can be applied to real-world planning are linear, 

nonlinear, triangular and trapezoidal. This study proposes the Multi-Objective Fuzzy Linear Programming 

Problem to solve an assignment problem with conflicting objective functions. The linear membership 

function is used to formulate the fuzzy constraints for the assignment problems. A hypothetical example is 

used to compare the Hungarian algorithm with the Multi-Objective Fuzzy Linear Programming algorithm. 

In this study, two problems are solved, where one with an objective minimization function and the other 

with a maximization objective function solved by applying the Hungarian algorithm. The optimal schedule 

obtained for the minimization problem is used to obtain the optimal solution for the maximization problem 

and vice versa. Then, the same problem is solved using the Multi-Objective Fuzzy Linear Programming 

algorithm to determine the optimal schedule and optimal solutions for maximization and minimization 

assignment problems. As a result, a feasible schedule and optimal solutions for maximization and 

minimization problems are obtained by applying the Multi-Objective Fuzzy Linear Programming 

algorithm.  
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Environmental pollution is one of the most severe global challenges. It increases gradually and causes a 

grave impact on living organisms, including human beings. Therefore, waste management is a common 

issue in all developing countries. Colombo is Sri Lanka's most populated city that faces the biggest garbage 

problem than other cities. This research focuses on the Colombo municipal council area as it is a highly 

environmentally polluted city in Sri Lanka. The Colombo municipality area divides into six main 

administrative districts D1, D2A, D2B, D3, D4, D5, and each administrative district is divided into 

municipal wards. One municipal ward consists of several locations and streets for collecting garbage. 

Google map and Colombo municipal council website are used to find garbage collection places, and python 

software is used to construct a garbage collection network as an undirected graph, where each node 

represents a location. Each edge represents a path between two locations. In this study, centrality measures 

such as betweenness, closeness, degree, and eigenvector centrality measures are used to find central 

locations of the network. After calculating centrality measures, central nodes can be identified by choosing 

the highest closeness centrality values of the garbage collection network (GCN). Then central nodes of the 

GCN belonging to each municipal ward can be identified. By identifying central places, some machines or 

recycling trucks can be placed in those central places to deposit the waste. Those central locations help find 

the cost-effective route that could reduce the cost and collection time of the garbage collection procedure. 

The weighted graph was constructed by assigning average garbage amounts for the edges. Collected 

garbage weights, betweenness centrality and degree centrality, are used to identify the shortest garbage 

routings between central nodes in each municipal ward. Garbage collection trucks can use this shortest path 

in order to reduce their fuel cost and collection time. 
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COVID-19 is a pandemic that is spreading rapidly worldwide. Direct contact with an infected individual is 

one form of transmission. This spread has a more prominent possibility in public areas such as ATMs 

(Automatic Teller Machines) that people use by touching. The spread would be much more significant if 

an infected person used such products. This research aims to analyze and convert a traditional touch-based 

ATM system into a touchless computer vision-based system. A new HMI (Human Machine Interface) 

application was developed for the system to be a more gesture-friendly interface to interact. The new system 

was able to replace the touch base operations of the old system with hand gestures. A separate health-

checking unit was also developed with the touchless computer vision-based system. When an individual 

entered to use these systems, the health conditions of the person were checked by the health check unit. 

The unit mainly checks each individual's body temperature, saturated O2 level, and pulse rate. Next, if the 

users' health data is normal, the individual can proceed to use the HMI ATM application. The data gathered 

by the health check unit was sent to a cloud server so these data could be stored and used to analyze the 

health conditions of the people using these systems for a certain period. A mobile application was also 

developed to gather user data on who uses the device and integrate health check data for each individual. 

This prototype displayed an ecosystem for integrating the health check unit and the touchless ATM 

application. 
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Crime is one of the critical social problems that Sri Lanka has been experiencing in recent years. It seriously 

affects communal harmony and socioeconomic status. Therefore, studying and identifying factors 

influencing crime is vital in policy-making and development. This study focuses on identifying factors 

influencing the crime rate in the Badulla District. For this study, the number of crimes was treated as a 

count response variable, while occupation, crime type, area and age group were treated as explanatory 

variables. The required data covering the period from January 2020 to December 2020 were collected from 

the Crime Unit of Badulla Police Station. Chi-squared test of independence was carried out to determine 

the significant relationship between crime type with other explanatory variables. Further, a log-linear model 

was applied as a linear modelling approach to identify the most significant variables, as it is appropriate 

for modelling counts in the contingency table. Model parameters were estimated by using the maximum 

likelihood method. The likelihood ratio test was also used to check the model's overall fit. Based on the 

results of the chi-squared test, it was noted that there is a significant relationship between crime type and 

occupation (p=0.0008), area (p=0.0223) and age group (p=0.0182). Therefore, based on the dispersion 

parameter and likelihood ratio test results, log-linear model fits well for the number of crimes. Moreover, 

the results of a log-linear model revealed that area and age group are significantly related to the number of 

crimes. While controlling other explanatory variables, it was observed that the expected number of crimes 

in rural areas was about twice the number in urban areas. Furthermore, the expected number of crimes 

committed by 25-54 in rural and urban areas was higher than in other age groups while controlling other 

explanatory variables. 
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This research analyses the fractional (3+1)-dimensional nonlinear Schrödinger equation with Kerr law 

nonlinearity. This equation characterizes the propagation of attosecond light pulses over a nonlinear optical 

fibre. The new extended auxiliary equation method is applied to obtain the new Jacobi elliptic function 

solutions with the aid of the conformable derivative. The proposed method is an effective and more 

powerful mathematical tool for constructing exact solutions of nonlinear evolution equations. The obtained 

solutions have degenerated to bright, dark, singular and periodic solitary wave solutions. In addition, the 

condition for the modulational instability of continuous wave solutions for the equation is generated. 

 

Keywords: Conformable fractional derivative, Jacobi elliptic function solutions Kerr law nonlinearity, 
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Fluid flow through porous media occurs in many industrial, geophysical, and biochemical applications, 

such as filtration and biological tissues. In this study, the stability of the viscous fluid flow through 2D 

cylindrical porous media is studied. The steady Darcy-Brinkman equation as the governing equation is used 

to describe the fluid flow through the porous media. There are many methods that we can use for stability 

analysis. Galerkin approximation and the Homotopy perturbation method are some of them. By considering 

the accuracy of the method, under this study, the modal stability analysis is performed using the 2D Orr-

Sommerfeld derivation method. Due to the efficiency and accuracy, the Chebyshev collocation method is 

used to solve the boundary value problem. In the Chebyshev collocation method, small disturbances to the 

velocity potential are applied. Then the equations are expanded in terms of Chebyshev polynomials. By 

doing a stability analysis, we can determine whether the flow is stable or unstable. The stability analysis 

was done using the eigenvalue analysis. The most unstable eigenvalues for the fluid flow through the 2D 

porous cylinder are used to obtain the stable or unstable flow conditions at various Reynolds numbers and 

for various wave numbers. Conclusions are obtained as follows; if the eigenvalue has a negative imaginary 

part that indicates the base flow is stable, if there exists one eigenvalue with a positive imaginary part that 

indicates the base flow is unstable. The base flow is stable or unstable when the largest imaginary part of 

the eigenvalue equals zero. It is shown that the stability of the flow field depends on the parameters, such 

as wave number and Reynolds number. Future work will be focused on determining the stability conditions 

for the free flow over porous media.  
 

Keywords: Chebyshev collocation method, Darcy-Brinkman equation, Orr-Sommerfeld derivation 
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Exploiting microbial cultures through gene manipulation techniques to synthesize the target proteins is 

popular among pharmaceutical industries. However, the changes in the nutritional and environmental 

conditions of the culture medium can perturb the protein production rate. Extracting the background 

machinery of gene expression from cells and assembling them into a reaction vessel to conduct DNA 

programs in a cell-free format can circumvent many problems associated with cell-dependent norms. In 

this work, a mathematical model for cell-free protein synthesis (CFPS) was developed. The model 

encompasses the mechanics of protein synthesis, extract methodology, consumption of biological nutrients, 

the active duration of protein synthesis, and the DNA template loading capacity, which are lacking in 

previous CFPS models. In CFPS, the concentrations of molecular components engaged in protein synthesis 

are within limits to apply continuum hypotheses and mass action-based formalisms. Therefore, by 

formulating ordinary differential equations for each component, the performance of the system under a 

particular setting can be evaluated. Further, plugging in the kinetic parameters available in the literature to 

simulate the model can be justified because it is not biosystem specific and can be treated as independent 

entities. Simulating the CFPS pipeline using the literature values showed that the maximum concentration 

of reporter protein yield obtainable is 21.0 pM. Testing for increased resources showed that the maximum 

concentration of protein obtainable reaches up to 0.4 nM. Testing the DNA template loading capacity 

indicated that the protein product increases linearly and plateaus after a critical DNA concentration of 2.0 

nM. The model developed in this research is not entangled with the fundamental assumptions of Michaelis-

Menten kinetics. Therefore, it can be used as a scaffold to formulate more complex and practical CFPS 

models with nuance parameters appropriate for pharmaceutics and biomanufacturing. 
 

Code availability: The necessary codes to reproduce the key findings of this work are available at GitHub 

(https://github.com/zachariah-ibrahim/cell-free-protein-expression). 
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Due to travel restrictions and stay-at-home orders brought about by the COVID-19 epidemic, social media 

platforms like Twitter have become an outlet for people to voice their worries, opinions, and feelings. 

Twitter is used by people, medical organizations, and governments to communicate about COVID-19. The 

goal of this study was to determine the effectiveness of COVID control and prevention in Sri Lanka by 

identifying the most discussed topics about COVID control and prevention among social media users and 

analyzing the sentiments of discussions on Twitter. The Tweepy python library and Postman with the 

Twitter API were used to collect English tweets related to COVID-19 control and prevention between 

January 1, 2020, and February 28, 2022. The analysis included topic modeling to identify topics and 

sentiment analysis to identify the emotions of Twitter users. The proposed methodology for topic modeling 

was based on the coherence score, which was used as the quality measurement for topic modeling. An 

unsupervised machine learning algorithm (the Latent Dirichlet allocation algorithm) was used to identify 

topics. For starting topic modeling, a combination of unigram and bigram was created to better understand 

key terms for identifying topics. For selecting better text feature vectors from the preprocessing dataset, 

both BOW (Bag of Words) and TF-IDF (Term Frequency-Inverse Document Frequency) were used for 

extracting features. The base model was trained with TF-IDF and with BOW and compared for the 

coherence score. The hyperparameters (number of topics, alpha) of a chosen LDA model were tuned to 

find the best combination of hyperparameters that results in the optimal number of topics. This study 

trained the final LDA model with the best hyperparameter combination and got the identified topics. 

VADER (Valence Aware Dictionary and Sentiment Reasoner) was used to identify the sentiments of each 

tweet. Each tweet was classified as positive, negative, or neutral based on the compound score. The results 

showed that the coherence score of the LDA model was increased through the proposed methodology. The 

increments in coherence score happened in three steps: the feature vector using TF-IDF, the optimal 

number of topics (k) = 21, and alpha = "auto". Further, 21 topics were identified by combining unigram 

and bigram key terms, which resulted from topic modeling. Then, the results of sentiment analysis indicate 

41% of tweets are negative, 33% positive, and 26% neutral. The main finding of this study is that Sri 

Lankans have negative feelings towards COVID control and prevention in Sri Lanka, as results of sentiment 

analysis indicate a higher percentage of total tweets are negative, and results of topic modeling indicate 

there are many negative topics being discussed by Twitter users. The coherence score is one quality 

measurement that can be used to evaluate topic modeling, and the combination of unigram and bigram 

provides better interpretability. Social media platforms such as Twitter are robust communication platforms 

that can be used to express public thoughts. The findings of the studies assist governments, the health 

sector, and the general public in raising awareness about the effectiveness of COVID control and in 

improving their strategies and plans for future health pandemics. 
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Customers play a vital role in business because they bring revenue to the company. Businesses cannot 

continue to exist without customers. Further, it is a challenge for the company to attract new customers and 

retain existing customers. Retaining customers is cheaper than acquiring new customers in any type of 

business. Insurance companies frequently update and initiate new strategies to retain their customers due 

to the competition in the insurance industry. Therefore, the purpose of this study is to analyze the behaviour 

of policyholders and to examine how to increase the profitability level by increasing the number of 

customers retained in the company. The policyholders of one of the leading insurance companies in        Sri 

Lanka have been selected. Appropriate regression and machine learning models are used to analyze 

customer retention. Secondary data was collected by the company database, and primary data was collected 

through a questionnaire and telephone conversations with customers of the relevant organization. Data was 

collected from 1,162 policyholders from January to December 2021. The preliminary analysis identified a 

significant association between the predictor variables and customer retention. Logistic Regression (LR), 

Decision Tree (DT), and Support Vector Machine (SVM) were used in the study to predict customer 

retention rate. The random sampling method was used to avoid the problem of class imbalance in the 

datasets considered in the study. Business party, reason (or purpose), customer retention ratio, no claims 

bonus, and education level were identified as the most influential factors for customer retention by using 

LR final model. The models mentioned above can be considered suitable models for predicting customer 

retention in general insurance. This study identifies the best model as the DT model, and it classifies 

customer retention rate with an accuracy of 66%. Therefore, the models developed in this study can be used 

to manage customer retention, hence increasing the profitability level.  
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Paddy leaf diseases have been increasing significantly due to environmental pollution, climate change, and 

globalization, thus affecting the country's economy. The conventional way of detecting paddy leaf diseases 

is time-consuming. In the present world, many technological solutions are provided to detect diseases for 

sustainable agriculture. A number of research studies on the detection of paddy leaf diseases using digital 

technologies are facilitating the development of artificial intelligence techniques that can examine the 

paddy leaf data automatically to localize the affected area and detect the types of disease. Those numerous 

techniques are still competing with accuracy due to the complication of algorithms and features of the data 

set. The research paper proposes a novel idea for creating an autonomous system to identify paddy diseases 

such as paddy blast, brown spot, and narrow brown spot disease using image processing techniques for 

improving image resolution and the Deep Neural Network (DNN) for diagnosing paddy diseases. The 

proposed system inputs the collected paddy leaf images and use canny edge detection, multilayer 

thresholding, and region-growing algorithms for image segmentation and GLCM (grey level co-occurrence 

matrix) techniques to extract texture data, as well as colour and shape features to increase the framework's 

accuracy, and DNN for classification. The overall segmentation accuracy of 88.5%, the sensitivity of 

86.1%, and the specificity of 90.5% in the experiments, and the results compete and significant 

improvements with existing segmentation algorithms.  

 

Keywords: Deep Neural Network (DNN), Grey Level Co-Occurrence Matrix (GLCM), Canny Edge 

Detection, Multilayer Thresholding, and Region-Growing Algorithm. 
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The news tells us about what happens around us. Nowadays, people use news sites to read exciting news. 

News has many categories. The preferable choice of the news category differs for each newsreader. In the 

end, every news category is important. Every day lots of news is published on news websites. Typically, 

news sites categorize the news, but all the categories are not included on that site. Most news sites prioritise 

some categories, and other categories get lower media coverage. It is, therefore, difficult to find the relevant 

types of news. These problems give complexity to the newsreaders and relevant content seekers to find the 

relevant section on the news sites. The clustering of English news based on the relative category gives 

solutions to overcome those problems. This study aims to cluster news articles based on the relevant domain 

using machine-learning algorithms. We consider five domains: politics, sports, health, technology, and 

business. The online collected data was converted into vector format by using the term frequency-inverse 

document frequency vectorization. Then, the three clustering algorithms: Expectation Maximization, 

Simple Kmeans, and Hierarchical Clustering based on agglomerative technique, were separately applied to 

the body of the news and the news headline. The accuracy is calculated through the classes to clusters 

evaluation model in the WEKA tool. The results show that the Expectation Maximization algorithm 

achieved the highest accuracy of 87.9%, while it was 83.8% for the Simple Kmeans algorithm. Further, the 

Hierarchical Clustering method achieved the minimum accuracy results. The comparison results between 

the heading of news and the body of news show that the body of news performed better than the heading 

of news to cluster the news articles. 
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Madhuca longifolia (Koenig) J.F. Macb. var. longifolia is a tropical tree belonging to the family Sapotaceae 

with a high reforestation potential, and immense benefits economically and in traditional medicine. 

