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Foreword 

 
The Young Water Professionals Symposium (YWPS) was an outcome of the efforts of the Sri Lanka Water Partnership 
(SLWP) Programme Committee which in early 2012 had identified the limited opportunities available to young water 
professionals to contribute to water sector issues as a constraint to the development of the sector. The YWPS was 
planned  as a platform where these  mid- career water professionals could make their voices heard and present 
innovative solutions that could be adopted to better plan and manage water resources in Sri Lanka. 
 
SLWP is thankful to its sponsors the International Water Management Institute (IWMI) and Unilever-Pureit for meeting a 
large proportion of the costs of YWPS and for enabling SLWP to hold this event on a scale that provided a high degree of 
impact and visibility.  
 
Six themes were included in a comprehensive portfolio of subjects and issues to be addressed and dealt with through the 
YWPS. Thirty papers were selected from over 55 abstracts and an opportunity was provided for 24 papers to be 
presented at the symposium. SLWP is indebted to the Technical Committee for selection of papers and to the Awards 
Committee for ranking the presentations.  
 
The overall management of the YWPS was by a hard working Organizing Committee representing SLWP, IWMI and 
Unilever- Pureit who deserve all credit for YWPS and its impact.  
 
 The organizers are especially appreciative of the support for this event extended by Hon. Dinesh Gunawardena,  
Minister of Water Supply and Drainage who was the Chief Guest at the Inauguration and to Prof. Mohan Munasinghe, 
Joint Nobel Peace Prize Winner 2007, for making the keynote address. The initial support given by Dr. Colin Chartres, 
former Director General IWMI, the continuing support of Mr. Jeremy Bird, Director General of IWMI and Mr. Amal 
Cabraal, Chairman Unilever Sri Lanka, the contribution of the Session Chairs and Rapporteurs at the Technical Sessions 
and that of the authors/presenters whose efforts made the YWPS such a successful event are also greatly acknowledged.  
Special thanks go out to Mr. Lalith Dassenaike for preparing the original concept note and catalyzing Unilever to support 
this activity and to Ms. Joanna Kane -Potaka for promoting support for the YWPS by IWMI and to Ms. Renuka Jeya Raj  
for continuing this support after the former left IWMI. Ms Mala Ranawake and Ms Leelangi Wanasundara are gratefully 
acknowledged for their services in editing the proceedings and Mr. Thakshila Premaratne for the logistical and 
administrative support during and after the event.  
 
 
Kusum Athukorala  
Chair SLWP & Organizing Committee YWPS 
 
March 2013  
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Report on Proceedings 

Young Water Professionals Symposium (YWPS) 
 

Introduction 
ά¢ƻǿŀǊŘǎ ŀ ²ŀǘŜǊ {ŜŎǳǊŜ CǳǘǳǊŜέ ǿŀǎ ǘƘŜ ǘƘŜƳŜ ƻŦ ǘƘŜ {ȅƳǇƻǎƛǳƳ ŦƻǊ ¸ƻǳƴƎ ²ŀǘŜǊ tǊƻŦŜǎǎƛƻƴŀƭǎ ƘŜƭŘ ƻƴ нн

nd
 and 23

rd
 

November 2012 in Colombo. Organized by the Sri Lanka Water Partnership (SLWP) and sponsored by the International 
Water Management Institute (IWMI) and Unilever-Pureit Sri Lanka, the symposium afforded the opportunity for young 
water professionals to present their research findings on a wide range of topical issues currently facing the  water sector 
 
This event, which was held for the first time in Sri Lanka, provided a platform for young water professionals and 
academics to express their views, highlight research findings and experiences and also provided them with the 
opportunity for intra and inter sector networking and collegial interaction among professionals. 
 
The symposium was open to water professionals below 35 years employed in public, private, academic and civil society 
institutions and was expected to add to the knowledge base that needs to be utilized to meet current water challenges in 
Sri Lanka.  
 
The rationale for bringing together young water professionals was to recognize them as emerging sector leaders and to 
develop their research skills and initiatives in order to drive change within a sector that is faced with complex challenges 
and crises. This first Young Water Professionals Symposium (YWPS) was meant to be a starting point of a longer process 
of development of the talents of these professionals. The opportunity for young professionals to interact with their peers 
and senior water professionals, network and collaborate was also an objective of the symposium. As a follow-up activity, 
a synthesis paper on the recommendations/outcome of the symposium will be prepared to be further examined through 
an expert consultation with the intent to draft and submit a policy brief to the relevant authorities for consideration 
 
At the technical sessions of the symposium, presentations were made on a range of topics under six broad themes which 
included optimizing water utilization, improving water delivery, good governance, economic/financial feasibility and 
environmental sustainability, drought, floods, pollution and cross cutting themes such as Integrated Water Resources 
Management (IWRM), capacity building, climate change adaptation and risk management. Aspects such as health/ 
sanitation, water delivery services, water quality issues in surface/groundwater, infrastructure management, floods and 
drought management, legal aspects, stakeholder participation, O&M, environmental issues, wetlands and biodiversity 
were among the many subjects covered. 
 
This report summarizes some of the main points of the presentations made in the inaugural and three technical sessions 
that included the key note address, plenary discussions and a panel discussion.  
 
Papers (both presented and not presented) accepted by the YWPS Technical Committee have been included in the 
compilation while notes of discussion during the technical sessions are given in Annex 3. 
 
The Inauguration was attended by over 150 invitees that included water professionals from the state and non-state 
sector, academia and the private sector. The Technical Sessions had over 60 participants representing water interests. 
 

Inaugural Session 
The opening of the Symposium was on 22

nd
 November at the Bougainvillea Ballroom, Hotel Galadari, which commenced 

with the traditional lighting of the oil lamp at 9.00 a.m., followed by a welcome address by the SLWP Chair Ms. Kusum 
Athukorala, a water song by children, an address by the Chief Guest Hon. Dinesh Gunawardena, Minister of Water Supply 
and Drainage and a keynote address by Prof. Mohan Munasinghe, the 2007 Nobel Prize co-winner on Sustainable Water 
Resources Management  (SWARM) - Poverty, Security and Climate Change Nexus. The Director General of IWMI, Mr. 
Jeremy Bird and Chairman of Unilever Sri Lanka Mr. Amal Cabraal also addressed the gathering. 
 