Overexploitation and rapid deforestation combined with the problems in seed propagation due to viability 

and survivability in the soil increased species vulnerability in natural forests. These drawbacks can be 

overcome by the development of a rapid regeneration technique for M. longifolia. In the present study, a 

successful in vitro propagation protocol from sterilization to hardening was developed by direct 

organogenesis through apical shoots and nodal cutting explants. The combined effect of 10% (v/v) sodium 

hypochlorite (NaOCl) for 10 min following 0.1% (w/v) mercuric chloride (HgCl2) for 5 min increased the 

survival rate of all explants (83.9%) compared to using NaOCl alone. Culture initiation was influenced by 

the type of explants, where apical shoots showed a higher response (90.0%) than nodal explants (77.7%) 

in bud break. Both explants indicated the highest bud break percentage in the shortest duration 

(approximately 6 and 15 days, respectively) with 1.0 mg l-1 6-benzyl amino purine (BAP). A higher 

multiplication rate of micro shoots (7.93) from a single node was observed with 1.0 mg l-1 BAP combined 

with 3.0 mg l-1 Zeatin (ZEA). A culture medium with ZEA was more efficient for shoot multiplication than 

indole-3- acetic acid (IAA) or gibberellic acid (GA3), where shoot elongation was enhanced under a low 

concentration of BAP (0.2 mg l-1). The application of kinetin has no significant effect on shoot 

multiplication.  In vitro grown shoots can be successfully rooted within 9 days by pulsing with IAA (0.5 g 

l-1) for 2 h (64.7%). After 12 weeks, 88.9% of plants survived after keeping in a soil-less ¼ MS media for 

four weeks before transferring into the sand: compost (1:1) media under greenhouse conditions.  
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The glycemic index (GI) of a particular type of carbohydrate affects the rate of change in blood glucose 

concentration or glucose metabolism in the body. For healthy eating, foods with a low GI are recommended. 

This study aimed to determine the GI of five commercially available cereal products. The GI was 

determined using measured portions of food containing 50 g of carbohydrates given to the six healthy 

volunteers. Blood glucose curves were constructed based on the blood glucose concentrations at times 0, 

30, 60, 90 and 120 min following the meal. The GI was calculated by dividing the Incremental Area Under 

the Curve (IAUC) for the tested food by that of the Incremental Area Under the Curve of Standard food 

(IAUCS). After the meal, the average of the respective blood glucose concentrations was used to draw a 

blood glucose response curve for the two hours. The individual IAUC values for each test food in each 

subject are expressed as a percentage of the mean IAUC value for the repeated reference food tests taken 

by the same subject. The mean of the resulting values for each food is the GI value. The Glycemic Load 

(GL) of a specific serving of each food was calculated using the following equation: GL = (GI of test food 

× available carbohydrate in a serving of test food [g])/100. MS Excel 2013 and Minitab 2017 were used to 

analyze the data. The mean values of GI for products 1 to 5 (PRO 1 - PRO 5) were 58.6, 53.5, 82.9, 76.3 

and 55.4%, respectively.  There was no difference in GI vs. GL. The study concludes a significant 

difference in GI among tested cereal products (p<0.05).  
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Phyllanthus emblica (nelli) is a traditional medicinal plant used to treat many diseases. Here we tested the 

toxicity of the P. emblica on mammalian (Vero) cells as part of an antiviral screening of plant products 

against dengue using the CytoTox-96® Non-Radioactive Cytotoxicity Assay. This colourimetric assay 

quantitatively measures lactate dehydrogenase released upon cell lysis. P. emblica leaves were ground, and 

two-fold dilution series was prepared using fresh, neat extract. Two 96-well plates were prepared with Vero 

cells, and an assay was set up with an analytical system based on negative control (without Vero cells), 

vehicle control (untreated cells) and positive control (lysis solution) with four replicates. Leaf extract was 

added to the test wells at different concentrations: one plate was incubated for 5 h (LDH has a half-life of 

approximately 9 h), and the next plate was incubated for 24 h (cell exposure time in antiviral treatment) at 

37 oC. The absorbance data were measured using a standard 96-well plate reader (LabtechLT-4500, 

Singapore), and the percentage cytotoxicity was calculated for each concentration. The colour intensity and 

absorbance values decreased with the decreasing concentrations of P. emblica leaf extract. The percentage 

cytotoxicity for dilutions of 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256, 1/512 and 1/1024 were 95.6, 71.53, 

74.77, 82.16, 79.91, 40.25, 7.37, 0.16 and -1.24, respectively, for the 5 h of incubation. The percentage 

cytotoxicity for dilutions of 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256, 1/512 and 1/1024 were 141.61, 133.24, 

127.78, 121.88, 109.79, 106.67, 30.64, 22.67 and 25.39, respectively for the 24 h of incubation. High 

concentrations of P. emblica extract resulted in high cell lysis. High concentrations of P. emblica leaf 

extracts were cytotoxic to Vero cells. Cytotoxicity data of P. emblica leaf extracts help select the minimum 

toxic concentrations (<1/256) for testing the inhibitory activity of P. emblica leaf extract against dengue 

viral infections. 

 
Financial assistance from the University of Peradeniya (Grant No. URG/2016/47/M) is acknowledged. 
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The liquid endosperm of tender coconut (Cocos nucifera) makes a refreshing drink during summer. It is 

also prescribed for cases of diarrhoea and vomiting against dehydration of the body. Global use and demand 

for tender coconut water have increased due to its nutritional and medicinal benefits. The nutritional 

composition and phytochemical profiles of young coconut water are influenced by variety, location, and 

environmental factors. This study aimed to compare the physicochemical and nutritional properties of 

tender coconut water (5-7 months mature) obtained from eight varieties of Cocos nucifera cultivated in 

Jaffna, Sri Lanka. Six local varieties viz., Ran thambili, Nawasi, Green dwarf, Yellow dwarf, Brown dwarf, 

King coconut, and two hybrid varieties (CRIC 60 and CRIC 65), were tested. Nutritional and 

physicochemical parameters of the tender coconut water of eight palm varieties were analyzed in triplicates 

(3 from each palm) using standard assay methods. Based on the study, significantly higher levels of total 

soluble solids (5.0±0.6 oBrix) and total protein (0.59±0.15 mg BSA/ml) were found in the King Coconut 

(Aurantiaca variety). Total sugar content was significantly higher in the King Coconut (63.575±0.28 

mg/ml) and CRIC 65 (64.47±2.4 mg/ml) than the other varieties tested. Nawasi (43.9±2.42 mg/ml), Ran 

thambili (43.8±3.6 mg/ml), Green dwarf (44.22±1.47 mg/ml), and Yellow dwarf (43.38±3.01 mg/ml) 

showed significantly higher levels of reducing sugar than other varieties. Total phenolic content was 

significantly higher in the King Coconut (26.25±1.9 µg GAE/ml) and Ran thambili (28.12±2.12 µg 

GAE/ml) than the others. Total antioxidant capacity was significantly higher in the King Coconut 

(403.73±13.42 mg GAE/ml), Ran thambili (410.21±15.3 mg GAE/ml), and Green dwarf (420.99±9.6 mg 

GAE/ml) than the other varieties tested. High transmittance percentage (98.8%) and less turbidity were 

found in Nawasi (typical variety) and Green dwarf. These biochemical characteristics of various popular 

Sri Lankan coconut varieties could be considered when choosing them for commercial products.  
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Nanoparticles provide a promising prospective in future medical applications, especially in fighting against 

microbial diseases while mitigating the development of acquired resistance in bacteria. Several studies have 

investigated the potential of using silver nanoparticles to treat infectious diseases, cancers and wounds, 

although silver may cause toxicities. The ancient Rasa Shastra (Indian Alchemy) and Ayurveda inherit a 

unique set of herbo-mineral-metallic drugs (Rasa Aushadha), which consist of fine particles believed to be 

in the nanoscale (e.g. Bhasma). Rajatha Bhasma (RB), made out of fine silver particles, is used to treat 

neurological, respiratory, digestive, skin and infectious diseases in Ayurveda medicine. However, to date, 

only a handful of studies have investigated the potential toxicities of these herbo-mineral-metallic drugs 

used in Ayurveda. The objective of this study was to investigate the acute toxicity of RB in comparison 

with modern silver nanoparticles (SNP) using brine shrimp lethality bioassay (BSLB). One preparation of 

RB (RB1) was made by the researchers following the recommended authentic procedures. Two other RB 

products in the market were purchased (RB2 and RB3). SNP were prepared using the Turkevich method. 

In order to conduct the BSLB, artificial seawater was prepared in the laboratory. Nauplii of brine shrimp 

(24 h old) were exposed to different concentrations of RB and SNP (674.00 µg ml-1, 337.00 µg ml-1, 167.00 

µg ml-1, 83.50 µg ml-1, 41.75 µg ml-1, 20.88 µg ml-1, 10.44 µg ml-1, 5.21 µg ml-1, 2.60 µg ml-1, 1.30 µg ml-

1 and 0.65 µg ml-1) in triplicates in 12 well cell culture plates. De-ionized water was used as the control. 

After 24 h, the number of dead nauplii was counted, and the percentage of deaths was calculated. The lethal 

concentration required to kill 50% of the population (LC50) was calculated using the software Minitab 14. 

SNP, RB1, RB2 and RB3, in respective order, had LC50 values of 32.75 (±8.50) µg ml-1, 326.17 (±94.40) 

µg ml-1, 340.03 (±158.50) µg ml-1 and 149.52 (±85.85) µg ml-1. The study reveals that the RB preparations 

were relatively non-toxic compared to SNPs at the concentrations used. However, acute and chronic 

toxicities associated with RB treatments need to be further assessed in higher animal models.  
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Recent researchers have steered their attention towards plant-based antimicrobial agents to overcome 

antibiotic resistance and the adverse effects of synthetic antibiotics. Hence, mangrove fungal endophytes, 

the occupiers of internal plant tissues, and their secondary metabolites are being vastly studied. However, 

the antimicrobial properties of Sri Lankan mangrove fungal endophytes are relatively unexplored. The 

current investigation aims to detect the inhibitory potential of the foliar fungal endophytes isolated from 

seven mangrove species from the Western Province of Sri Lanka, viz., Avicennia marina, Bruguiera 

gymnorrhiza, Nypa fruiticans, Rhizophora mucronata, Rhizophora mangle, Sonneratia alba and 

Sonneratia caseolaris. Pure fungal isolates obtained by the culture-dependent method were subjected to 

solvent extraction using ethyl acetate. The antimicrobial screening was performed using the well diffusion 

assay against two microorganisms: Escherichia coli (ATCC 25922), a Gram-negative bacterium and 

Staphylococcus aureus (ATCC 25923), a Gram-positive bacterium, and diameters of the inhibition zones 

were measured. The highest number of isolates (3) were obtained from S. alba and S. caseolaris. 

Aspergillus tamarii, Aspergillus terreus, Aspergillus flavus, Aspergillus niger, Penicillium citrinum, 

Penicillium notatum and Penicillium verruculosum were isolated from certain mangroves and categorised 

based on their macroscopic and microscopic characteristics. Most of the isolates were inhibitory against 

both the test organisms except A. flavus isolated from R. mangle. The highest inhibitory action was 

exhibited by P. notatum of N. fruiticans against S. aureus (22+2.5 mm) and E. coli (19.5+2.5 mm). The 

least potency was exhibited by A. terreus (7+1.1 mm) isolated from S. alba against both test organisms. A 

greater inhibitory action was exhibited towards S. aureus than E. coli except for the positive control, P. 

citrinum isolated from R. mucronata and S. alba. Other isolates exhibited low to moderate activities. Hence, 

it is evident that the foliar endophytes are capable of eliciting bacteriostatic action against certain bacterium 

and will aid in the discovery of non-synthetic antibiotics. 
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Post-harvest loss of stored grains due to insect pests is a major problem in Sri Lanka. Control of these pests 

has become challenging due to the development of insecticide resistance. This study aimed to investigate 

insecticide resistance of two major stored product pests: rice weevil, Sitophils oryzae and cowpea weevil, 

Callosobruchus maculatus, against commonly used pesticides, malathion and deltamethrin. Five 

concentrations of each insecticide were selected based on preliminary results. Healthy adults (25-30), 

obtained from the stock cultures were exposed to each concentration (replicates were conducted to test 

>100 individuals per concentration) for 1 h using the insecticide-impregnated paper method. Mortalities 

were recorded after a 24-h recovery period. Log-probit curves were constructed, and the lethal doses needed 

to kill 50% and 90% (LD50 and LD90) of the established population were obtained by regression analysis. 

For both species, lethal dosages for deltamethrin were lower than that for malathion, indicating 

susceptibility to deltamethrin. The LD50 of Ca. maculatus for deltamethrin (LD50=200 mg/l) was 12.5 times 

lower than that of malathion (2,500 mg/l). The LD90 (2,600 mg/l) of Ca. maculatus for deltamethrin was 

closer to the LD50 of malathion (2,500 mg/l). For Si. oryzae, the LD50 and LD90 for deltamethrin were 2,400 

and 9,700 mg/l, respectively. Both these values are noticeably higher than the values obtained for Ca. 

maculatus. The lethal dosages for malathion for Si. oryzae was slightly higher (LD50=2,400 mg/l, 

LD90=9,500 mg/l) than that of Ca. maculatus (LD50=2,500 mg/l, LD90= 8,500 mg/l). Overall, these results 

indicated a higher level of resistance in Si. oryzae to both insecticides. The susceptibility to deltamethrin 

suggests it could be more effective in controlling both pest species. Studies continue to determine the 

underlying resistance mechanisms these species show to tested insecticides. 

 
Financial assistance from PGIS Research Grant Programme 2020 (Grant No. PGIS/2020/12) is acknowledged. 
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Microplastic (MP), derived from the long-term degradation of plastics, pollution has become a major global 

issue, and its impacts on natural ecosystems and organisms are largely unknown. As the impacts of MPs 

are relatively less visible in the short term, people pay less attention to the usage and disposal of plastics. 

The lack of awareness of MPs and their negative consequences can be a major drawback in introducing 

effective control measures to minimize their impacts. Thus, the current study investigates the level of 

awareness of MPs among a representative population of the general public and their perceptions of using 

plastics. The convenience sampling method was employed to select the study population representing rural 

and urban residents. A questionnaire was distributed among 166 respondents belonging to the age group of 

20 - 40 years through different means and collected responses for a period of six months in 2021.  A 

majority of the respondents were females (70%) and students (58%). Approximately 67 and 68% of 

respondents were aware of MPs and their harmful impacts, respectively.  Nevertheless, a majority of 

respondents (66%) were not aware of the regulatory measures introduced by the authorities to control the 

usage of plastic items and to dispose of them without harming the environment.  About 66% of respondents 

discard plastic items daily or weekly, suggesting extensive use. A majority (85%) of respondents were not 

aware that burning plastics is a prohibited action. The results also revealed that the awareness of MPs and 

their impacts were significantly related to the gender, level of education, and occupation of the respondents. 

However, their awareness of regulatory measures of plastics did not show any relationship with the 

aforementioned demographic characteristics.  Their positive perceptions in relation to plastics were 

significantly associated with the education level and occupation of the respondents. As an example, 

unemployed respondents were more mindful (98.4%) of the non-biodegradable nature of plastics than that 

of students and employed respondents. In contrast, students were more aware of the impacts of MPs on 

plant growth than that of unemployed and employed respondents. Overall, the respondents were generally 

mindful of MPs and their environmental impacts; thus, they showed a willingness to use eco-friendly 

substitutes to reduce plastic usage in the future.  The study highlights the need for effective measures to 

enhance the awareness of regulatory measures regarding the usage and disposal of plastics among the 

public to curb adverse consequences of MP pollution. 
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Rubella is considered a common cause of congenital disabilities worldwide and still rising in developing 

countries despite widespread vaccination campaigns. This descriptive cross-sectional study was conducted 

among 412 females between 18 - 45 years in the most densely populated district of Colombo in Sri Lanka 

to assess the knowledge and attitudes regarding the rubella vaccine. The data were collected using the pre-

tested online survey with the ERC approval of KIU (KIU/ERC/21/182) and analyzed using SPSS 25 

software. The mean population age was 27 years, and the majority were between 22-25 years (33.7%). 

27.9% of participants knew that Sri Lanka was now a rubella-free country. 84.7% of participants accepted 

the need for rubella vaccination before pregnancy. 70.9% of participants had thought that the rubella 

vaccination was safe, and 25.2% had assumed the vaccine had serious side effects. 71.4% of participants 

stated that the rubella vaccine should be given to society even after eliminating rubella disease from Sri 

Lanka. 46.6% of the population had good knowledge about rubella vaccination, and 31.0% had moderate 

knowledge. 17.9% of the population had a good attitude towards rubella vaccination, and 43.6% had a 

moderate attitude. Significant positive associations were found between knowledge and attitudes regarding 

vaccination (p<0.05) and the willingness to vaccinate their children with the rubella vaccine (p<0.0001) 

using chi-square test in descriptive statistics. Females between 18-45 years in the Colombo District had 

commendable knowledge and moderate attitudes about rubella vaccination, which is essential in 

maintaining rubella eradication in Sri Lanka. However, it is necessary to increase the awareness of rubella 

vaccination in Sri Lanka. 
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Eggplant, Solanum melongena L. is infected by many diseases, including powdery mildew caused by 

Podosphaera spp. (Family: Erysiphaceae), which seriously affects yield. The mycophagous coccinellids 

play an important role as biocontrol agents in controlling powdery mildew disease. The present study 

investigates the efficacy of the coccinellid beetle, Illeis cincta (Fabricius), in controlling powdery mildew 

disease in eggplant. The study was conducted at Meewathura farm, Peradeniya, Sri Lanka from December 

2021 to April 2022. The 100 m2 cultivation area had 76 one-square-meter plots, each with an eggplant. As 

symptoms of powdery mildew disease appeared on leaves, a survey was conducted to determine the 

abundance of associated coccinellid beetles. Randomly selected 16 plots were sampled twice a week for 

five weeks; both sides of all leaves from top to bottom of each plant were observed for symptoms. The 

number of infected and healthy leaves per plant per plot was also recorded. Plant disease incidence was 

determined using a disease index and severity scale. The abundance of I. cincta larvae and adults was 

quantified per plot. Identification revealed Podosphaera sp. as the causal agent of powdery mildew. During 

the flowering stage, I. cincta population density positively correlated to disease severity while disease 

incidence negatively correlated with I. cincta population density. Illeis cincta abundance is significantly 

higher (p < 0.05) in the voracious larval stage than in the adult stage and the larvae had more negative 

impact on the disease. Initially, the total abundance of I. cincta increased with time but started decreasing 

by the second week with decreasing disease severity. The present study revealed that I. cincta abundance 

was positively related to the damage severity of powdery mildew. Increase in I. cincta abundance with 

disease severity may lower further spread of the disease. Overall, I. cincta is a vital biocontrol agent to 

control powdery mildew disease on eggplants. Biodiversity enhancement within agroecosystems by 

conserving natural enemies will be an effective alternative for pesticide usage and managing pests/diseases 

in eco-friendly cropping systems.  

 

Financial assistance from National Research Council (Grant No 20:010) is acknowledged. 
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Antimicrobial agents administered systemically or locally can help to suppress periodontal pathogens. In 

Siddha medicine, Padikkaraneer (PN), Panchathuvarpikasayam (PT) and Mayakaaineer (MN) are used as 

mouthwashes in treating oral diseases. In this study, the herbal mouthwash preparations (HMP) were tested 

for their antimicrobial activity (AMA) against oral ulcer-causing pathogens viz, Candida albicans, 

Escherichia coli, Pseudomonas aeruginosa (Gram-negative) and Staphylococcus aureus (Gram-positive). 

Recommended guidelines in the Siddha texts were used to prepare the mouthwashes. AMA of each HMP 

was checked using the agar well diffusion method. Each experiment was carried out in duplicate and 

repeated thrice. Significant differences among HMP were analyzed using one-way ANOVA. HMPs 

showed significant antimicrobial activity (p<0.001) against tested strains. It was observed that PN was the 

most effective among the three HMPs. The inhibitory effect of the three HMPs and the positive control on 

the standard organisms and clinical isolates demonstrated that PN contains higher antimicrobial activity. 

MN showed a zone of inhibition against E.coli, P.aeruginosa and S.aureus. No activity was reported against 

the fungi. PT was less effective against both Gram-negative and Gram-positive bacteria and fungi. This 

study revealed a potent in vitro activity of HMP on certain oral ulcer- causing pathogens. Results 

scientifically validate the inhibitory capacities of PN and MN in Siddha medicine, and the findings 

contribute towards developing new treatment options based on herbal mouthwashes. 

 

Keywords: Antimicrobial activity, Gram-negative, Gram-positive, Herbal mouthwash preparations, 

Siddha 
 
 
 
 
 
 
 
 
 
 

  







 
Proceedings of the Postgraduate Institute of Science Research Congress, Sri Lanka: 28th-30th October 2022 

124 
 

Abstract No: 105                                                                                             Life Sciences 
 

QUANTITATIVE ESTIMATION OF EXTRACELLULAR ENZYME ACTIVITIES OF 

BACTERIAL STRAINS ISOLATED FROM MANGROVE SEDIMENTS IN  

PUTTALAM LAGOON, SRI LANKA 

 

D.A. Narampanawa, K.E. Weerasinghe and A.P. Halmillawewa* 
 

Department of Microbiology, University of Kelaniya, Kelaniya, Sri Lanka 
*anupama@kln.ac.lk 

 

 

Mangrove ecosystems provide habitats for diverse bacterial populations with extensive abilities to produce 

various secondary metabolites and extracellular enzymes such as amylases, proteases, cellulases, and 

lipases. These secondary metabolites and extracellular enzymes are known to harbour great 

biotechnological potential making them good candidates for various industrial applications. The present 

study was focused on the quantitative estimation of extracellular enzyme production capabilities of eight 

bacterial strains isolated from mangrove habitats located in the Puttalam lagoon, Sri Lanka. In a previous 

study, these bacterial isolates were screened qualitatively for the production of amylase, protease, and 

cellulase enzymes, and isolates positive for each of the selected enzyme production were quantitatively 

analyzed using the spectrophotometric methods. Out of the four amylase-positive bacterial isolates, the 

highest amylase activity was observed with PUTS1_2 (1.397 ± 0.055 U/ ml), whereas the minimum 

amylase activity was given by the PUTS2_10 (0.573 ± 0.032 U/ ml). According to the qualitative screening, 

seven isolates produced protease, while the highest and the lowest protease activities were detected with 

PUTS1_1 (1.743 ± 0.010 U/ ml), and PUTS2_12 (0.093 ± 0.011 U/ ml), respectively. The highest cellulase 

activity was given by the PUTS2_6 (3.229 ± 0.081 U/ ml), whereas PUTS2_5 had the lowest activity (0.792 

± 0.042 U/ml) among the five cellulase-positive isolates. Isolate PUTS2_2 exhibited comparatively higher 

activities for all the three enzymes quantified. Further studies are needed to understand the potential use of 

these extracellular enzymes in various large-scale industrial applications. 
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The biological synthesis of silver nanoparticles (AgNPs) is a novel and alternative approach to antibiotics. 

This study was designed to biosynthesize and characterize AgNPs and evaluate the in-vitro toxicity of 

AgNPs against Salmonella typhi (ATCC14028). Cell-free supernatant of 16s-rRNA sequenced 

Lactobacillus fermentum (L12) was provided as the reducing and stabilizing agent during the synthesis of 

AgNPs when supplied with Ag+. Formation of AgNPs was indicated by the absorption peak at 410 nm in 

the UV-Vis spectrum. Transmission and Scanning Electron Microscopy revealed the size of AgNPs in the 

range of 5-20 nm. Further, AgNPs exhibited a peak at 3.0 keV in Energy Dispersive X-ray analysis. In-

vitro antibacterial activity was evaluated by the agar well-diffusion method (in triplicates) using Muller-

Hinton Agar, and the average diameter of inhibition of 15.3 mm was obtained. The characterization of 

nanoparticles revealed the synthesis of stable AgNPs. The application of these AgNPs as an effective in-

vitro antibacterial agent against ATCC14028 was verified. 
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Among water quality parameters, hardness and fluoride play a vital role in hatchability, larval growth and 

survival of fish eggs. Fluoride is mainly derived from the solvent action of water on rocks. Water hardness 

measures the calcium (Ca2+) and magnesium (Mg2+) in water. Excessive water hardness levels and fluoride 

can be toxic and cause oxidative stress in fish. The present study evaluated the synergistic effect of water 

hardness and fluoride on zebrafish embryonic development. Zebrafish (Danio rerio) is an ideal model for 

studying toxicological and environmental effects on early embryonic development due to its small size, 

short life cycle, ex-utero development and transparency of the embryo. Following the Sri Lanka standards 

for potable water, maximum permissible levels of hardness (600 mg/l) and fluoride (1.5 mg/l) were used 

for the experiment, and the control was filter-sterilized distilled water. Solutions were added into 30 

embryos at 2 h post-fertilization (hpf) and retained up to 96 hpf. The experiment was repeated three times 

using three different batches simultaneously. Variations in hatching rate, hatching time and mortality rate 

were observed and recorded for the experimental solutions compared to the control. Embryos exposed to 

the hardness of 600 mg/l, fluoride of 1.5 mg/l and synergistic solution (hardness + fluoride) have recorded 

a 0% mortality rate and 100% hatching rate. Embryonic hatching time in the three solutions was 60±1.15, 

57±3.05 and 78 ±1.15 hpf, respectively, while in the control solution, it was 54±1.15 hpf. No morphological 

abnormalities were observed other than the hatching delay compared to the control. Thus, the results of the 

study suggest that hardness and fluoride have a synergistic effect on the hatching time of zebrafish embryos 

and no critical effects from single exposure under laboratory conditions. 
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Raman spectroscopy has been increasingly applied in disease diagnosis and appears to be a promising tool. 

Tuberculosis (TB) continues to be a chaotic infectious disease that needs urgent medical attention upon 

diagnosis. According to our knowledge, no studies to date have investigated the diagnostic use of Raman 

spectroscopic analysis of serum-derived extracellular vesicles (EVs) concerning tuberculosis. In this study, 

a total of 46 serum-derived EV samples (Active tuberculosis (ATB, n=14), latent tuberculosis (LTB, n=15), 

household contacts (CT, n=10), and healthy controls (HC, n=7)) were isolated from patients attending the 

chest clinic in Kandy. These samples were biochemically investigated using Raman spectroscopy with a 

laser wavelength of 785 nm. Raman spectra were collected from 100 to 3,200 cm-1 wavelengths for all 

patient samples. Spectra were normalized using the WiRE 3.4 software. The mean spectra, peak analysis, 

and principal component analysis (PCA) were performed using Origin Pro V10.5.88. The results show 

intensity variations in five main Raman peak positions from 756-1425, 1440-1740, 1750-2400, 2400-2800, 

and 2900-3100 cm-1, and may play a major role in TB detection. In addition, higher Raman intensities in 

these regions are mainly assigned to lipids (Region 2, 3, and 4), proteins (Amide bands 1 and 2), and 

carbohydrates (Region 2, 3, 4, and 5). The highest Raman peak was observed around 2127-2135 cm-1. The 

mean peak intensities (Arbitrary unit: a.u.) of the highest Raman peak showed a gradual decrease from 

ATB to HC (Mean Raman peak intensities for ATB: 3909.71, LTB: 3294.75, CT: 2733.27 and HC: 1963.14 

a.u.). The PCA results from this study confirmed that the first three principle components (PC1, PC2, and 

PC3) contribute more than 99.5% to the variance of the four clinical groups. According to the score plot, 

all four clinical groups showed a clear differentiation among groups. Furthermore, each clinical cohort 

showed characteristic Raman peaks that need further analysis and validation to investigate the contribution 

towards biochemical pathways involved in TB pathogenesis. Overall, our preliminary results demonstrate 

that Raman spectroscopy could be used to differentiate between serum-derived EVs from ATB, LTB, CT, 

and healthy individuals.       
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The Sri Lankan jackal (Canis aureus nariya) is the only wild canid species and the third largest carnivore 

on the island. However, no dietary analysis has been reported from Sri Lanka. The main aim of this study 

is to fill this research gap. A total of 32 likely jackal faecal samples were collected across the country. Two 

road-killed carcasses were dissected, and the stomach, foregut, hindgut and rectum were separately 

extracted. Microscopic hair analysis was conducted to identify mammalian prey species in the diet. The 

gut compartments and faecal matter were examined under a dissecting microscope at the laboratory. The 

frequency of occurrence and percentage of biomass consumed from different food items were calculated 

for dissected guts and known faecal (n=8) samples. Four food types were identified in the jackal diet: small 

mammals (e.g. Rodents such as Rattus sp.), plant materials (e.g. jackfruit, banana peels and cooked rice), 

birds (e.g. Munias such as Lonchura sp.), and invertebrates (e.g. beetles and insect larvae/maggots). The 

main food type in terms of percentage biomass consumed was small mammals (64.1%) followed by plant 

material (32.9%), birds (2.4%), and invertebrates (0.6%). In terms of percentage frequency of occurrence, 

the most important food item in the diet was plant material (60.0%), followed by small mammals (26.7%), 

birds (6.7%), and invertebrates (6.7%). The majority of the plant material in the food consisted of plant-

derived human food. A dichotomous key was constructed to identify jackal faecal samples from that of 

other sympatric carnivores of Sri Lanka. Despite the small sample size, our results suggest that the Sri 

Lankan jackal is an omnivorous opportunistic forager that relies on a diverse diet consisting of 

invertebrates, birds, small mammals, fruits and other edible plant-based foods. Our results further indicate 

that they frequent human habitations in search of food. The knowledge generated through this study on 

feeding preferences and diet will help future conservation planning of Sri Lankan jackals. 

 
Financial assistance from the Department of Zoology and Environment Sciences, Faculty of Science, University of 

Colombo, is acknowledged. 
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Weeds are a growing problem in agriculture, and synthetic weedicides negatively impact environmental 

health. Endophytic fungi are studied as an alternative source of bioactive metabolites. Centella asiatica 

(Gotukola) of Family Apiaceae is an important medicinal herb known to produce many bioactive 

compounds. This study was conducted to isolate and investigate the phytotoxicity of secondary metabolites 

of an endophytic fungus associated with C. asiatica. Endophytic fungi were isolated from triple sterilized 

leaves of C. asiatica, collected from the Central Province of Sri Lanka. The pure fungus was cultured on a 

large scale in Potato Dextrose Broth for five weeks with shaking at room temperature. The broth was then 

filtered and extracted in Ethyl acetate (EtOAc). Mycelium was extracted in EtOAc and Methanol. 

Chromatographic separation of combined EtOAc extract of broth and mycelium furnished four compounds 

austdiol (KCCA-3), 4-(hydroxymethyl)-3-methoxy-5-methylcyclopent-2-enone (KCCA-4), eugentine 

(KCCA-6), 6-methoxy methyl eugenol (KCCA-8) and their structures were elucidated by detail analysis 

of Nuclear Magnetic Resonance (NMR). The endophytic fungus was tentatively identified as Muyocopron 

laterale by amplification of ITS regions of rDNA gene.  Further, confirmation of the identity of endophytes 

by other gene regions is in progress. Pure compounds were screened for phytotoxicity by lettuce (Lactuca 

sativa) seed germination inhibition assay and leaf puncture assay using two-week-old cucumber (Cucumis 

sativus) leaves. Compound KCAA-3 showed root and shoot inhibition at IC50 5.38 mg l-1 and IC50 805.19 

mg l-1, respectively.  KCCA-4 and KCCA-8 were found to be with low activity. In leaf puncture assay, 

KCCA-3 and KCAA-4 resulted in necrotic symptoms after 48 h of treatment and increased by 72 h in 1,000 

mg l-1 to 31.25 mg l-1 concentrations, where necrosis was higher in KCCA-3 in all concentrations than 

KCCA-4. Results suggest that this endophyte is a source of phytotoxic compounds which could further be 

tested on weeds to identify their potential for developing eco-friendly weedicides.  
 