SLWSP Chair welcomed the invitees to this path breaking activity aimed at harnessing the talents of young professionals 
to address the ever increasing issues, some at crisis levels, that confront the water sector. Not only was there a need to 
bridge internal divides within the country, overcome the institutional chasms between agencies, institutions and 
communities by dedicated professionals and activists but there was also an urgency in opening up access to the decision 
making processes within the sector and agencies to the young professionals as well. Loss of many talented young minds 
to out migration has been not only on the issue of remuneration but also due to lack of career and professional 
fulfillment. 
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Lƴ Ƙƛǎ ŀŘŘǊŜǎǎΣ L²aLΩǎ 5ƛǊŜŎǘƻǊ DŜƴŜǊŀƭ ǎǘŀǘŜŘ ǘƘŀǘ ǘƘŜ ǎȅƳǇƻǎƛǳƳ was a pioneering initiative to look at current water 
problems through the lenses of future managers. It offered practical and effective ways for mid-career professionals to 
follow their interests and build their skills. Sri Lanka is one of the fastest developing countries in the region with 
development activities resulting in tremendous pressure on water resources exacerbated by climate change. There is  a 
critical need to develop a new generation with a daring and unconventional mindset with fresh perspectives and out of 
the box thinking. IWMI was delighted to support this initiative and would partner SLWP in similar endeavors for mutual 
benefit.  
 
Chairman Unilever Sri Lanka welcomed the opportunity afforded by this symposium to partner in this important 
ƛƴƛǘƛŀǘƛǾŜΦ ¢ƘŜ ǇŀǊǘƴŜǊǎƘƛǇ ƘƛƎƘƭƛƎƘǘǎ ƛǘǎ ŎƻǊǇƻǊŀǘŜ ōŜƭƛŜŦ ƻŦ άŘƻƛƴƎ ǿŜƭƭ ōȅ ŘƻƛƴƎ ƎƻƻŘέ ŀƴŘ ǊŜƛƴŦƻǊŎŜǎ ǘƘŜ ¦ƴƛƭŜǾŜǊ 
Sustainable Living Plan that identifies ways in which it can enhance positive social impact in a manner that is 
environmentally and economically sustainable. The intent is to decouple growth from environmental impact and the 
Unilever goal is to halve the environmental footprint of its product base while doubling its business. The Unilever-Pureit 
vision is to improve the lives of 500 million people by providing access to safe drinking water. This event should not be 
just the first but the beginning of many initiatives to making the world a more sustainable one. 
 
Referring to the main findings of the IPCC in his keynote presentation, Prof. Munasinghe stated that the increasing 
ecological footprint of human consumption and poverty linked to unfair world income distribution is now further 
ŎƻƳǇƻǳƴŘŜŘ ōȅ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ ¢ƘŜ ƛǎǎǳŜ ƻŦ ǘǊƛǇƭŜ ŎǊƛǎƛǎ ōǳōōƭŜǎ ƛǎ ŘǊƛǾŜƴ ōȅ ƎǊŜŜŘ ǿƛǘƘ ǘƘŜ Ƴƻǘǘƻ ΨŜƴƧƻȅ ƴƻǿ Ǉŀȅ ƭŀǘŜǊΩ 
resulting in a few getting rich quickly and many innocents, mainly the poor, paying a heavy price afterwards. The 
importance of sustainable water resources management (SWARM) was emphasized along with the challenges and 
opportunities afforded. The global water scarcity and our own falling per capita variability compounded by high 
pollution, wrong values driving unsustainable development and the need for application of sustainable water pricing 
principles were highlighted by him, as were a range of climate change predictions for Sri Lanka with implications for 
attainment of development goals. 
 
The Hon Minister, in his speech, said that he was very happy to participate at an event such as this. Sri Lanka had recently 
experienced water related crises and extreme events attributed to climate change.   
 
He stated that Sri Lanka has to be prepared for such an eventuality and one way to do this is by building resilience 
through capacity development of the poor who suffer the most due to poor water security. Young water professionals 
can play a key role at this juncture. We need to become a water sensitive society trained to understand the importance 
of conservation from our early years. Young professionals can become conduits of information especially to other young 
persons and school children.  To ensure that communities are strengthened to take up these challenges thewater sector 
needs to make sure that women, who constitute more than half the population and are usually ignored in the water 
sector, are fully integrated into the decision making process. Here, too, women water professionals have a vital role.  
 
Over one sixth of the population in Sri Lanka obtain their water supply from 3500 community based organization (CBO) 
schemes run by volunteers. The role of CBOs in the management of these systems must be recognized and strengthened. 
As the state agencies alone cannot bear the full responsibility for developing the capacity of these CBOs young 
professionals need to participate in this endeavor. It is important that senior water professionals support such initiatives 
and encourage young professionals to contribute to mainstream water supply decision making and policy. The Minister  
wished the symposium all success. 
 
The Technical Sessions followed immediately after the inauguration. 
 

Technical Session 1 
Session Chair: Ms. Badra Kamaladasa  
Rapporteur: Mr. M. M. Aheeyar 
Ms. Kamaladasa in her opening remarks said that as the Director of Irrigation, she was happy to be present at the first 
ever symposium of young water professionals and to be chairing its first technical session. She said that this symposium 
provides a forum not only for presenting research findings but also an opportunity for networking. She said that it is very 
encouraging to see professionals from many areas of the water sector coming together. Their presence would encourage 
the young professionals   to collaboration and cooperation among them and would go a long way in the development of 
water resources in Sri Lanka. She was confident that this initiative would be continued in the future.  
 
Six papers were presented at this session. The first presentation addressed the theme Improving Water Delivery focusing 
on management information systems using synthetic aperture radar in the Kelani and Kalu Ganga. The next four 
presentations addressed the theme Optimizing Water Utilization, with the first of these focusing on water quality and 
delivery covering safety and acceptability of drinking water supplied from irrigation tanks; the second on health and 
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sanitation dealt with the findings of a study in the Mahaiyawa slums in Kandy on knowledge, attitudes and practices of 
urban poor women on water and sanitation; the third on irrigated agriculture focused on sustainable use of run off 
harvesting tanks in small holder farming systems  in the Vellaveli area of Baticaloa; and the fourth on the impact of 
extensive agriculture on groundwater chemistry in the eastern part of Sri Lanka. The final presentation of the first 
technical session was on Improving Water Delivery and dealt with the importance of water as a construction commodity 
in infrastructure construction and management. 
 

Day 2 
Session 2 
Session Chair :Dr. Herath Manthrithilake 
Rapporteur :Dr. Deepthi Wickramasinghe 
The seven presentations in this session addressed several themes that included optimizing water utilization with a focus 
on water quality, health and sanitation, groundwater, water delivery and technology options and new technology, 
environmental sustainability focusing on environmental degradation and mitigation, and good governance.  
 
The first presentation which was on chronic kidney disease of unknown origin(CKDU) in Sri Lanka in the region of 
irrigation reservoirs which was first noticed in the 1990s pointed out that thecontamination of groundwater due to 
aggregation of irrigation water around main tanks and canal couldbe  the possible cause of this disease. 
 
The second presentation covering the aspect of technology options under the theme of water delivery discussed the 
effect of water absorbent material, super polymer, to provide water for agriculture, specifically the growth of tomato 
under plant house conditions and that it should be used optimally to maintain the water retention capacity of the soil. 
 
The third presentation addressed the issue of climate change adaptation and risk/drought management under cross 
cutting themes. The first presenter who looked at climate change discussed the severe drought conditions in the period 
after 2009 in Hambantota when no irrigation scheme was able to cope with the problem and the resultant socio 
economic impacts of drought on farming community.  The presenter stressed the importance of managing water to 
mitigate the effects of drought. 
 
The next presentation on the impact of agricultural activities on groundwater quality and its sustainability for drinking in 
Valikamam area in Jaffna peninsula addressed the theme of optimizing water utilization covering groundwater and water 
quality issues. 
 
This was followed by a presentation on the importance of addressing water related issues through a rights based 
approach in the Sri Lankan context: right to water, under the theme of good governance focusing on legal aspects. The 
fundamental right to water which is a human right was the focus of this presentation. The presenter discussed how 
water could be preserved to safeguard life, eco systems and the environment through such an approach. 
 
The sixth presentation under the theme of environmental sustainability discussed the degradation of the Maha Oya 
system which has river and coastal related problems and the consequent impact on communities.  
 
The final presentation of this session was on the use of local technology to remove hardness in water in the Jaffna 
Peninsula under the theme Optimizing water utilization, water quality and improving water delivery. 
 

Session 3 
Session Chair :Prof. Nimal Gunawardena 
Raporteur :Dr. M.M.M. Najeem 
5ŀȅ ǘǿƻΩǎ ǇǊƻƎǊŀƳƳŜ ŎƻƴǎƛǎǘŜŘ ƻŦ ǘƘŜ о

rd
 session, the panel discussion and closing remarks.  

 
The ten papers that were presented covered the themes of optimizing water utilization, and focused on water quality 
issues, health, sanitation and urban planning, improving water delivery, groundwater, and technology options. Three 
presentations covered cross cutting themes of environmental sustainability and climate change adaptation and risk 
management.  
 
The first presentation under optimizing water utilization and water quality discussed the findings of a study carried out to 
detect and identify the presence of P. aeruginosa in bottled water and identify and evaluate the efficacy of ultraviolet 
(UV) radiation in eliminating it in source water used in the bottling industry. 
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The next presentation under the above theme but addressing health/sanitation was a case study of a small town in the 
periphery of Kandy where the water and sanitation infrastructure and practices of people impact the pollution of a 
perennial stream.  
 
The study that was presented next covered  a cross cutting thme, being  an assessment of the social and environmental 
impacts of intensive agricultural activities in the Nuwara Eliya area and the usefulness of applying Integrated Water 
Resources Management (IWRM) concepts to overcome the resultant existing environmental and socioeconomic 
problems.. Sanitation was the focus of the next presentation that discussed the underlying causes of poor sanitation and 
related fecal contamination and policy issues related to sanitation and water pollution management under the title 
Analysis of Priorities in Achieving Environmentally Safe Sanitation: A Note for Policy Reformation in Sanitation and Water 
Nexus. The findings of a study to assess whether the water treatment plants at the University of Peradeniya, Polgolla and 
Matale were adhering to the required water quality standards was also presented. 
 
A a presentation on impact of over extraction and improper agricultural practices on groundwater quality in the Puttalam 
area was followed by  a pilot study  on heavy metal pollution and burden of aquatic animal heatlhin an urban wetland 
through the onsequences of heavy metals in Euphlyctus hexadactylus (Indian Green Frog)  
The next presentation of the morning session was titled Quantification of Potential Impacts of Urban and Peri-urban 
Agriculture and Forestry under the cross cutting theme of climate change adaptation and risk management suggested 
that urban and peri-urban agriculture and forestry are viable options to mitigate climate change.  
 
The effect of climatic factors on the mortality rate of CKD-U was presented by comparing monthly temperature, rainfall, 
water capacity of reservoirs, water issue patterns and farming seasonality with monthly mortality of CKD-U over a period 
of 10 years. The presentation titled The Role of Environmental Factors on the Pathogenesis of Renal Failure, again under 
the theme of environmental sustainability and heath/sanitation also addressed aspects of capacity building in water 
resources.  
 
This was followed by a presentation on sanitation titled An Iconoclastic View of Sanitation in Modern Sri Lanka 
highlighting the need for looking at sanitation infrastructure, toilets and fittings from a non-traditional and location 
specific perspective. A critique of the now established and standardized pour/flush system used without reference to 
suitability at all locations was a key focus of the presentation.  
 
The last presentation was from the private sector and covered optimum water utilization and technology options and 
sustainable use through study of water use at the Unilever Plant in Horana. Reuse and augmenting supplies through use 
of rainwater harvesting was highlighted in this presentation.  
 