Financial assistance from the National Research Council (Grant No: NRC-EWC 18-03) is acknowledged. 
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Zinc oxide nanoparticles (ZnO NPs) have been used as a promising micronutrient fertilizer for various 

crops. However, elevated levels of Zn in the soil might lead to hyperaccumulation in plant tissues causing 

phytotoxicity. In this study, the effect of ZnO NPs on Raphanus sativus L. was evaluated based on plant 

growth and variations in selected plant metabolites. ZnO NPs were synthesized by the wet chemical 

method, and the successful synthesis of NPs was confirmed using Powder X-Ray Diffraction (PXRD), 

Fourier Transform Infrared Spectroscopy (FTIR), and Scanning Electron Microscopy (SEM). SEM images 

showed that ZnO NPs have a spherical-shaped morphology with an average particle diameter of 70 nm. R. 

sativus did not show any significant toxic effect up to 100 mg/l at the seed germination stage, but at higher 

concentrations (300 - 1,000 mg/l), root and shoot lengths were significantly reduced. However, the 

percentage of seed germination was not affected even at 1,000 mg/l. Seedlings grown in acid-washed sand 

showed that ZnO NPs increased shoot, root lengths and shoot dry mass by 21.5, 50.9, and 52.9%, 

respectively, even at the highest concentration tested (10,000 mg/l). A dose of 1,000 mg/l ZnO NPs 

increased the soluble protein content, carbohydrates, chlorophyll a, chlorophyll b, total chlorophylls, 

carotenoids, and antioxidants by 24.7, 58.5, 38.0, 42.2, 39.9, 11.2 and 7.7%, respectively without affecting 

the indole acetic acid content. The Zn internalization was confirmed by Atomic Absorption Spectroscopy 

(AAS), indicating that R. sativus can hyper-accumulate Zn at high concentrations (0.36 mg g-1 and 1.76 mg 

g-1 at 0 and 10,000 mg/l, respectively), showing insights on health issues regarding Zn toxicity in 

consumers. Accordingly, treatments below 1,000 mg/l seem to show nontoxic effects on R. sativus. 
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Plastics are widely reused for household purposes. However, improper handling and lack of awareness lead 

to microbial contamination of reusable plastics. Therefore, this study aimed to evaluate the knowledge, 

practices and attitudes towards reusing disposable household plastic containers for food and beverages 

among a group of undergraduates. A descriptive, cross-sectional study was carried out with 354 

undergraduates. A self-administered pretested questionnaire was used to gather data in five sections: socio-

demographic data, practices on reusing household plastic containers, perceived hygiene scale on practices, 

knowledge and attitude. A score of 1 was given for each correct response. A score of more than 75% was 

considered good, 50-74% moderate and less than 50% poor for each category. Among 231 respondents, 

the majority had reused plastic containers such as water bottles, ice cream tubs and lunch boxes. In terms 

of overall knowledge, it was revealed that 43% of undergraduates had poor knowledge regarding the reuse 

of household plastic containers for storing food and beverages. On the other hand, only 26% of the 

participants had poor attitudes about reusing household plastic container usage with food and beverages. 

Female respondents had relatively higher attitudes compared to males. Moreover, 35% of participants were 

found to have poor practices in reusing plastic containers for food and beverages. The research findings 

revealed a poor level of knowledge among participants, attitudes and practices regarding disposable plastic 

containers used for food and beverages, which can lead to food or water-borne illnesses. Thus, the study 

highlights the need for further educational programs on reusing disposable plastics. 
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Polycyclic aromatic hydrocarbons (PAHs) are hazardous pollutants, and among them, researchers have 

been focusing on anthracene due to its high persistence. PAHs released into the environment could be 

removed by several approaches. Microbial activity is one of the critical remediators of PAH degradation. 

Few studies have reported the growth kinetics of bacteria on PAHs. Understanding of growth kinetics of 

bacteria at different concentrations can help determine their applicability in bioremediation. This study 

aimed to understand the anthracene biodegradation kinetics of Bacillus velezensis in the presence of 

different concentrations of anthracene. Bacillus velezensis (Accession number MN190156) was isolated 

from the phyllosphere of urban areas in Colombo, Sri Lanka. The isolate was acclimatized in an anthracene-

rich medium using anthracene-enriched Bacto Bushnell-Hass. Degradation percentages were analyzed 

using High-Performance Liquid Chromatography. The best degradation percentage was obtained in the 100 

mg/l concentration. Cell growth rates and dry weight of cells under different anthracene concentrations 

were measured for the kinetic assay. The isolate produced by-product 9, 10-Anthracenedione during the 

degradation and was detected using Gas Chromatography-Mass Spectrometry. This intermediate was tested 

for phytotoxicity and was revealed to be not harmful to the phyllosphere. The batch tests were conducted 

to examine the interaction of anthracene for single components by a pure culture of B. velezensis under 

aerobic conditions. Anthracene degradation was fast with the bacterium, resulting in high biomass growth. 

The optimum anthracene concentration was 100 mg/l, while higher concentrations inhibit bacterial growth 

as well as being toxic to the phyllosphere.  Michaelis-Menten mathematical equation gives a better fit with 

experimental kinetic data of anthracene. The results confirmed that the high correlation determination 

values in anthracene degradation convinced their degradation kinetics to fit the first-order kinetic model 

well. This model provided a suitable prediction of the B. velezensis growth kinetic constants and 

interactions between PAHs substrates. 
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The spreading of disease-causing microorganisms among animals has threatened livestock farming. 

Pathogenic microbes in the surrounding environment can be transmitted to animals directly or indirectly. 

Cattle faeces are of diverse bacterial populations with potential pathogens; thus, identifying them is crucial 

for disease prevention and food safety. The objective of the present study was to isolate and identify the 

predominant bacteria in dairy faecal matter. Freshly voided faecal samples were collected from ten cattle 

at a medium-scale dairy farm with different breeds in the Central Province of Sri Lanka. One gram of each 

sample was used to prepare dilution series in Phosphate Buffered Saline. Three dilutions (10 -1, 10-2, 10-3) 

from each sample were spread plated on Nutrient and Blood agar. Based on morphological characteristics, 

35 different colonies were selected and identified by standard microbiological methods, including Gram 

staining and biochemical analysis. In the current investigation, the predominant bacterial type detected was 

Bacillus spp. (n=2, 62.9%). In addition, the following bacterial species were also recorded less frequently: 

Staphylococcus aureus (n=4, 11.4%), Pseudomonas aeruginosa (n=3, 8.6%) and Enterobacteriaceae spp. 

(n=3, 8.6%), Escherichia coli (n=2, 5.7%) while Streptococcus spp. (n=1, 2.9%) Among the Bacillus spp., 

the majority (n=15, 68.5%) was found to be Bacillus subtillis. Notably, from all seven crossbred born 

animals with combined characters of Fresian, Jersey, Sahiwal, and AFS and 100% Holstein Fresian and 

Khilari breed animals, Bacillus spp., which is known to have probiotic effects was recovered. Further 

studies on bacterial characterization are necessary for advanced management strategies.  
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Aedes vector data utilized for vector control interventions are often correlated with reported dengue cases. 

This study analysed data on vector immature stages (VIS) with reported cases in the Gothatuwa Medical 

Officer of Health (MOH) area, Colombo, from January to August 2022 to assess their correlation to develop 

a timeline for efficient vector control strategies.  VIS data were collected by larval vector surveillance 

conducted monthly, selecting 100 households systematically and placing 100 ovitraps representing indoors 

and outdoors equally in each sampling period. The disease surveillance system obtained monthly reported 

dengue cases for the MOH area. Monthly correlations between dengue cases and vector data (Number of 

positive premises for larvae-PP, number of positive containers for larvae-PC, number of ovitraps positive 

for eggs-OP and number of viable eggs-VE of Aedes vector) were analyzed using Pearson correlation 

coefficients. The same analysis was done considering one-month and two-month lag periods for cases. The 

Aedes egg strips collected from the ovitrap surveillances were reared in laboratory conditions to assess 

viability. Reported cases showed the best positive correlations with PP (r = 0.57, p = 0.24), PC (r = 0.63, p 

= 0.08) and VE (r = 0.56, p = 0.25) when the one-month lag period was considered. Correlations of the 

dengue cases with VE (r = 0.72, p = 0.72) and OP (r = 0.39, p = 0.44) were increased when the lag period 

was extended to two months. If the data were contemporary, reported cases showed moderate positive 

correlation only with PP (r = 0.55, p = 0.25) and PC (r = 0.52, p = 0.27). However, a statistical significance 

was not observed (p>0.05) for either of the correlations. Higher vector larval prevalence could best describe 

potential dengue outbreaks occurring after four weeks, while the availability of viable eggs could describe 

the same occurrence after four to eight weeks. Prevalence data on each VIS can be used as proactive 

indicators in predicting outbreaks of a particular area accordingly and planning the optimum time to execute 

vector control programs to strengthen the preventive aspect of dengue control. Reporting cases may depend 

on factors other than vector prevalence, although the cases showed some correlations with most VIS data. 
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While water quality affects health, in Sri Lanka, unlike in developed countries, recreational water quality 

is hardly assessed. Faecal contamination of recreational water poses health risks as faeces are sources of 

pathogens. The current study aimed to investigate Escherichia coli in recreational water by enumeration to 

assess antibiotic sensitivity and conduct a sociological survey. Water samples were collected from six 

bathing locations along the river Mahaweli during rainy and dry periods from 2020 - 2022. Samples were 

subjected to membrane filtration and typical blue colonies on m-FC agar were enumerated. Antibiotic 

sensitivity test was performed on E. coli isolates using Amikacin (30 µg), Amoxicillin-clavulanate (20/10 

µg), Cefotaxime (30 µg), Ciprofloxacin (5 µg), Imipenem (10 µg), Meropenem (10 µg), and Ticarcillin-

clavulanate (75/10 µg). A sociological survey was conducted at the bathing locations to infer possible 

sources of contamination. The E. coli counts in 95.0% of water samples exceeded the permissible limit of 

235 CFU/100 ml (USEPA). In all locations except one, counts were significantly different between the 

rainy and dry periods (p<0.05). Counts were higher during the rainy period in four sites and lowered in two 

sites, compared to dry period. The E. coli isolates were resistant to Ciprofloxacin (56.5%), Cefotaxime 

(4.8%), Amoxicillin-clavulanate (4.2%), Amikacin (3.0%), and Ticarcillin-clavulanate (0.6%). None was 

resistant to Imipenem or Meropenem. In one site, the percentage of isolates that was resistant to at least 

one antibiotic was significantly higher (p<0.05) during the rainy period (92.9%) compared to the dry period 

(64.3%). According to the survey, the reasons for water contamination at these locations were inadequate 

sewage facilities, industrial effluents and urban runoff, augmented by water stagnation. The elevated E. 

coli counts and the presence of antibiotic-resistant E. coli render the water unsuitable for recreational 

purposes, emphasizing the need for proper monitoring and necessary action by relevant authorities.   
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Elaeocarpaceae, a family with 12 genera, is represented in Sri Lanka by a single genus Elaeocarpus. The 

island harbours nine species, eight endemics, and five are listed under various threat categories in the 

National Red List 2020. However, extensive fieldwork on this genus has not been carried out after the 

revision of the genus in 1995. Hence, the study aimed to re-evaluate the conservation status of the genus 

Elaeocarpus employing recent field-collected data from 2019-2022. Forty-five sites were visited, and the 

GPS locations were recorded. The sites comprised Forest Reserves, Sanctuaries, Strict Nature Reserves 

and Wildlife Parks, which were selected by referring to literature, including any other possible locations of 

occurrence. The potential distribution maps were developed by plotting the GPS locations on a map using 

ArcGIS 10.4 and were used in calculating the Extent of Occurrence and Area of Occupancy. The species 

evaluations were based on either criterion B or C of the IUCN guidelines 2019. According to the results, 

the conservation status of six species; E. ceylanicus as Critically Endangered (CR); E. coriaceus and E. 

hedyosmus as Endangered (EN); E. glandulifer and E. subvillosus as Nearly Threatened (NT) and E. 

serratus as Least Concern (LC) remained unchanged as given in National Red list 2020. However, with 

the updated information on the distribution and threats, three endemic species were upgraded; E. amoenus 

from NT to CR, E. montanus from Vulnerable (VU) to EN and E. taprobanicus from EN to CR. The 

uplifted threat status would facilitate these taxa to gain priority in conservation plans as the Red List, and 

its assigned threat status provide baseline information on the healthiness of a country's biodiversity and 

convey the urgency of conservation issues to the public and policymakers. Furthermore, the study 

highlights the importance of recent field-based information in determining the threat categories, which is 

pivotal for all other conservation acts. 

 
Financial assistance from the National Science Foundation, Sri Lanka (Research Grant: RG/2018/EB/01)) is 

gratefully acknowledged. 
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The presence of nematodes in the urinary tract of companion animals, mainly cats and dogs, is considered 

a rare occurrence. Here, we report a case of urinary bladder capillaries in a cat from Sri Lanka. A three-

year-old domestic male cat from the Kalutara District was brought to a private veterinary hospital due to a 

clinical complaint reporting frequent urination, vomiting, and loss of appetite for one month. The cat's 

physical examination reported severe emaciation, gasping, abdominal breathing, and retarded growth. 

Successive to urinary sedimentation, Capillaria-type eggs were detected in microscopic analysis. Blood 

urea nitrogen level (505 mg/dl) and serum creatinine level (7.6 mg/dl) were higher than the normal ranges. 

Necropsy revealed that the left kidney was enlarged with gross lesions of the oedematous renal 

parenchyma. Although no adult worms were recovered from the kidneys or bladder, the histopathological 

examination revealed multifocal areas of tubular degeneration and necrosis with multifocal fibroblast 

proliferation in the renal cortex, and the lungs showed diffuse pulmonary oedema and chronic interstitial 

pneumonia. Subsequent DNA extraction, PCR and DNA sequencing from Capillaria-type eggs in 

sedimented urine, an amplicon for Capillaria of the 563 bp 18S rRNA (specifically to identify 

cardiopulmonary and urinary nematodes) was produced. The sequences were subjected to phylogenetic 

analysis along with reference sequences in the GenBank. The phylogenetic analysis revealed a 100% 

identity to Pearsonema collected from the urinary bladder of a raccoon from Japan. Cases of Capillaria in 

cats are rarely reported because most infected animals do not show clinical signs. Even though eggs of 

Capillaria were reported in Sri Lanka in the mid-1950s in cat faeces, this is the first case study to investigate 

this species and its infection in the veterinary medical aspects and identify the species using molecular 

tools.  

 
Financial assistance from the University of Peradeniya Research Grants (Grant No. URG/2018/39/S) is 

acknowledged. 

 

Keywords: Feline, Nematode, Pearsonema, Sri Lanka, Urinary bladder worm 

 
 

 

 

 

 

 

 

 

 

 



 
Proceedings of the Postgraduate Institute of Science Research Congress, Sri Lanka: 28th-30th October 2022 

152 
 

Abstract No: 200               Life Sciences 
 

INVASION SUCCESS OF CABOMBA FURCATA IN THE WET ZONE OF SRI LANKA 

THROUGH VEGETATIVE REPRODUCTION STRATEGIES 

 

H.M.R.U. Herath1, K. Yakandawala1*, D. Yakandawala2, A.S.A. Salgadoe1 and G.K.I.S. Madola1  
 

1Department of Horticulture and Landscape Gardening, Faculty of Agriculture and Plantation Management, 

Wayamba University of Sri Lanka, Sri Lanka 
2Department of Botany, University of Peradeniya, Peradeniya, Sri Lanka 

*kapilay@wyb.ac.lk  

 

 

Cabomba furcata Schult. & Schult. f., is a submerged aquatic plant with an ornamental value. It occurs 

naturally in the Kalutara District and is identified as a potentially invasive plant. Recent studies have 

recorded the plant in parts of the Colombo and Galle districts, indicating its ability to extend territory. The 

knowledge of the mode of propagation of invasive plants is important in managing their further invasions. 