Summing Up of Technical Sessions 
The chairpersons of the technical sessions commended the presenters for their excellent, delivery and research outputs.  
These were basically long term research studies that had been carried out mainly in academic institutions. The 
methodologies that have been followed are comparable to methodologies used in other parts of the world. Therefore it 
is difficult to dispute these findings. What is i important  however is to make use of these findings to promote action to 
ensure an impact.  
 
That is where, perhaps, Net Wwater, IWMI, Sri Lanka Water Partnership and other organizations can sythesise the 
information and continue to feed the public and the policy makers to inform them that the situation is bleak and that 
action has to be taken. The politicians have to be adequately sensitized to impress upon them that the situation with 
regard to the natural resources of the country cannot be ignored any longer.  
 

Panel Discussion 
Current Challenges in the Role of YWPs for Transformational Impact Outcomes in the Sri Lanka water sector was the 
theme for the panel discussion at the Symposium. The panelists were Dr. Meredith Giordano of IWMI, Prof. Ajith de 
Alwis, Mr. Nalaka Gunawardena and Mr. Missaka Hettiarachchi, the latter representing the young water professionals. 
 
The first panelist, Dr. Merdith Giordano / IWMI focused on the global perspective of some of the challenges and issues 
that had been discussed during the presentations. She shared the lessons learnt through a project that she was involved 
in in Africa and South Asia on smallholder agriculture and identified some key lessons that will build on the challenges 
that many had posed during the presentations. 
 
The project referred to had looked at the opportunities and constraints that small holders in sub Saharan Africa and 
South Asia are facing in private irrigation, the use of water pumps, manual water lifting devices and the role of small 
private irrigation. She said that on the positive side there are opportunities for smallholder farmers to use water to 
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improve livelihood through small private irrigation. Data had been collected to support the livelihood benefits that they 
get as a result of having water for cultivation. Several models had also been developed to project the potential for the 
smallholder agricultural sector in sub Saharan Africa and South Asia and in a number of other countries. 
 
The project had also assessed the constraints that farmers are facing. Although there are opportunities for small farmers 
to improve their livelihood through small private irrigation, many rely on manual methods to access water and that limits 
the extent of land that can be cultivated and the amount of incomes that can be generated. Moving into more 
mechanized systems is hampered by gaps in information as well as the lack of financial resources. 
 
Prompted by a query by the Gates Foundation when seeking financial support for the project as to what could be done if 
there is potential but farmers face practical difficulties, Dr. Giordano said that farmer driven solutions were used to 
address this problem. In this case, some farmers were buying one or more pumps and providing mobile irrigation 
services on bicycles to those who could not afford to buy pumps. This was providing an income to the entrepreneur, the 
irrigation services provider as well as an additional income to the farmers themselves. Next, the donor had asked them 
to visualize a solution that could be applied on a broader scale, that is basically taking a solution that they found through 
the research in particular locations in Gujarat, India and Burkina Faso and to upscale it. Through that visualization and a 
lot of trial and error they had come up with an investment model where investors themselves can push forward the idea 
of that irrigation model to other parts of the world.   Where is it feasible to do, how feasible is it to do, and specifically 
what could an investor, a government agency or a donor do to make this solution a reality?  
 
She said that it was this challenge that she would like to leave with the young water professionals and others. She said 
that the research, data collection and analysis should be continued, but at the same time, she urged them to visualize, as 
they had done when challenged, how the research findings can be turned into solutions to improve livelihoods of people 
all around the world.  
 
The next panelist Prof. Ajith de Alwis said that the data shows the seriousness of issues confronting us. Global 
organizations have forecasted that by 2030 water, food, and energy requirements will increase by 50%, 50% and 30% 
respectively over current levels. These requirements will have to be met while trying to curtail a one degree rise in 
climate and these are all interconnected. One million people will be added every 11 years. These are enormous 
challenges. Locally too, the issues and challenges are the same. It appears that Sri Lanka has not done the basics. Taking 
the example of the chemical industry, he said that more and more chemicals are being pushed into the domain. There 
are more than one million known chemicals; more than one lakh of chemicals used in industrial processing come into 
commercial use. And each one of these chemicals finds their way into the environment.  
 
Citing another example, he said that medical studies undertaken by 3M found some unusual compounds in the blood 
samples of their workforce. These were associated with Teflon cookware. Similar compounds detected in faraway places 
as well showed the extent of environmental accumulation through the spread of these chemicals. Effects of these 
chemicals are not fully known. Though there is no conclusive evidence it is suspected that these compounds can 
contribute to chronic kidney diseases. These are the complexities that occur with what we bring into use, when they are 
disposed of and re-consumed.  
 
He said that there is the argument that environmentally sound practices cannot be achieved because of cost. Referring to 
sanitation, he said that UDTV had existed long before Abhayagiriya and Thapovanaya had UDTV. Sanitation practices in 
the early centuries were better than now but the country seems to have lost its way in the middle. Pour flush toilets are 
now fashionable but sanitation is unsatisfactory and Sri Lanka is nowhere near the 21

st
 century. Sri Lanka had better 

sanitation practices in the early centuries, but the country seems to have lost its way in the middle. And that, he said, is 
not right. 
 
The young water professionals, therefore, should take up this challenge ς look at the past, the present and the future 
that the country is heading to, not only through organizational aspects but also more importantly by strengthening the 
efficiency of the actions that are being undertaken and engaging effectively.  
 
He said that science should match societal needs. Even when promoting UDTV it is necessary to study the way a person 
thinks and develop the technology in a way to make it the best that has been socially fashioned.  
 
It is necessary to close the loop in thinking, and not think in compartments. Economists try to make a profit in one 
segment while paying a huge price in another. Sanitation, needs of water, energy and food are sacred to society, any 
society.  Self-reliance and stability depend on those things. It appears that some of the fundamentals are forgotten. 
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For example Sri Lankan activated carbon is exported but it is inconceivable that Sri Lanka prefers to sell it for a dollar 
rather than for a rupee and consequently pay a big price to solve internal health issues.  
 
Several challenges have to be addressed. It may not be possible to do this in a day, but it is necessary to constantly raise 
the issues and identify what has to be addressed.  Research alone is not enough for this purpose. Advocacy is essential. 
Research has to be converted into action. Data has to be collated, packaged and presented in an easy to understand 
format to get the attention of the policy makers. He said that success may not come in a day or even in a year but if 
young professionals persist they will succeed.  
 
Mr. Missaka Hettiarachchi who represented the young water professionals in the panel discussion said that he would 
highlight some issues from a different perspective, from the view point of young water professional. Young water 
professionals in Sri Lanka as well as around the world face extreme challenges. However, he said that Sri Lanka is not up 
to facing these challenges. Young professionals fear that they may not be able to take up these challenges. There are 
several reasons for this.  
 
First, there is a serious lack of mentoring of young professionals both in terms of achieving professional goals and getting 
adequate technical skills. Mr. Hettiarachchi said that as an engineer he was fortunate to have mentors such as Prof. 
Alwis, but most of the other young professionals are not as fortunate. They are unable to achieve their fullest potential. 
For example, most of the graduates do not even get the proper guidance to obtain the charter. 
 
Further, they do not acquire the skills to work in the field. He compared the current situation with those who were 
ǘǊŀƛƴŜŘ ƛƴ ǘƘŜ мфтлǎ ƻǊ ŜŀǊƭȅ мфулǎ ŀƴŘ ǎŀƛŘ ǘƘŀǘ ǘƻŘŀȅΩǎ ǇǊƻŦŜǎǎƛƻƴŀƭǎ Ƴŀȅ ƴƻǘ ŀŎƘƛŜǾŜ ǘƘƻǎŜ ǎǘŀƴŘŀǊŘǎΦ ¢Ƙƛǎ ƛǎ ŀƭǎƻ 
because there is no mentoring.  
 
Secondly, young professionals are confronted with disincentives. What Sri Lanka has done most successfully with regard 
to young professionals is to export them to developed countries ς Sri Lanka is one of the biggest exporters of 
professional talent in the world.  
 
There are disparities in remuneration for the same skills. He said that not all professionals are focused on money, even 
those who come from not so strong economic backgrounds. However, those who receive lower salaries do not even 
receive other benefits that can compensate for lower remuneration. 
 
The third issue is one of opportunity. Most of what was discussed during the symposium are actions that can be taken 
without a large monetary outlay. They are localized initiatives that can be implemented with community participation. As 
Unilever pointedout much can achieved at the shop floor, that is at the lowest level. A substantial amount of work has 
been done in the academic sector including by students and young researchers. A spectrum of innovations that can be 
applied directly has been developed by the undergraduates and post graduates of the University of Moratuwa. However, 
there is a gap and some friction in getting these innovations and inventions into commercial use including industry and 
communities. Young professionals can contribute if they are given the opportunity.  
 
The last panelist, Mr. Nalaka Gunawardena said that he adopts a different perspective on the theme and issues because 
his background is in journalism and media. He said that at one level the media covers the bigger picture while at another 
level it is showing things as they are and connecting the dots when the connections are not very clear. 
 
All work in the water sector, private and research and academic sectors, and many are technocrats and managers of 
different aspects of this large water sector. He said that one of the things that he as a science writer and as an occasional 
television host has to do is to talk to people such as water professionals and to connect their expertise and experience to 
some of the policy debates and discussions that are going on. That is often a challenge to those in the media and to 
others such as water professions to relate their knowledge and expertise and experience to the unresolved questions 
and debate. He said that that is the nexus, interface where media personnel come in.  
 
bŀƭŀƪŀ DǳƴŀǿŀǊŘŜƴŜ ǎŀƛŘ ǘƘŀǘ ƻƴŜ ƻŦ ǘƘŜ ǇƘǊŀǎŜǎ ǘƘŀǘ ƘŜ ƘŀŘ ōŜŜƴ ǳǎƛƴƎ ƛƴ ǘƘŜǎŜ ŘƛǎŎǳǎǎƛƻƴǎ ƛǎ ά9ǾŜǊȅōƻŘȅ ƭƛǾŜǎ 
ŘƻǿƴǎǘǊŜŀƳέΣ ǿƘƛŎƘ ǎǳƳǎ ǳǇ ǿƘŀǘ ǘƘƛǎ ǎŜŎǘƻǊ ƛǎ ŀōƻǳǘΦ  
Each and every one in turn has a downstream impact on the other. The interconnectedness and the multiple dimensions 
of this sector makes it not only a very interesting area to study and work in but also very challenging to find the niche and 
to relate the particular knowledge to the wider discussion.  One of the challenges that young water professionals face is 
that of balancing self interest in such discussions with the larger public interest. How, he asked, is it possible to get a 
more rational and informed discussion on water related issues in Sri Lanka. This is very challenging. Water is one of the 
topics where passions and emotions are aroused very easily and discussions become very heated. An informed and 
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dispassionate discussion is often not possible or does not happen. He said that one of the points he wants to raise at this 
discussion is how professionals along with the media can enrich the debate.  
 
One possible way to do this is to understand public perceptions, which are very different to public knowledge. There are 
different ways of measuring and evaluating knowledge. Perceptions are what people think, feel or they think they know. 
Whether it is technically or scientifically right or wrong, it is necessary to pay more attention to this area of public 
perceptions because that influences how people react to situations, the formulation of new policies and regulations 
while they also set the political agenda. In a democracy politicians first look at their electorate, at the mass voting base 
and, then, perhaps if they are sympathetic enough they will talk to experts or researchers such as those gathered here 
today.  
 
tŜƻǇƭŜ ǊŜŀŎǘ ǘƻ ǘƘŜƛǊ ǇŜǊŎŜǇǘƛƻƴǎ ŀƴŘ ǇƻƭƛǘƛŎƛŀƴǎ ǊŜŀŎǘ ǘƻ ǇŜƻǇƭŜΩǎ ǎŜƴǘƛƳŜƴǘǎ ŀƴŘ ŜƳƻǘƛƻƴǎ ŀƴŘ ǇŜƻǇƭŜ ƛƴ ǘƘŜ ƳŜŘƛŀ 
shape public perceptions by capturing it, amplifying it and sometime confusing them even further. Media is part of the 
problem but it also can be a part of the solution. 
 