Therefore, the study aimed to evaluate vegetative propagation in the spread and establishment of C. furcata. 

Nodal stem parts at different maturity stages (terminal, middle and basal) were laid out in a Completely 

Randomized Design (n=144) and investigated their ability to propagate. The terminal parts recorded the 

best growth and survival. Hence, terminal fragments with single to six nodes were used to investigate the 

ability to propagate. Data were subjected to ANOVA and Tukey Multiple Comparison analysis using R 

software. The highest survival rate was recorded in terminal fragments (98%), followed by the middle 

fragments (85%). The mean number of roots produced by the terminal fragments was significantly high 

(p>0.05) compared to other maturity stages. Hence, the terminal fragments could be considered as having 

the highest capability of contributing to invasion.  In the second experiment, all the fragmented terminal 

stem parts increased their length and produced new shoots and roots, while the fragments with four nodes 

had the highest survival and growth parameters. Hence, four nodal terminal fragments performed better 

than other nodal fragments. The capability of fragments to regenerate into new plants could be a reason for 

the invasion success of C. furcata. In addition, as even a single nodal fragment is capable of regenerating, 

thus any attempts at mechanical control/removal should be carried out with utmost care to minimize 

fragmentation.  
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Geohelminths are intestinal parasitic worms that infect humans and animals and are transmitted through 

contaminated soil. The prevalence of geohelminths is higher in tropical and sub-tropical regions due to 

favourable soil temperature and soil moisture conditions. Zoonotic geohelminths in domesticated animals 

like dogs and cats can cross the species barrier to infect humans by ingesting eggs or penetrating infective 

larvae. The objective of the present study was to investigate geohelminths in dog faeces contaminating the 

soil in Digana and Pussellawa areas in the Kandy District, with particular reference to Ancylostoma spp., 

taking soil temperature variations into account. Faecal samples collected from free-roaming dogs in Digana 

(n=22) and Pussellawa (n=22) town areas were analysed using the modified salt flotation technique 

followed by microscopy and molecular analysis. Soil temperature data from the sampling sites were also 

collected simultaneously during sample collection using a soil thermometer. Of all dogs sampled, 93.2% 

were positive for geohelminths. Eggs of Ancylostoma spp., Strongyloides spp., and Toxocara canis were 

identified from both locations. Toxascaris spp. and Trichuris spp. were only observed in Digana, whereas 

Capillaria spp. and Uncinaria spp. were observed only in Pussellawa. Prevalence and faecal egg counts 

(FECs) of geohelminths were considerably higher in Digana (28-31 °C) compared to that in Pussellawa 

(18-21 °C). Strongyloides spp. had a significantly high prevalence (40.9%, p=0.004) and FEC (8.015±20.2, 

p=0.006) in Digana compared to Pussellawa (prevalence=4.5%; EPG=0.455±2.1). Ancylostoma spp. 

reported the highest overall prevalence of 93.2% and the highest overall FECs (115.6±145.4). Amplicons 

(ITS1-5.8S-ITS2) of the expected size for A. caninum (427 bp), A. tubaeforme (170 bp) and A. ceylanicum 

(268 bp) were produced from five, seven and one of the samples analysed, respectively. This signifies the 

first molecular identification of A. ceylanicum and A. tubaeforme in dogs in Sri Lanka, although both 

species were detected in humans earlier. These findings suggest that free-roaming dogs in Digana and 

Pussellawa can be a source of zoonotic helminthiasis in urban communities. The low soil temperatures in 

Pussellawa may affect the development of infective larvae in the soil, thereby reducing the prevalence of 

zoonotic helminthiasis among free-roaming dogs. 
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Drug resistance in bacteria has become a major concern in pharmaceutical research. Natural products have 

high structural diversity and potent antibacterial activity (AA). Hence, they can be a good source for 

antibacterial drug development. This study aimed to investigate the AA of Coffea arabica (Coffee- CF) 

leaves, Murraya koenigii leaves (Curry leaves- CL), Tabernaemontana dichotoma (Poison nut- PN) leaves 

and Curcuma longa (Turmeric-TR) rhizomes and their combinations. The crude extracts were prepared 

using dried, powdered plant parts where the leaves were extracted into water-acetone (v/v 1:1), and TR 

rhizomes were extracted into methanol-acetone (v/v 1:1) using a bottle shaker. The individual extracts and 

the nine combinations of three plant extracts with TR extract in 1:3, 1:1 and 3:1 ratios were assessed for 

AA by broth microdilution assay against five Staphylococcus aureus bacterial strains as they are involved 

in wound infections. Among the four individual extracts, TR showed the lowest Minimum Inhibitory 

Concentration (MIC) of 98 mg/l, for all five bacterial strains and the lowest Minimum Bactericidal 

Concentration (MBC) values ranging from 195 - 390 mg/l resulting in the highest AA. CL, CF and PN 

showed MICs ranging from 780 - 1,560 mg/l, 1560 - 3,125 mg/l and 780 - 6,250 mg/l, respectively and 

MBCs ranging from 1,560 - 6,250 mg/l, 6,250 - 12,500 mg/l and 1,560 - 12,500 mg/l, respectively. From 

the nine combinations, CL/TR with 3:1 ratio showed the highest AA (MIC- 48 mg/l, MBC- 98 mg/l). 

However, in CF/TR and PN/TR, 1:3 ratio showed the majority of low MIC and MBC values against the 

five bacterial strains. An enhanced AA for the three leaf extracts was observed when combined with TR 

extract. Amongst the four individual extracts and the nine combinations, CL/TR 3:1 combination exhibited 

the highest antibacterial properties. Though TR shows the highest AA among individual extracts, it 

increased the overall AA when present in the mixture of CL/TR in 3:1 ratio. The results revealed that using 

these plant extracts in combination with TR enhances the AA more than using them as individual plant 

extracts. 
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Yoghurt is a popular dairy product produced by the lactic acid fermentation of milk. It is consumed 

worldwide for its nutritional and health benefits. The quality factors of yoghurt are essential to ensure that 

a safe and healthy product is supplied to the consumers. The lack of investigations into the quality 

parameters of yoghurt has a potential impact on the health and well-being of its consumer. Hence, this 

study aimed to investigate the quality characteristics of some high-demand plain-set yoghurts sold in 

Colombo, Sri Lanka, during refrigerated storage. Four different yoghurt brands were selected based on a 

preliminary survey. They were examined for their physicochemical (titratable acidity, pH, milk solids non-

fat, moisture, syneresis, fat, and protein) and microbiological attributes (total aerobic count, lactic acid 

bacterial count, yeast and mould count, and detection of coliform bacteria). SLS-approved tests were 

followed for analysis on days 4, 7, 14, 21, and 28 of their refrigerated storage. The findings were compared 

against the control, meeting the SLS standard. Microbiological analysis, which was performed in a timely 

interval during cold storage, showed the parameters viz., total aerobic count and lactic acid bacterial count 

were within acceptable limits for all yoghurts. However, the yeast and mould count of the test samples was 

high. Coliforms were undetected in all brands, which is a positive remark concerning the hygienic level of 

these yoghurt brands. A decrease in moisture content was observed during storage. The results showed a 

drop in pH and a rise in titratable acidity in yoghurt with no significant difference (p<0.05). All yoghurts 

examined for titratable acidity and syneresis resulted in higher values than the control. The syneresis effect 

of yoghurts showed a non-significant increase during storage (p<0.05). Protein (0.75367±0.00702 - 

0.78233±0.01604) and fat content (2.320±0.013 - 3.132±0.281) differed from the values printed on 

yoghurt. These variations can lead to or cause off-flavours and unacceptable microbiological changes in 

yoghurts during storage. Therefore, this study emphasized the necessity of manufacturing quality yoghurts 

with defined physicochemical and microbiological properties highlighting the importance of quality control 

during storage to ensure the consumer is supplied with a safe product. 
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The waste tire pyrolysis process has attracted considerable interest as a sustainable solution to manage the 

accumulation of waste tires worldwide. The process produces three main fractions: gas, liquid and solid. 

The gaseous and liquid fractions are useful in industry as fuels; however, the solid fraction rich in carbon 

black has no use in Sri Lanka due to the presence of many impurities. The present study describes an 

efficient and economical route to purify contaminated pyrolytic char to manufacture value-added products. 

The pyrolytic carbon char was first passed through a 200 µm mesh to separate small particles, followed by 

size reduction by ball milling. These particles were demineralized stepwise using dilute HCl acid and 

NaOH at 60 °C for 1.0 h. Treated and untreated samples were characterized by carbon, hydrogen and 

nitrogen analysis, X-Ray Diffraction analysis and iodine adsorption experiments. The purified carbon black 

samples were used as reinforcing fillers for preparing rubber compounds according to the American 

Chemical Society 1 (ACS 1) formula. The physicomechanical properties of rubber compounds of purified 

carbon black prepared were consistent with compounds prepared with commercial carbon black, N660 and 

N330. CHN analysis shows that crude pyrolytic char (C-PT) contains 69% carbon, which can be improved 

up to 90% after washing with 2 M HCl twice and 2 M NaOH once. The iodine number of the sample was 

improved after demineralization (C-PT 180 mg/g and demineralized sample have 215 mg/g and 188 mg/g, 

240 mg/g N660 and N330). There is no significant difference between the abrasion, tensile, tear, and 

compression properties of controls and ball-milled-treated samples. The average of all compound hardness 

is similar to the controls.  The efficiency and value of the purification protocol in the current study were 

confirmed by test results and showed high potential application in the industry. 
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Bisphenol-A has become a universal environmental contaminant due to its heavy usage in the plastic 

manufacturing industry. It is a xenoestrogen which perturbs hormone signalling pathways affecting the 

growth and development of organisms. Bisphenol-S was introduced as a safe alternative to bisphenol-A. 

However, the relative safety of bisphenol-S has become questionable due to its endocrine disruption ability 

and environmental occurrence. Therefore, to comparatively assess the biological impact of bisphenol-A 

and bisphenol-S on freshwater organisms, zebrafish, a popular aquarium fish (Danio rerio) at the age of 

67dpf (days post fertilization), were exposed to environmental concentrations (0.01 and 0.1 mg/l) of either 

bisphenol-S, bisphenol-A or treatment control (1%-v/v ethanol) in triplicate. After 35 days of exposure, the 

gender of adult zebrafish was identified by observing external morphology such as body shape and 

protruding belly. Female-biased sex ratios were observed in both concentrations of bisphenol-S and 

bisphenol-A treatments than in the control (p<0.05). However, the sex ratios between comparable 

concentrations of bisphenol-S and bisphenol-A were not significantly different (p>0.05). The maximum 

swimming speed of five random fish from each tank was measured using a swimming chamber. Swimming 

speed was significantly lower in fish exposed to bisphenol-S and bisphenol-A compared to the control 

(p<0.05). The maximum swimming speed of fish in comparable concentrations of bisphenol-S and 

bisphenol-A was not significantly different (p>0.05). Accordingly, the effects of bisphenol-S exposure on 

sex differentiation and the swimming speed of juvenile zebrafish were similar to that of bisphenol-A 

exposure in comparable concentrations. Therefore, based on the findings, bisphenol-S could not be 

recommended as a safe alternative to bisphenol-A. However, more comparative studies are recommended 

to comprehensively evaluate the relative safety of bisphenol-S on freshwater ecosystem health. 
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Paludomus is the most common genus represented among freshwater gastropods in Sri Lanka. Of the 12 

recorded Paludomus species, 10 are endemic to the country. Shell morphology is the major taxonomic 

feature that has been used for their identification. However, the identification of Paludomus species using 

shell features is ambiguous due to shell plasticity and homoplasy. One characteristic that can be reliably 

used in the systematic identification of gastropods is the radula, unique molluscs feeding structure. Five 

species of Paludomus were identified (Paludomus chilinoides, P. bicinctus, P. decussatus, P. neritoides, 

P. sulcatus) using shell morphology from 47 sampling sites spanning the Kandy, Matale and Nuwara Eliya 

districts. Different shell morphometries, i.e. Shell Height (SH), Shell Width (SW), Aperture Height (AH) 

and Aperture Width (AW), were measured using a digital Vernier calliper, and shell indices were 

calculated. A Principal Component Analysis (PCA) was conducted to check whether the 

species/morphotypes can be distinguished using shell morphometry. Furthermore, the median, lateral and 

marginal teeth of the dissected radulae were examined using Scanning Electron Microscopy for species 

characterization. According to the PCA, several of the Paludomus species clustered together (P. chilinoides 

and P. sulcatus together and P. bicinctus and P. decussatus), indicating that shell morphometry is not a 

reliable characteristic for species separation and identification. However, especially the pattern and shape 

of the cusps of the median teeth in the radulae varied and was unique to each of the species. Hence, the 

radulae teeth pattern can be used as a reliable character for identifying closely related Paludomus species.   

 
Financial assistance from the Ministry of Mahaweli Development and Environment is acknowledged. 
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Sunscreen formulations are widely used to prevent and minimize harmful UV-induced photodamage. 

Nowadays, sunscreen development using natural ingredients revolutionises the cosmetic industry as they 

are healthier and safer than synthetic chemicals. Therefore, this study was focused on the evaluation of the 

cosmeceutical potential of leaf extracts of Psidium guajava L. (collected from Padukka, Sri Lanka) by 

determining their photoprotective properties and antimicrobial activities. Chemical constituents of guava 

leaves were cold extracted to ethanol, ethyl acetate and distilled water separately. The in-vitro sun 

protection factor (SPF) of each extract was determined using a spectrophotometric method and the Mansur 

equation. As many natural antioxidants and antimicrobial agents are phenolic, and flavonoid compounds, 

the total phenolic content (TPC) and total flavonoid content (TFC) of each extract were determined by 

Folin-Ciocalteau method and AlCl3 colorimetric method, respectively. Antimicrobial activity was 

determined by Agar well diffusion method against the bacterial strains of Staphylococcus aureus (ATCC 

25923), Pseudomonas aeruginosa (ATCC 9027), Escherichia coli (ATCC 25922) and a fungal strain of 

Candida albicans (ATCC 10231), the potential pathogens in cosmetics. The treatments were triplicated 

(n=3). All extracts exhibited UV B absorption. Among them, the ethyl acetate extract showed an SPF value 

of 43.77±0.16 at 2.0 mg/mL while the SPF of the reference sunscreen was 39.18±0.56 (sunscreens with 

SPF>30 provide high protection against sunburn). The highest TPC was found to be in ethyl acetate extract 

(544.06±4.81 mg of gallic acid equivalent/g of dry weight), while the highest TFC was observed in ethanol 

extract (13.84±0.89 mg of quercetin equivalent/g of dry weight). According to the results, all extracts 

showed antibacterial activity against tested bacterial strains, while only the ethanol extract showed 

antifungal activity. This study revealed that guava leaves could be considered a promising natural source 

for the cosmeceutical industry as it is rich in chemical constituents with photoprotective properties and 

antimicrobial activities. 
 

Financial assistance from the University of Kelaniya (Grant No RP/03/02/06/01/2018) and the National Science 

Foundation, Sri Lanka (Grant No RG/2013/EQ/01) are acknowledged. 
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MILK PROTEIN COMPOSITION IN DIFFERENT LACTATION STAGES OF DAIRY 

CATTLE GRAZING ON SALTMARSH PASTURES IN MANNAR, SRI LANKA 

 

G.M.M. Kumari1*, A.N. Navaratne 1, 2 and K.B Ranawana3  
 

1Postgraduate Institute of Science, University of Peradeniya, Peradeniya, Sri Lanka 
2Department of Chemistry, Faculty of Science, University of Peradeniya, Peradeniya, Sri Lanka 

3Department of Zoology, Faculty of Science, University of Peradeniya, Peradeniya, Sri Lanka 
*gmadushikamk@gmail.com  

 

 

Cow milk is a nutrient-rich dairy product which has high demand worldwide. Improving local dairy 

production is essential to overcome malnutrition in the Sri Lankan population hit by the current food crisis. 