Therefore studying public perceptions is necessary but it is not happening partly because it is not a well-developed field 
in this country. Very few surveys and studies have been done exclusively on public perceptions although there are a few. 
However, there are no studies that look at the broader picture and gather information on without making judgments. 
This is not happening because such studies fall between different research silos and tools.  
 
One example, or rather an exception, was the study done in 2010 on public perceptions on climate change in Sri Lanka 
(full report is available online).  The study was commissioned under the Sri Lanka climate adaptation strategy preparation 
process of the Ministry of Environment with the help of a professional market research company.  One thousand persons 
from all districts of Sri Lanka, from all demographics over 18 years were surveyed for what they felt about land, water, 
weather, and the changes they have perceived if they lived in the same area for 10 years or more. One of the questions 
asked was, what in their own understanding, would be the impact of climate change and changing weather in the long 
term. Very interestingly the top three answers were water shortage cited by 87% of respondents, drop in food 
production cited by 68% while the third most cited answer was health problems triggered by abnormal weather. 
Therefore, there is a widely felt concern that water short shortage would be a likely impact of climate change.  These are 
ordinary people ς farmers, shop keepers, school teachers, housewives ς not technical persons although there were a few 
as respondents were selected through random sampling.  
 
Perceptions like these cannot be analyzed too deeply because that would be misleading but at the same time taking note 
of such perceptions would be very useful.  
 
It is necessary to have more social scientists, anthropologists working with the natural science experts in trying to 
capture and understand what these perceptions mean and also how they inform and influence politicians and finally 
policies. 
 
There is the conflict between factual accuracy and perceptions. It is interesting to see what is thrown up when these two 
collide. One example that Mr. Gunawardena cited was the sanitation debate in India after the 2011 census which 
reported that there were more mobile phones than toilets in the country. This had triggered many headlines and 
discussion including in the mainstream and international media. It had become a one liner. But there was no deeper 
probing. Interpretation of the data depends on those interpreting it ς whether activists or journalists come into the 
debate. Activists and certain development professionals say it is a bias in public policy; others say that it is cultural ς 
people would much rather spend their last dollar or rupee on a mobile phone than on a toilet. However, in the end 
people are not so simplistic and society cannot be so simplistically analyzed. It is necessary to look behind the headlines. 
aǊΦ DǳƴŀǿŀǊŘŜƴŀ ǎŀƛŘ ǘƘŀǘ Ƙƛǎ ƴŜȄǘ ŎƻƭǳƳƴ ƛǎ ǘƛǘƭŜŘ Ψ¢ƻƛƭŜǘǎ ƻǊ /Ŝƭƭ tƘƻƴŜǎΚ ¢ƘŀǘΩǎ ǘƘŜ ²ǊƻƴƎ vǳŜǎǘƛƻƴΩΦ ¢Ƙƛǎ ƛǎ ŀ ǾŜǊȅ 
misleading and unfair comparison. It distorts and distracts the whole debate from the real issue. Unmet sanitation is a 
very real issue.  It has no direct bearing on the communication needs of people, including poor people. Trying to 
artificially connect the two and do a comparison is in fact blocking real issues.  
 
He gave another example, that of recent heated activist reactions in Sri Lanka on a perceived tax on groundwater usage. 
He said that he is not sure where the debate was left off. Most often groundwater is usually out of sight and therefore it 
does not enter the discussion unless an issue comes up and then even a rational policy does not have the chance of being 
debated properly because of the very activist positions that are taken on this widespread concern. Groundwater misuse 
is common and there is data to show that and when trying to rationalize use, there are vocal groups who get in to the 
spotlight and distort the discussion. He asked what water professionals can do in such a situation. 
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He presented two concluding thoughts. One, the water professionals have data and insights that would enrich these 
debates and discussion and make it more meaningful. The stakeholders who are not technically well versed may not ask 
the right questions to elicit answers. Therefore it is necessary to go out and find the people and relate the expertise and 
answers to the needs that are out there. He said that it means going out of the comfort zones and areas of expertise of 
the young water professionals and entering the wider debate. It may not be very pleasant, it is possible to get vilified and 
labeled especially when talking about costs of water supply. But, Mr. Nalaka Gunawardena said the activist should not be 
feared - they have a particular point of view- but rather they as well as other stakeholders should be engaged in the 
water debate. It is necessary to have more water voices, new voices, passionate informed voices to enrich these debates. 
The challenge to the young water professionals is to become a water voice.  
 
The second challenge is to collaborate more with social scientists, market researchers to better understand the nebulous 
area of public perceptions. Why do people fear something? Why do they have distorted ideas or understanding of 
certain aspects of water, land and the environment?  Rather than dismissing them as ignorant and scoffing at them he 
said that it is necessary to understand them. That will perhaps enable young water professionals to be a better water 
voice. He hoped that at least some of the young water professionals will take up these challenges. 
 

Discussion 
On behalf of SLWP Mr. Lalith Dassanayake thanked all four panelists for the valuable insights presented at the conclusion 
of the symposium, but more importantly for setting the stage for the beginning of a new era for young professionals.  
 
It was mentioned more than once at the inaugural session that it was a historical day. Why? Because it is the first young 
water professionals symposium.  
 
IWMI and Lanka Jalani have a responsibility from today onwards to see that this process moves forward. Mr. 
Dassanayake said that the young water professionals are an extremely valuable asset of the country. Before we or Sri 
Lanka loses them it is necessary to think strategically of the next step. All the professionals here, as well as those who are 
not here, are in their peak with25 to 30 years left in their career. He said that we are investing in a pot of gold and 
consequently we have to recognize them and their work. Most of the actors ς the academics, media, the private sector, 
government agencies, researchers, the scientists, the development practitioners are represented here but more 
importantly there are more professionals who are not present here. It is for IWMI and Lanka Jalani to take the lead to 
priorities and strategiesand to take the process forward.  
 