Cow milk is a vital source of high-quality proteins consisting of all nine essential amino acids required for 

humans. Considering the solubility factor, milk proteins belong to two main fractions that are casein 

(approximately 80% of total protein content) and whey protein (about 20% of total protein content). The 

composition of raw cow milk depends upon the stage of lactation, the feeding source, the cow's health and 

genetic factors. The study aimed to investigate the differences in total milk protein composition of cow 

milk within the lactation curve of cattle grazing on two types of pastures in Sri Lanka. The samples were 

collected during early, mid and late lactation stages from two cattle groups grazing on saltmarsh pastures 

in Mannar and dry pastures in Medawachchiya. The milk samples were tested for total protein composition 

(%w/w) by the ultrasonic Lactoscan MCC milk analyzer. Considering the results, the total milk protein 

composition of saltmarsh pasture feeding cattle was significantly higher (p<0.05) during the mid (3.48%) 

and late (3.54%) lactation stages than the dry pasture-feeding cattle. During the early lactation stage, the 

mean total protein composition (n=30, 3.38 %) of saltmarsh pasture feeding cattle was high compared to 

the mean total protein composition (n=25, 3.28%) of dry pasture feeding cattle, though statistically not 

significant (p>0.05). Since the milk protein yield is relatively proportional to the energy content of the diet 

in dairy cattle, this indicates that the saltmarsh pasture-based diet gives high energy to cattle. This study 

concludes that the protein composition of raw cow milk depends on the feeding pasture and the stage of 

the lactation period of dairy cattle.  

 
Financial assistance from The National Science Foundation, Sri Lanka (NSF/SCH/2019/09) and Instrument 

assistance from The Dairy Technology Unit of Veterinary Research Institute, Gannoruwa, are acknowledged. 
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Nanobiotechnology is an important division in nanotechnology that involves various biological entities for 

nano-synthesis. Silver nanoparticles (AgNPs) received tremendous attention owing to their versatile and 

promising properties and their wide range of applications. Moreover, nano-synthesis using plants is a 

promising approach among other biological sources because of the presence of the high amount of 

phytochemicals and the feasible procedures required in nano-synthesis. However, AgNP synthesis by 

incorporating Commiphora wightii (guggul) plant gum is not attempted previously. C. wightii, belonging 

to the family Burseraceae, is used in ayurvedic medicine due to its anticancer, antimicrobial and anti-

inflammatory properties. The objective of this study was to green synthesize AgNPs using the gummy 

extract of C. wightii in a feasible, cost-effective and environmentally-friendly manner and evaluate their 

bactericidal efficacy. AgNPs were fabricated by the addition of C. wightii extract to AgNO3 while stirring 

and heating. Bactericidal efficacy was determined against Escherichia coli and Staphylococcus aureus 

using the standard Kirby-Bauer Disk diffusion method. A rapid colour transformation was observed from 

light brown to deep brown indicating AgNP formation, and it was confirmed by a characteristic band at 

427 nm.  X-Ray Diffraction patterns revealed the crystalline nature and the Face Centred Cubic structure 

of AgNPs. Moreover, Transmission Electron Microscopic analysis highlighted well-dispersed spherical 

AgNPs around 5-20 nm. Fourier Transform Infra-Red spectra revealed the presence and involvement of 

functional groups of steroids, flavonoids, terpenoids, carbohydrates etc. C. wightii gummy extract alone 

and AgNPs synthesized using gummy extract showed antibacterial potential against both E. coli and S. 

aureus.  The diameters of zones of inhibition were 12.56±0.35 nm and 10.27±0.25 nm for E. coli and S. 

aureus, respectively.   Therefore, this method was an effective, single-step green synthetic approach for the 

synthesis of stabilized AgNPs and bactericidal efficacy for both bacterial gram classes proposes their 

applicability in biomedical utilities. Moreover, further modifications of this green procedure must be 

carried out before any industrial-scale production and applications. 
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Despite the broad use of cough (antitussive and expectorant) medicine, there is little evidence for its clinical 

use. Dextromethorphan is a widely used antitussive that is considered effective by the U.S. Food and Drug 

Administration. N-methyl D-aspartate (NMDA) receptors are the therapeutic target of dextromethorphan. 

The transient receptor potential vanilloid 1 (TRPV1) receptor stimulates the cough reflex and has recently 

been identified as a potential drug target for treating cough. We hypothesize that the mechanism of the anti-

cough effects of paspanguwa, an ayurvedic herbal drink, is due to inhibiting NMDA and TRPV1 receptors. 

This study aimed to identify natural products in the formula that bind favourably to the active sites of the 

receptors. Twenty-three natural products from paspanguwa were examined. The cryo-EM structures of 

NMDA receptor (PDB 7eu7) and TRPV1 receptor (PDB 3J5P) were used as receptor coordinates. 

AutoDock Vina was used for molecular docking at four active sites: glycine-binding site, glutamate-

binding site and the ion-channel of NMDA, and the active site of TRPV1 receptor. Diosgenin, solasodine 

and tomatidenol showed the highest binding affinity to both the glutamate-binding site and glycine-binding 

site; the affinity well above that of references indicates the possibility of these natural products acting as 

NMDA antagonists and non-competitive antagonists. Diosgenin, tomatidenol, and oleanolic acid showed 

the highest affinity to the NMDA channel; an affinity higher than that of references indicates the ability to 

act as better channel blockers. At the active site of TRPV1, solasodine, diosgenin, and tomatidenol showed 

binding affinity on par with the references, indicating that they might act as TRPV1 antagonists. Findings 

from the study show that natural products from paspanguwa bind to active sites of NMDA and TRPV1 

receptors. The reported anti-cough properties of the formula may, at least in part, be due to inhibiting 

NMDA and TRPV1 receptors. 
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Carbon nanotubes (CNTs) have drawn much interest in material science due to their unique structure and 

extraordinary properties. Among different morphologies of CNTs, vertically aligned carbon nanotubes 

(VACNTs) are a fascinating class of nanomaterials that are highly dense and well-oriented along their 

longitudinal axis. For the fabrication of CNT macrostructures with morphologies ranging from network to 

aligned structures, the floating catalyst chemical vapour deposition (FC-CVD) technique is more successful 

and favourable than the conventional CVD methods. This study represents an effective method for 

synthesizing VACNTs using a novel single-stage FC-CVD process with high CNT yield, low cost, and 

facile fabrication. FC-CVD process was carried out by pyrolysis of ferrocene and acetylene at the 

temperature of 850 0C under a stream of Nitrogen (flow rate of 200 sccm) and Hydrogen (flow rate of 50 

sccm). This single-stage FC-CVD approach has a substantial potential to produce VACNTs on a large scale 

compared to the traditional multi-stage assisted FC-CVD process. The as-grown CNTs were collected 

separately from the Si/SiO2 wafer, silicon wafer, and the inner walls of the quartz furnace. The morphology 

and structure of the as-grown CNTs were investigated by SEM, Raman, and XRD. The formation of dense 

VACNT arrays was observed on the inner walls of the quartz furnace and silicon wafer under optimized 

conditions where 0.4 g of ferrocene and an acetylene flow rate of 100 sccm were used for a growth period 

of 30 minutes. CNT bundles with an average diameter of 70 nm and 90 nm with vertical heights of 170 µm 

and 9 µm were found on the quartz and silicon wafer surfaces, respectively. Steric effects and Van der 

Waals repulsive interactions led to the arrangement of dense vertical alignment. More randomly-oriented 

CNTs with varying diameter distribution were also observed on the Si/SiO2 substrate. It revealed the 

dependency of the surface properties on the formation of CNTs with a distinct morphology. XRD and 

Raman studies showed that as-grown VACNTs are well-graphitized and indicated that the graphite 

structure resembles MWCNTs. 
 

Financial assistance from the National Research Council (Grant No 16-015) is acknowledged. 

 

Keywords: Acetylene, Ferrocene, Pyrolysis, Single-stage floating catalyst chemical vapour deposition 

(FC-CVD), Vertically aligned carbon nanotubes (VACNTs) 

 
 

 

 

 

 

 

 

 
 
 
 

mailto:%20argk@sjp.ac.lk


 
Proceedings of the Postgraduate Institute of Science Research Congress, Sri Lanka: 28th-30th October 2022 

174 
 

Abstract No: 84                   Physical Sciences  
 

MICRO-PATTERN TRANSFER USING EPOXY-RESIN COMPOUND                                                           

AS AN ALTERNATIVE TO POLY-DIMETHYLSILOXANE 

 

W.D.G.M. Senarathna and S. Jayawardhana* 
 

Department of physics, University of Sri Jayewardenepura, Nugegoda, Sri Lanka 
*sasanijay@sci.sjp.ac.lk 

 

 

Lithographic techniques provide tools with which micro-nano patterns can be transferred from one surface 

to another. This is highly beneficial in fields such as the development of superhydrophobic surfaces, 

semiconductors, and microfluidic devices. Soft lithography is an increasingly popular sub-technique that 

enables the replication of microstructures to and from flexible membranes, materials, and surfaces. 

Nevertheless, polymer double casting is a cumbersome procedure requiring additional treatment for anti-

adhesion of the moulds and replicates. Here, we present an alternative material using commercially 

available epoxy resin for soft lithographic nano/micro-scale patterning. The negative mould was created 

by mixing the silicon and catalyst materials at a ratio of 100:2 by weight and allowed to dry. The epoxy 

resin was then mixed with the hardener at a ratio of 3:1 by weight and poured into the negative mould. The 

hardened epoxy resin was later peeled off to obtain the replication. The process was demonstrated using 

three natural plant species as master templates. They were taro (Colocasia esculenta), lotus (Nelumbo 

nucifera) and canna (Canna coccinea). The nano/microstructures of natural leaves and their replicates were 

characterized using scanning electron microscopy and contact angle measurements. It is crucial to notice 

that the non-wetting properties of the replicates were significantly lower than their original counterparts. 

Nonetheless, a comparison of the surface images revealed that the micro pattern of the original sample had 

been successfully transferred to the replicate. The replication approach presented here represents a simple 

and economical alternative method for the micro-replication of natural surface structures. 
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Polymer nanofibers have emerged as scientifically intriguing novel materials where that can perform 

extraordinarily well with their unique chemical and physical properties. Electrospinning has become one 

of the simple and versatile methods to produce nanofibers, and electrospun polymer nanofibers can be 

applied in dye-sensitized solar cells (DSSCs). In contrast to conventional liquid electrolytes, which 

inherently lack long-term stability and suffer from electrolyte evaporation and liquid leakage, electrospun 

polymer nanofiber membrane-based quasi-solid-state gel electrolytes have offered a promising alternative. 

The quasi-solid-state gel electrolyte, made by trapping an electrolyte solution within a three-dimensional 

polymer nanofiber matrix, exhibits almost liquid-like ionic conductivities while offering better mechanical 

strength by a non-flowing electrolyte medium. In the present study, cellulose acetate (CA) nanofiber gel 

electrolyte-based DSSCs were fabricated. Their photovoltaic performance was investigated as a 

comparative study with conventional liquid and gel electrolyte-based DSSCs. Scanning electron 

microscopic images showed a porous membrane containing ultra-thin polymer nanofibers with an average 

diameter of 180 nm. In order to prepare quasi solid-state gel electrolyte, the CA nanofiber membrane was 

soaked with the liquid electrolyte prepared by dissolving iodine (I2), tetrapropylammonium iodide (Pr4NI), 

potassium iodide (KI) in ethylene carbonate (EC) and propylene carbonate (PC) co-solvent system. The 

photovoltaic parameters of DSSCs with nanofiber gel electrolyte show an efficiency of 6.06%, a short 

circuit current density (Jsc) of 13.9 mA cm-2 under the simulated sunlight of 100 mW cm-2 (1.5 AM). This 

efficiency value lies in between those of conventional liquid and gel electrolyte-based DSSCs exhibiting 

efficiencies of 6.53% and 5.50%, respectively. This study suggests that CA electrospun nanofiber gel 

electrolyte-based DSSC offers a possible alternative to obtain higher efficiencies than those of conventional 

gel electrolyte-based DSSCs while providing sufficient stability compared to the liquid electrolyte-based 

solar cells. 
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In many nuclear decay processes, two or more simultaneous or successive radioactive emissions occur. 

The angular correlation of these events carries information that a single detection method cannot acquire. 

Coincidence methods are employed to detect these events and utilized in applications such as Positron 

Emission Tomography (PET) to produce functional and static images by acquiring position information. 

This study is focused on building proper instrumentation to assess a cost-effective method to characterize 

positron emitters that can be developed as PET-radiotracers in Sri Lanka. As the initial approach, the 

angular distribution of positron annihilation was obtained using 64Cu. The thermal neutron activation was 

used to produce 64Cu from a CuSO4.5H2O sample. Two NaI (Tl) scintillation detectors have been used to 

build a delayed coincidence system coupled to scalar counters by applying energy windows using single-

channel analyzers. The well-known angular distribution of 60Co with the theoretical angular correlation 

coefficients has been used to validate experimental results and to optimize input delay time and source-to-

detector distance.  A standard 22Na source was used to determine the coincidence efficiency of the 

experimental setup, which was then used to quantify 64Cu in the sample. The experimentally acquired 

angular distribution correlation function and coefficients for 60Co show an agreement with the theoretical 

data. The efficiency of the coincidence setup was measured as 0.18% for 511 KeV positron annihilation 

gamma emission. The activity concentration of neutron-activated 64Cu has been quantified as 136.8 Bq/g. 

The angular distribution of 64Cu and 22Na was compared with each other. Hence, it can be concluded with 

this setup; it is possible to evaluate positron emitters produced in Sri Lanka cost-effectively at the 

production site as the initial approach prior to the direct testing with PET scanners which need higher 

expenses.     

 

Keywords: Annihilation, Coincidence, 64Cu, PET, Positron   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:manuja.lama@nuclear.cmb.ac.lk


mailto:ajithch037@gmail.com






 
Proceedings of the Postgraduate Institute of Science Research Congress, Sri Lanka: 28th-30th October 2022 

181 
 

Abstract No: 109                                                                            Physical Sciences 
 

CHITOSAN-COATED MAGNETITE NANOPARTICLES LOADED WITH  

POLAR EXTRACTS OF OSBECKIA OCTANDRA LEAF 

 

M.R.D.G. Kumari1, T.M.K.I.B. Tennakoon1, R.M.G. Rajapakse1*, M.P. Thomas1,  

B.M.R. Bandara1, 2 and R.P.V.J. Rajapakse3 

 
1Department of Chemistry, University of Peradeniya, Peradeniya, Sri Lanka 

2Postgraduate Institute of Science, University of Peradeniya, Peradeniya, Sri Lanka 
3Department of Veterinary Pathobiology, University of Peradeniya, Peradeniya, Sri Lanka 

* rmgr@pdn.ac.lk 

 

 

Targeted drug delivery improves drug bioavailability and safety, particularly in cancer chemotherapy. 

When drug-loaded magnetite nanoparticles (MNPs) are employed, the rate of drug release can be controlled 

by an external magnetic field. The present study aims to synthesize chitosan-coated magnetite nanoparticles 

(CMNPs) loaded with leaf extracts of Osbeckia octandra; chitosan, a linear copolymer polysaccharide 

derived from chitin, confers biocompatibility to magnetic nanoparticles. The plant O. octandra, which is 

endemic to Sri Lanka, is known for its anticancer, antidiabetic, and hepato-protective properties. The dry 

leaf powder of O. octandra was extracted sequentially with hexane, dichloromethane, methanol, and water 

using Soxhlet extraction. The antioxidant capacity of the sequential extracts was determined using 2,2-

diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and ferric reducing antioxidant power (FRAP) 

assays; antioxidants prevent free radical damage associated with cancer development. To evaluate the 

toxicity of the extracts toward healthy cells, the extracts were subjected to in vitro cell viability studies on 

Vero 76 cells. The polar extracts (methanol and water) displayed the highest antioxidant capacity 

comparable to that of ascorbic acid and the highest cell viability (100%) on Vero 76 cells. Accordingly, the 

methanol and water extracts were treated with CMNPs to obtain the corresponding extract-loaded 

nanoparticles, MCMNPs and WCMNPs, respectively; MNPs were prepared by the co-precipitation method 

and CMNPs by surface coating of MNPs with chitosan. The presence of magnetite in each type of magnetic 

nanoparticles was confirmed by powder X-ray diffractometry and Fourier transforms infrared (FTIR) 

spectroscopy. Scanning electron microscopy revealed the average particle size of MNPs, CMNPs, 

MCMNPs, and WMNCPs as 34.19±9.34, 32.67±7.21, 42.89±8.73, and 41.49±8.21 nm, respectively. The 

incorporation of chitosan into CMNPs was indicated by FTIR, and thermogravimetric analysis (TGA) 

revealed that 20.4% of the MNP was coated with chitosan. Methanol and water extracts were loaded onto 

CMNPs with encapsulation efficiencies of 81% and 70%, respectively. 
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Some major issues that hamper the stability of dye-sensitized solar cells (DSCs) are dye degradation, liquid 

electrolyte leakage, and evaporation. This can occur because of sealing imperfections and photocatalytic 

reactions that transpire at the TiO2 surface triggered by the ultraviolet component of solar radiation in the 

presence of water. To overcome imperfections in sealing, solid-state DSCs can be developed. In these cells, 

the liquid redox mediator is replaced by a p-type hole conducting material. Compared to their liquid 

equivalents, solid hole conductors typically have lower electron mobility. Hence, recombination reactions 

predominate in solid-state DSCs, and the cells exhibit poorer power conversion efficiencies. The photo-

degradation of both dye and the electrolyte can be eliminated by adopting less photocatalytically active 

larger band-gap n-type oxide semiconductors with the conduction band edge positioned competently. SnO2 

(band gap 3.8 eV) fulfils this condition, but DSCs based on SnO2 working electrodes are inefficient due to 

the rapid recombination reactions. This can be overcome by applying an ultra-thin layer of higher band gap 

oxide to cover the crystallite surface of SnO2. In this work, the usual liquid electrolyte (I-/I3
-) was used to 

fill the pores of the SnO2/ZnO composite working electrode, sensitized with the N719 dye. Then, the excess 

electrolyte was wiped off. Finally, these pores were sealed using graphite powder. This treatment 

annihilates losses due to evaporation and leakage while sustaining high electron mobilities. An optimum 

energy conversion efficiency of 3.06% was obtained for this DSC with the corresponding cell parameters 

of open circuit voltage 0.57 V, short circuit current density 8.19 mA cm-2, and fill factor 0.66 under 1.5 

AM illumination. A maximum incident photon to the current conversion efficiency of 39% was attained in 

the wavelength range from 510 nm to 535 nm. 
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The proton exchange membrane (PEM) is a significant component that affects the performance of the 

microbial fuel cell (MFC). Electro-neutrality between the two chambers is very important in MFCs, and it 

is performed by PEM, which transfers the protons across the membrane. A Nafion membrane is widely 

used as PEM in MFC for exchanging protons, but it is costly. Therefore, further research on low-cost PEM, 

which is high in porosity and mechanical strength, is vital. In this study, a PEM was made using natural 

clay and activated carbon derived from coconut shells (ACCS) and was compared with the results obtained 

for the Nafion membranes in other studies. In both MFCs, the volume of the anode and cathode chamber 

was 250 ml, and a phosphate buffer solution (50 mmol dm-3) was added to the cathode while wastewater 

was added to the anode chamber. In this study, lake sediment was used as the source of electrochemically 

active bacteria in the anode chamber of MFC. Open circuit voltage and short circuit current density of clay 

and ACCS membrane were observed as 270 mV and 920.0 mA m-2, respectively. The maximum power 

density obtained from the MFC using clay and ACCS (43.3 mW m-2) was lower than the MFC with Nafion 

as PEM (202±6 mW m-2). However, calculations showed that the cost per square meter for PEM developed 

from clay and ACCS (5,600 LKR) was much lower than the Nafion membrane (4.0 million LKR). 

Furthermore, a performance comparison of MFCs revealed that the cost per watt for clay and ACCS 

membrane was 0.13 million LKR, while that of Nafion was about 19.8 million LKR. Hence, low-cost clay 

and ACCS membranes were found to have the potential to replace Nafion membranes in MFCs for their 

field-scale applications. Therefore, MFC prepared using clay and ACCS can be used as a low-cost and 

clean energy source to generate bioelectricity.  

 

Keywords: Activated carbon derived from coconut shell (ACCS), Bioelectricity generation, Cost per watt, 

Natural clay, Proton exchange membrane (PEM) 
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The current study presents a design and analysis of an efficient and innovative mechanism to disinfect in 

controlling and preventing COVID-19. This mechanism is an alternative to the time-consuming and 

expensive disinfection process, and it can be focused on specific places on the body. The proposed device 

uses a high-speed airflow that passes through a venture. The high-pressure sprinkle will spread the 

sanitizing chemical in the middle of the venture. After spraying the chemical, the device will blow air to 

dry the chemicals on the skin. The study aims to assess the sparing speed of the sanitizing chamber. These 

whole simulations and analyses were done using SOLIDWORKS. The diffusion angle, contraction ratio, 

inlet-outlet pressure difference, and velocity characteristics were crucial parameters when choosing the best 

shape for the venture. After choosing and designing a better shape for the venture, the analysis part was 

done. Flow rates of air and water were applied to respective inlet sides and venture inlet. A venture inlet 

has been installed, and its needle has been attached at the most velocity point of the venture tube. In this 

study, an input flow velocity of air has been supplied at 100 m s-1, and the output side has been set up as 

environment pressure. The validated computational fluid dynamic model was used to evaluate two 

scenarios; one is an increase in mass flow rate, and the second thing is to reduce turbulence and develop 

well flow at the end of the unit. At the end of the study, the well-analyzed mechanism could be invented 

with high speed and expected objectives. A higher flow rate is thought to increase the atomization quality 

and spray coverage of alcohol-based sanitizer liquid for sanitizing chamber and walkthrough gates 

applications.  

 

Keywords: Automated Sanitizing, Computational Fluid Dynamic, Disinfection Chambers, Venture 

Mechanism, Quick-Drying Mechanism   
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The occurrence of bacterial infections during and after bone graft surgeries are rising to the point of 

concern, despite the use of antibiotics and controlled hygienic practices. Better methods of preventing 

bacterial infections are needed, and the fabrication of materials with antibacterial properties within the 

material itself can be of added advantage. Hence, an investigation into the possibility of synthesizing a 

bone graft material with antibacterial properties was conducted. Suitable materials for the composite were 

reviewed and selected. These materials had the added advantage of biocompatibility and degradation. Thus, 

a polymer composite for bone grafting applications was prepared using chitosan, hydroxyapatite, and zinc. 

Four composites with varying zinc (doped at 0.2, 0.4 and 2% of Zn) and chitosan ratios were synthesized, 

and scaffolds were prepared by a compression pelletizing process with 10 kN force. The composites were 

characterized through Fourier Transform Infrared (FTIR), Powdered X-Ray Diffraction (PXRD), and 

Thermogravimetric analysis (TGA) techniques. The composites were thermally stable till around 300 °C 

proving suitable use in the specific application. Water absorption, stability in fluids, compressive strength 

and antibacterial properties of the composites were tested. The compressive strength of the scaffolds 

obtained ranged from 4-11 MPa, which is satisfactory for cancellous bone applications. The composites 

displayed effective inhibition against Escherichia coli and Staphylococcus aureus after 18 and 30 h of 

incubation. Stability in fluids had to be further enhanced, though satisfactory water absorption levels were 

observed.   
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Recent studies have been conducted on biodegradable polymer nanocomposites from a structural and 

functional perspective and their applications in food packaging due to triggered concerns of looking for 

materials and processes compatible with the environment. In this regard, due to its hydrophilic nature, 

titanium dioxide (TiO2) underwent hydrophobic modification by stearic acid (SA, 3 w/w% of TiO2) via a 

physical coating method using ethanol as the solvent to prepare functional carboxymethyl cellulose (CMC) 

based nanocomposite film appropriate for food packaging. The novel CMC-based ternary nanocomposite 

film was synthesized by incorporating 5 w/w% of sodium montmorillonite (Na+MMT) and 1 w/w% of 

modified TiO2 via a drop-casting method. As prepared, the modified TiO2 and nanocomposite film were 

characterized by FTIR spectroscopy to demonstrate the interactions and PXRD and TGA analysis to 

investigate the crystallinity and thermal behaviour of the nanocomposite films, respectively. FTIR results 

showed that SA was closely and firmly combined with TiO2 particles; therefore, the changes in surface 

characteristics of TiO2 promoted the interaction between CMC, MMT, and TiO2 in nanocomposite film. 

According to PXRD analysis, the CMC chains were loaded into the silicate layers' gallery to produce an 

intercalated nanomorphology. TGA analysis highlighted that physically coated SA in TiO2 microcrystals 

had improved thermal stability. The performance of the nanocomposite films was demonstrated by 

moisture content and tensile tests. The results showed that modified TiO2 decremented moisture content, 

tensile strength, and elongation at the break by 2.9%, 29.4%, and 27.0%, respectively. It was deduced that 

the long hydrocarbon chain of SA, which is non-polar, has conferred hydrophobicity to the nanocomposite, 

promoting the water-resistance and increasing the extensibility of the film. 
 

Financial assistance from University Research Grant (Grant No URG/2021/17E) is acknowledged. 
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Nanomaterials have been emerging as a new generation of antimicrobial agents to mitigate the crisis 

associated with antimicrobial resistance. Among them, Zinc Oxide Nanoparticles (ZnO NPs) stand out due 

to their biocompatibility and easy synthesis. The objective of this study was to explore a simple, eco-

friendly method to synthesize ZnO NPs using zinc acetate dihydrate as the precursor from aqueous leaf 

extracts of Amaranthus viridis (Kurathampala) and Costus speciosus (Thebu). Aqueous leaf extracts of 

both plants were prepared, and optimization of the synthesis in response to yield, characterization and 

antimicrobial activity determination were conducted. The effects of precursor concentration and reaction 

temperature and their interactions during the synthesis were determined by response surface methodology 

employing the central composite design. Within the chosen range, the precursor concentration was 

identified as a significant variable (p < 0.05) as opposed to the reaction temperature in the synthesis. From 

the PXRD patterns, ZnO NPs were highly pure, confined to the wurtzite structure with mean crystallite 

sizes of 20.01 and 15.99 nm for A. viridis and C. speciosus mediated synthesis, respectively, and most 

effectively calcinated at 450 °C. Investigation of FTIR spectra verified functional groups in charge of 

stabilizing and capping of ZnO NPs. Roughly spherical particles of average sizes < 60 nm were observed 

from SEM imaging. In comparison to Sigma-Aldrich ZnO (< 50 nm), ZnO NPs mediated via A. viridis and 

C. speciosus showed a high antifungal potential against a standard isolate of Candida albicans (ATCC 

90028). A minimum inhibitory concentration of 5.12 mg/mL against standard isolates of gram-negative 

bacteria Pseudomonas aeruginosa (ATCC 27853) and Escherichia coli (ATCC 25922) were obtained for 

the ZnO NPs synthesized via A. viridis and C. speciosus from the agar dilution method, while the effect on 

gram-positive bacteria was not notable. Overall, the results elucidated a rapid, cost-effective, 

environmentally-friendly method for ZnO NP synthesis, which showed antimicrobial potential against 

fungal and gram-negative bacterial strains.  
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The demand for sustainable food packaging material has increased compared to nonbiodegradable 

packaging because plastic waste is a serious environmental problem. In this study, different composites of 

citric acid (CA) crosslinked montmorillonite (MMT) reinforced carboxymethyl cellulose (CMC) films with 

TiO2 nanoparticles (NPs) (average size < 20 nm) incorporated to act as antimicrobial agents were 

investigated for applications in food packaging. Films were fabricated using the solvent casting method 

with 25% (w/w) CA as the crosslinking agent, and 1%, 3%, and 5% TiO2 NPs were added to the CMC-

MMT nanocomposite with glycerol as a plasticizer. The films were characterized by FTIR, TGA, and 

PXRD and evaluated for water solubility, moisture content, and moisture uptake ability. The addition of 

CA and TiO2 NPs lowered the moisture uptake (MU), water solubility (WS), and moisture content (MC) 

by reducing polymer network interactions. FTIR analysis confirmed the formation of ester crosslinks 

between CMC and CA. It was found that MC decreased from 34.3% to 33.3% when the concentration of 

CA increased and reduced to 29.3% with the addition of 5.0% TiO2 NPs. The WS was reduced from 67.9% 

to 66.9% when the amount of CA increased from 15.0% to 25.0% and reduced from 66.7% to 65.2% when 

the amount of TiO2 NPs increased from 1.0% to 5.0%. Incorporation of 3% TiO2 NPs into 

CMC/MMT/CA25% film remarkably reduced the MU by 21.9% at 97.0% RH and 16.1% at 40.0% RH. 

According to the thermal analysis, the addition of TiO2 NPs enhanced the thermal stability of CMC films. 

The PXRD revealed that TiO2 NPs and MMT modified the original structure of the CMC by increasing the 

crystallinity of the films. From the overall results, CA crosslinked TiO2 NPs incorporated CMC-MMT 

films were found to exhibit the lowest WS, MU, and MC. 
 

Financial assistance from University Research Grant (Grant No URG/2021/17E) is acknowledged. 
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Liquid electrolytes (LEs) are being used as electrolytes in Dye-Sensitized Solar Cells (DSSCs) due to their 

superior conductive properties and versatility. The electrical contact between electrolytes and porous 

electrodes can be easily achieved using LEs since LEs readily diffuse into pores and voids of electrodes. 

Therefore, in general, LE-based DSSCs deliver higher efficiencies. However, the adverse effects of liquid 

electrolytes, such as electrolyte leakage, volatility, and flammability, should be mitigated to prepare 

chemically and physically statable DSSCs. In this study, the performances of new LE-based DSSCs have 

been investigated. DSSCs exhibit enhanced charge transport properties, leading to higher efficiency for 

photoelectrochemical energy conversion applications.  The effect of the frequency dependence of the real 

and imaginary components of the AC conductivity on the dielectric polarization of the electrolyte was 

investigated to comprehend the capacitive effect of the cell. The novel liquid electrolyte investigated in this 

study comprised ethylene carbonate (EC), propylene carbonate (PC), 1-butyl-3-methylimidazolium iodide 

(BMII), 4-tert-butyl pyridine (4TBP), tetrahexylammonium iodide (Hex4NI), and lithium iodide (LiI). The 

combination of iodide salts establishes a binary system of small and large cations instead of a conventional 

single-salt electrolyte. The ambient temperature conductivity of the electrolyte was 11.43 mS cm-1, which 

is high enough to prepare efficient DSSCs. This electrolyte, previously optimized TiO2 multi-layer 

photoelectrodes, and standard Pt counter electrodes were used in assembling DSSCs. When observed under 

definitive 1,000 W m-2 simulated solar irradiation, the highest conversion efficiency was 8.37%. The 

corresponding short circuit current density (Jsc) was 16.61 mA cm-2, the open-circuit voltage (Voc) was 

720 mV, and the fill factor (FF) was 69.99%. However, when the light intensity was reduced to 397 W m-

2, a significantly high efficiency of 10.57% was observed. Further, it was observed that the heavy ions as a 

binary salt system improve the performance of the studied liquid electrolyte without compromising the 

short-term stability. 