He gave two suggestions.  There were 24 presenters in this first symposium. But, he reiterated that there are many more 
professionals and they have to be recognized. Perhaps it would be possible to have more symposia, in different formats 
such as thematically and geographically, and to develop the data base. 
 
Second, the research output is available but it is the impact of the research that is more important. Although the impact 
may come after our life time the next step would be to use the research output for a development outcome. The 
Challenge Programme at IWMI does not refer to research and development but refers to it, as the private sector would 
do, as R for D, research for development. An important area is gap analysis. A few themes were covered in the 
symposium but many more issues in the water sector have to be addressed. Research has been done but the gap analysis 
will show what more needs to be done. Therefore, the format and a process have to be identified and Mr. Dissanayake 
hoped that IWMI and Lanka Jalani will take it upon themselves, as a priority, to take this symposium into the future.  
 
A media representative said that she appreciated the presence of Mr. Nalaka Gunawardena, who represented the media. 
She said that the way the media, especially the way the electronic media presents issues relating to water lead to public 
protests. Therefore a greater involvement of the media is needed to report issues properly and to change the 
perceptions of people and institutions and policies. 
 
Chair SLWP said that the panel was very insightful and the discussion generated many ideas. She questioned as to who 
decides on water in Sri Lanka ς is it the professionals, the politicians or the politicians pushed by the media. What has to 
be done to get the required change, she asked, as we need a paradigm shift in the sector?  
 
Mr. Nalaka Gunawardena said that as in many other debates there is no quick fix. But he said that it is important to start 
engaging in the public space, not within the private space and among peer groups. It is hazardous no doubt but a few 
people are taking up these issues. For example, the book titled Apita Galapena Arthika Kramaveda  by Prof. Rohan 
Samarajeewa is an attempt to demystify the big infrastructure related public policy dilemmas and debates, one of which 
is water. It looks at a range of issues from dams to groundwater to urban water supply and addresses in concise form 
contentious areas and gives an opening for others to intervene in the inconvenient truths that the water professionals 
have, which do not fit into preconceived, romanticized, notions of activists.  
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The problem with activists is that they have already decided and made up their minds. They would not let evidence get in 
the way of their theories and notions. How does one, as those who get evidence, analyze data and engage, particularly 
the activists?   
 
They are disproportionately represented in debates on television channels, talking to the mass circulation newspapers, 
media. There is no counterbalancing voice, a more rational voice.  
It is a slow, difficult process, especially on television, where the art of the sound byte holds sway and everything has to 
be said fast and precisely in a couple of seconds. Government proposes, activists oppose and the public is confused. The 
nuances have to be brought out as everything is not black and white. He said to work with the media for long term gain.  
 
Mr. Lalith Dassanayake once again thanked the four panelists, who had given ideas to take this initiative forward, and 
hoped that the four panelists could be engaged in future deliberations.  
 

Closing Remarks 
Kusum Athukorala, Chair SLWP and Chair of the YWPS Organizing Committee made the closing remarks.  She started by 
thanking the sponsors without whose support this symposium could not have been held. She said that when the Sri 
Lanka Water PartƴŜǊǎƘƛǇ ƳƻƻǘŜŘ ǘƘŜ ƛŘŜŀ ƻŦ ŀ ȅƻǳƴƎ ǿŀǘŜǊ ǇǊƻŦŜǎǎƛƻƴŀƭǎΩ ǎȅƳǇƻǎƛǳƳ ŀƴŘ ƴŜŜŘŜŘ ǎǇƻƴǎƻǊǎ ǿƘƻ 
understood the logic, the ideology, and the need to have a symposium of this nature to carry it forward, it was fortunate 
that the International Water Management Institute and Unilever Sri Lanka came on board.   
 
She then invited Mr. Lalith Dassanayake of IWMI and Mr. Udith Perera representing Unilever to address the gathering. 
 
Mr. Lalith Dassanayake from IWMI and Member of the YWPS Organizing Committee said that the inspiration for this 
symposium came from an idea/event that was held last year in Johannesburg for the Challenge Programme on Water 
and Food. He said that it is very gratifying not only to see the work of the young professionals but also the effort and the 
time they had spent in preparing for the symposium. He reiterated that those who are not present here also have to be 
recognized. He said all have a responsibility to position themselves and move the process forward. 
 
In conclusion he thanked Unilever and Mr.Udith Perera, IWMI, Sri Lanka Water Partnership and all the professionals who 
made the event a success. He hoped that it would be possible to take this historical event forward for the betterment of 
the young water professionals and the people of Sri Lanka. 
 
Mr. Udith Perera said that Unilever strongly believes that in doing business it is possible to do well by doing good.  He 
said this is a part of the sustainability living plan of Unilever. They are concerned not just about the supply chain and 
manufacturing, but also about the consumers who use products that cause a lot of environmental damage.  
 
Unilever, as a business has given a global commitment of halving its environmental foot print while doubling its business. 
Sustainability is at the centre of Unilever business. It is in this context and to save lives by providing access to safe 
drinking water that Unilever- Pure was launched. He said that it was a pleasure to be at the symposium as a 
representative of Unilever and to see it through with many young water professionals presenting solutions to the 
problems that Sri Lanka faces.  
 
Sri Lanka has an abundance of water: it is one of the best resources that Sri Lanka has but there are limitations. Mr. Udith 
Perera who said that it has been inspiring partnering this event gave an assurance that it will not be the last and their 
support will continue into the future. Unilever will be committed in supporting initiatives that will do good that will also 
help Unilever, as a corporate entity, to achieve the sustainability mission it has set itself. 
 
In conclusion, Ms. Kusum Athukorala said that the presentations and the papers will be evaluated and the awards given 
at the Partner Forum to be held on the 18

th
 of December 2013. 

 
She thanked Ranjith Ratnayake, Renuka Jeya Raj, Deepthi Wickramasinghe, Pramith Ruwanpathirana, Thakshila 
Premaratne and Mala Ranawake, the team responsible for organizing the symposium. She said that it was a small team 
that was very good at multitasking. 
 