 
Financial assistance from the Postgraduate Institute of Science (PGIS), University of Peradeniya Research Grant 

(Grant No. PGIS/2020/05) is acknowledged. 
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The target of photovoltaic systems has always been to reduce costs while increasing efficiency. Cadmium 

telluride (CdTe) has a narrow bandgap of 1.45 eV and is utilized as the absorber material in CdS/CdTe thin 

film solar cells, while cadmium sulfide (CdS), which has a wider bandgap of 2.42 eV, is used as the window 

material. There are numerous ways to deposit a CdS window layer, and among them, the close-spaced 

sublimation (CSS) technique is one of the most effective methods. The work reported here mainly focused 

on optimizing the thickness of CSS synthesized CdS window layer. To reach the desired thickness range, 

the deposition time duration was changed from 100 to 180 s. Temperatures for the source and substrate 

were set at 660 and 560°C, respectively. Around 2-3 Torr of an inert atmosphere was maintained using Ar 

gas. UV-visible spectroscopy was used for the optical characterization, and a PEC L01 solar simulator was 

used to study the electrical characteristics. The thickness of the CdS layer was measured using an X-ray 

fluorescence spectrometer. The highest average efficiency of 7.0% was obtained for the small area dot cells 

of 0.2 cm2, with an open-circuit voltage (VOC) of 692 mV, a short circuit current (JSC) of 20.2 mA/cm2, 

and a fill factor (FF) of 50.3% under the AM 1.5 illumination for the deposited CdS layer thickness of 310 

nm.   
 

Financial assistance from the Solar Edu-Training Project of the State Ministry of Skills Development, Vocational 

Education, Research & Innovation is gratefully acknowledged. 
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Examination of protein adsorption to solid surfaces with molecular dynamic simulations will yield many 

different aspects of innovations in the field of biochemistry. In contrast to computational simulations, 

laboratory experiments for protein adsorption on solid surfaces are rather expensive and time-consuming. 

Therefore, a computational approach is preferred, and protein adsorption to solid surfaces remains a 

challenge to chemists due to its highly complex behaviour. This research was primarily focused on trp-

cage mini protein (PDB ID: 1L2Y) adsorption on a graphene solid surface. Molecular dynamic simulations 

were conducted using GROMACS software, and the Kirkwood-Buff derived force field (KBFF20) was 

incorporated. Four simulations were conducted: the original protein near the solid surface, the protein 

rotated by 180° around a horizontal axis, and the protein adsorption on the solid surface having +0.1e or -

0.1e partial charge on each atom in the graphene layer. Adsorption was explained by the change of distance 

between the centre-of-masses (COMs) of protein and the graphene surface along the vertical axis. The 

diffusion coefficient was used to indicate the rate of adsorption of the protein. The first and second 

simulations concluded that the protein was stable near the COM distances of 0.732 nm and 0.760 nm 

starting from 1 nm away from the graphene surface. The calculated average one-dimensional diffusion 

coefficients along the vertical axis were 1.914 (±0.008) × 10-4 nm2 ns-1 and 1.248 (±0.009) × 10-4 nm2 ns-1 

for simulations one and two, respectively. For other simulations, overall adsorptions of the protein were 

not indicated. The study concludes that protein adsorption depends on the number of hydrophobic and 

hydrophilic residues exposed to the solid surface, and the more hydrophobic residues it has, the higher 

tendency for the protein to adsorb onto the non-polarized surface. 
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Reduced graphene oxide (rGO) is a material with potentially interesting properties which leads to many 

applications. Paper-based rGO is effective in applications like bioelectrical electrodes, water purification 

and sensors. Fabrication of paper-based rGO begins with oxidizing graphite to graphene oxide (GO) and 

reducing paper-based GO using chemical or thermal reduction. In chemical reduction, hydrazine hydrate 

(H6N2O), sodium borohydride (NaBH4), and hydroiodic acid (HI) are used, as they are strong reducing 

agents. However, their toxic nature has doubted the possibility of using paper-based rGO for bioelectric 

signal acquisition and water purification. Therefore, there is a necessity to fabricate paper-based rGO using 

green and non-toxic methods. This study presents a novel method of fabricating cellulose membrane (CM) 

filter paper-based rGO using L-ascorbic acid, a non-toxic reducing agent. The precursor, GO, was 

synthesized by the modified Hummer's method using Sri Lankan graphite. The vacuum filtration technique 

was used to deposit GO on the CM filter paper, and the CM filter paper-based GO reduced at 70 ºC using 

L-ascorbic acid. Fourier-transform infrared spectroscopy (FTIR) and Raman spectroscopy confirmed the 

deposition of GO and the reduction state of paper-based GO. Oxygen functional groups seen in the FTIR 

spectrum of CM filter paper-based GO confirmed the hydrophilic nature, which helps the proper bonding 

between GO and CM filter paper. Raman analysis revealed a significant increase in ID/IG ratio from 0.886 

to 1.186 and I2D/IG ratio from 0.030 to 0.076 after reducing CM filter paper-based GO with the 

concentration of 500 mg l-1 at 70 ºC. This increase showed the reduction ability of L-ascorbic acid and the 

restoration of carbon-carbon bonds under sp2 hybridization. Also, the I2D/ IG ratio increased as the GO 

concentration increased from 62.5 mg l-1 to 500 mg l-1, indicating that the optimized CM filter paper-based 

rGO may have high electrical properties. 
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Nanofillers exhibit high dielectric constant, but they have poor flexibility and breakdown strength. 

Polymers have excellent flexibility, low dielectric loss and high breakdown strength but have much lower 

dielectric constants. Thus, the incorporation of nanoparticles into a polymer has a greater potential to 

enhance the dielectric behaviour of the overall composite. During this study, hydroxyapatite nanoparticles 

(HA Nps) were synthesized using wet chemical precipitation, and different weight fractions of 

nanoparticles, 5%, 10% and 15% in cyanoethylated polymer (CRS), were prepared. Powder X-ray 

diffraction patterns confirmed the presence of HA Nps and CRS polymer. Scanning electron microscopy 

was used to analyze the morphology of the synthesized HA Nps and to measure the thicknesses of 

nanocomposite films. Fourier transform infrared spectroscopy was used to study bonding interactions of 

synthesized compounds. Capacitance values were measured in the frequency range from 1 kHz to 1 MHz, 

and all nanocomposite films showed higher dielectric constants at lower frequencies than CRS bare 

polymer (21). The dielectric constants of composites at 1 kHz were 32, 44, 67 for 5%, 10% and 15% 

weights, respectively. All nanocomposites showed a lower leakage current when increasing the voltage. 

The dielectric constant of nanocomposites has increased with increasing the loading of HA Nps, which 

may be due to the formation of large volumes of interfacial regions. It can be thought that nanoparticles in 

15% HA composite have agglomerated at higher loading, thus showing the most significant decrease in 

dielectric constant when increasing the frequency. At lower frequencies, all types of polarization 

mechanisms are involved, which leads to an increased dielectric constant. When the frequency increases, 

relaxation processes occur. Therefore, the dielectric constant decreases with increasing frequency as all 

polarization mechanisms do not contribute. Significant attention is not given to investigating the dielectric 

properties of CRS-based nanocomposites in the literature. These results suggest that CRS-HA polymer 

nanocomposite is a potential candidate for applications in the dielectric material of capacitors. 
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The effects of global warming and the depletion of fossil fuels led the world to pursue reliable renewable 

energy sources and to improve the efficiencies in current energy conversions. Thermoelectricity is the 

direct conversion of heat energy into electricity. Recently, this phenomenon has been applied as an efficient 

waste heat recovery mechanism. Thermoelectric generators (TEGs) are incorporated in generating 

thermoelectricity under applied temperature differences. A TEG contains an array of p-n junctions created 

using two dissimilar thermoelectric materials (TEMs). Using expensive and toxic rare earth materials such 

as Tellurium in room temperature TEGs has limited the commercialisation of this technology. Copper (I) 

thiocyanate (CuSCN) has recently earned significant attention as a p-type semiconductor due to its 

excellent hole-transporting characteristics. Thus, it is used in many optoelectronic applications, including 

perovskite solar cells. This project investigates and optimises the thermoelectric properties of CuSCN 

pellets by doping with a carbonaceous material. Pellets pressed with a diameter of 13 mm and a thickness 

of 1.5 mm using commercial CuSCN powder were used to investigate thermoelectric properties. Graphite 

was used as a dopant to modify the thermoelectric performance of CuSCN pellets. Electrical conductivity, 

thermal conductivity, and Seebeck coefficient were measured for CuSCN pellets as well as for graphite-

doped CuSCN (G-CuSCN) pellets. The figures of merit values were also calculated at the respective 

temperatures. The obtained electrical conductivities of CuSCN and G-CuSCN pellets at 373 K were 722.2 

and 77.4 S m-1, respectively. The thermal conductivities of CuSCN and G-CuSCN pellets at 373 K were 

1.28 and 0.81 W m K-1, respectively. G-CuSCN showed a positive Seebeck coefficient of 0.67 mV K-1 at 

373 K, confirming the p-type semiconductor nature of this material. In order to generate a steady state 

voltage, CuSCN should be heated up to 423 K. G-CuSCN resulted in a figure of merit value of 1.69×10-8 

at 373 K. CuSCN and G-CuSCN generated maximum output power of 29.9 and 139.9 nW at average 

temperature gradients of 393 K and 343 K, respectively. After the incorporation of graphite into CuSCN, 

the thermal conductivity of the material decreased, indicating the improvement of favourable properties 

needed for an efficient TEM. In addition, G-CuSCN generated more power than CuSCN, revealing that 

graphite can improve the thermoelectric properties of CuSCN.  

 

Keywords: CuSCN, Figure of merit, Renewable energy, Seebeck coefficient, Thermoelectricity 
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CONSTRUCTION AND APPLICATION OF A PORTABLE MUON DETECTOR 
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Particle physics studies the fundamental aspects of nature, the very building blocks of the universe, and has 

revolutionized the way we observe our known universe. Even though working with powerful accelerators 

and sophisticated detectors is ideal, not all institutions have such facilities. Therefore, a low-cost muon 

detector was built according to the design of the desktop muon detector by the Massachusetts Institute of 

Technology. A plastic scintillator is used as the scintillation material in the detector due to its low cost and 

ability to be shaped into the required shape and size. A silicon photomultiplier is used as the electronic light 

sensor as it is much cheaper, smaller, and better at detecting the excitation energies of charged particles 

compared to the photomultiplier tubes. Other components include basic electronic components such as an 

Arduino nano, operational amplifiers, resistors, capacitors, and inductors. The detector was used to obtain 

count rates in Colombo, Sri Lanka. Under several approximations, the muon flux obtained in Colombo at 

sea level is 9.6 × 10 m-2 s-1 sr-1. During calibration, the triggering threshold was set so that the detector 

would trigger for particles with higher energies compared to typical surface background radiation energies. 

Therefore, to calculate the approximate total muon flux, a correction was made to account for the muons 

with lower energies than the trigger threshold. The correction was done by comparing two count rate vs 

silicon photomultiplier voltage graphs. One graph was plotted using a detector that was not calibrated, and 

the other graph was obtained from the literature. The graph obtained from the literature contains a plot 

obtained using detectors of the same design operated in coincidence mode. This is the major approximation 

used to calculate the muon flux. The flux value obtained was 4% lower relative to the muon flux recorded 

at higher latitudes, according to the literature. This observation is justifiable because Colombo is close to 

the geomagnetic equator and muon flux varies with the geomagnetic latitudes. Moreover, the data obtained 

from the detector follows a Poisson distribution where the theoretical and experimental distributions closely 

correlate, thereby confirming the detection of truly random events. This detector provides a new avenue of 

research as there are numerous applications in various fields. 

 

Keywords: Cosmic ray muon flux, Geomagnetic equator, Particle physics, Poisson distribution of cosmic 

rays, Portable muon detector 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



 
Proceedings of the Postgraduate Institute of Science Research Congress, Sri Lanka: 28th-30th October 2022 

212 
 

Abstract No: 291                                                                                  Physical Sciences 
 

OPTICAL AND STRUCTURAL PROPERTIES OF POLYVINYL ALCOHOL BASED 
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At present, polymer materials are being used for many applications due to their unique physical, 

mechanical, and optical properties. Many studies have been done on polyvinyl alcohol (PVA) polymer for 

various applications because PVA has some useful properties compared to many other polymers, such as, 

solubility in water, film-forming ability, and flexibility. Plasticizers can also be used in order to change 

some physical properties of PVA polymers. In this study, several modifications are done for the PVA films, 

which can be used as light polarizers. For this purpose, Ethylene glycol (EG) added PVA, Ag nanoparticles 

(NPs) added PVA, and Iodine added PVA films were tested for optical and structural characteristics using 

UV-Visible data and Powder X-ray diffraction (PXRD) data. The UV-Visible data for EG/PVA films show 

that adding EG to the PVA films decreases the transmittance of the film. The XRDs of EG/PVA films show 

that EG is decreasing the crystallinity of the PVA film. UV-Visible data of PVA/Ag-NPs films show that 

the addition of Ag nanoparticles reduces the films' transmittance in the visible region. Particularly the 

transmittance value is much lower at around 400 nm than that of pure PVA film, indicating more absorption 

of blue light. Therefore PVA/AgNPs films can be used as blue light filters. The addition of Ag nanoparticles 

can be used to increase the crystallinity of the PVA polymer matrix, which is vital for the strength of the 

film. UV-Visible data for stretched PVA/Iodine films show low transmittance compared to the pure PVA 

film in the visible region, which is almost equal above 700 nm. 

 

Keywords: Ag-nanoparticles, Iodine, Polarizes, PVA 
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Cellulose nanocrystals are celluloses at the nanoscale that are taken from natural fibres and arranged in a 

tightly structured crystalline particle structure. The aim of this study was to look into the utilization of 

Whatman filter papers as a source of raw materials for the extraction of cellulose nanocrystals. Whatman 

filter paper is a cellulose paper created by utilizing a significant amount of alpha-cellulose. Its contents are 

a sign of its consistency and excellent quality, as alpha cellulose is thought to be the most stable form of 

cellulose. Cellulose nanocrystals extraction from Whatman filter papers using sulfuric acid hydrolysis was 

studied, and extracted cellulose nanocrystals were characterized. The sulfuric acid hydrolysis was 

performed with 64% (w/w) sulfuric acid and combined using a liquor ratio of 1:20 with Whatman filter 

paper while being subjected to strong magnetic stirring at 50 °C for 90 min. The extracted cellulose 

nanocrystals have been characterized by Transmission Electron Microscopy (TEM) analysis, Fourier 

Transform Infrared (FTIR) spectroscopy analysis and X-ray Diffraction (XRD) analysis. The TEM analysis 

clearly showed the formation of needle-shaped CNC particles having a size range between 10-30 nm in 

diameter and 100-200 nm in length. The FTIR spectrum showed the functional groups of the isolated 

cellulose nanocrystals from Whatman filter paper using sulfuric acid hydrolysis. XRD pattern confirmed 

that the CNCs from the Whatman filter paper could be extracted through sulfuric acid hydrolysis. 
 

Financial assistance from the University of Moratuwa (Grant No. SRC/LT/2021/13) is acknowledged. 
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Online education has been vital due to the closure of schools during the COVID-19 pandemic and, 

thereafter, fuel shortage in the country. However, teaching and learning science are most critical due to the 

practical nature of the subject. In this situation, online learning has to be empowered through necessary 

strategies to meet the challenges. Thus, this research aims to investigate issues related to online teaching 

and the learning process of science in grades 6 and 7. The data was collected through a convenience sample 

through teacher and student questionnaires. The sample comprised 84 teachers and 150 students from the 

Kandy Education Zone. Results revealed that 93% of students and 89% of teachers prefer face-to-face 

lessons. Moreover, 95% of teachers disagreed with conducting online lessons to deliver science due to the 

difficulty of teaching some scientific concepts. Further, 88% of teachers argued that assessing and 

evaluation could not be accomplished effectively in online mode. Around 93% of students agreed that 

online learning is ineffective in learning science. Though 79% of teachers have a good internet connection 

with powerful devices, 65% of students do not have individual devices with a good internet connection. 

Moreover, students in lower grades prefer face-to-face science lessons to online lessons. Lack of experience 

and knowledge of the technology of teachers badly affects the online teaching and learning process in Sri 

Lanka. Thus, it is suggested to remedy the above issues appropriately to enhance the science teaching and 

learning process in schools to meet national goals effectively to prepare students with 21st Century skills.  
 

Keywords: Grade 6 and 7 students, Online teaching and learning, Science 
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