The final comments of Kusum Athukorala included the following: 
 

1. There is very little understanding about the relationship between juniors and seniors and how professions 
and knowledge are handed down from one generation to another. There is no formalized structure of 
mentoring and coaching. Although water professionals are from a particular culture, as pointed out by Mr. 
Gunawardena, it is necessary to work with anthropologists, media and others who are outside the water 
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sector (though actually no one is outside as the water sector is all encompassing and they are inside). 
However, the connection between science and social science is not so clearly understood. Therefore, 
multidisciplinary papers should be included in future symposia.  
 

2. The research that was presented is good for evidence based advocacy, especially for the advocacy that the 
Sri Lanka Water Partnership engages in. Giving an example, she said that before the Sri Lanka Water 
Partnership engaged in advocacy for sanitation it had done a survey of the entire Central Province. Similarly 
in Deduru Oya. SLWP engages in evidence based advocacy, and in this context the work that has been done 
by the young professionals is invaluable. 
 

3. It is necessary to go to the field and engage with communities. 
 

4. In 2000, the World Water Forum took the decision to access political decision makers. The work that is 
ŘƻƴŜ ƛǎ ǳǎǳŀƭƭȅ ŘƻƻƳŜŘ ǘƻ ǎƛǘ ƛƴ ŀ ōǳǊŜŀǳŎǊŀǘΩǎ ŎǳǇōƻŀǊŘ ŀƴŘ ƴŜǾŜǊ ƎŜǘǎ ǘǊŀƴǎƭŀǘŜŘ ƛƴǘƻ ŀŎǘƛƻƴΦ ¢ƘŜǊŜŦƻǊŜΣ ƛǘ 
is necessary to convert the research that has been done into good communication messages in easily 
digestible capsule form for both politicians and the general public.  IWMI has the expertise to get the 
message out to those that matter.  
 

5. Social change is possible. Sulab in India is a good example, where Dr. Pathak, took it upon himself to 
address open defecation and the sanitation problems facing low caste and low income groups in India. 
Also, there are people in India who now say that no one should marry into a family that does not have a 
toilet! Social change is possible but all have to work together to bring about social change  

 
All those present at the First Young Water Professionals Symposium agreed that it was a much needed innovative 
initiative to provide recognition and encouragement to a valuable resource that is available to Sri Lanka in meeting the 
challenges of the water sector. The presentations were diverse, informative and contained valuable data; the viewpoints 
expressed were frank and open and the discussions were constructive. It is hoped that the symposium will be the starting 
point for continued dialogue and collaboration, resource sharing and networking and greater involvement of young 
professionals in the water sector.  
 

Awards for Three Best Presentations 
Three awards were announced, two by SLWP for the two best papers/presenters at the symposium and the third by 
Unilever for best paper/presentation on water quality. A three member Awards Committee evaluated the presentations 
made while the rankings of this committee and that of the Technical Committee with respect to papers submitted were 
collated for final selection. 
 
The SLWP awards were to sponsor the two selectees to participate at a regional water event, while the Unilever award of 
sponsorship to the value of Rs 100,000/- would cover participation of the awardee at an appropriate water event subject 
to the concurrence of Unilever and SLWP. 
 
Ms. Sutharshini Arasaratnam was ranked first based on her paper and presentation on Impact of agricultural activities on 
groundwater quality and its suitability for drinking in Valikamam area, Jaffna Peninsula. 
 
Ms. Indika Gunawardena was ranked second for her paper and presentation on Analysis of priorities in achieving 
environmentally safe sanitation: a note for policy reformation and water nexus. 
 
Mr. K.D.A. Samaraweera received the award on water quality by Unilever for the paper and presentation on Impact of 
extensive agriculture on groundwater chemistry in the Eastern part of Sri Lanka 
 
All three were presented with Letters of Award at the SLWP Partners Forum on 18th December 2012 held at Hotel 
Galadari. 
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ABSTRACT 
Kelani ganga and Bolgoda basins are adjacent basins within the wet zone of Sri Lanka and are subject to frequent floods 
specifically, during the southwest and second inter monsoon episodes. The main goal of this research is to develop a 
flood extent map from a series of Synthetic Aperture Radar (SAR) images for the downstream area of the two above-
mentioned basins. For this study we have employed a series VV polarized Advanced SAR (ASAR) Image Mode (IM) images 
collected in the period from 2005 to 2007 for mapping of the flood extents. 
 
From the series of ASAR IM products, image of the time series statistics (mean, standard deviation, minimum and 
maximum) were derived. Then, colour composites were created to better visualize the various landscape features within 
the study area. The major land cover categories in the study area were identified with the help of high resolution optical 
images. Four land cover categories could be identified, which are open water, periodically flooded area, non-flooded 
area and urban area. Supervised maximum likelihood classification technique was usedto extract this information from 
the time series statistical parameter images and the overall classification accuracy and kappa coefficient were observed 
to be 88.35% and 0.84, respectively. In addition to the reliable accuracy, periodically flooded area (PFA) was found to be 
in good agreement with the DEM and land use data.  
 
To study the flood effect of the study area with respect to the rainfall inputs, temporal variation of mean ˋ  ƻŦ ǘƘŜ tC! 
was analyzed for individual ASAR images and for sequences of five consecutive ASAR images over the period 2005 to 
2007. /ƻƳōƛƴŀǘƛƻƴǎ ƻŦ ǘƘǊŜŜ ŦŀŎǘƻǊǎΣ ǿƘƛŎƘ ŀǊŜ ǊŀƛƴŦŀƭƭΣ ƳŜŀƴ ˋϲ fluctuations of the PFA and classified images suggest 
that three flood vulnerability zones can be distinguished: Zone A, Zone B and Zone C. Zone A consists of southeast part of 
the Bolgoda basin and has high vulnerability to flood. Zone B consists of south of the Bolgoda basin and downstream 
area of the Kelani ganga basin and has moderate vulnerability to flood. Zone C has low vulnerability to floods and 
consists of northeast part of the Bolgoda basin.  
 

INTRODUCTION 
Kelani ganga and Bolgoda basins (Figure 1) are adjacent basins located within the wet zone of Sri Lanka and subject to 
frequent floods,especially during the southwest (SW) monsoon (May ς September) and second inter monsoon periods 
(October ς November).Downstream area of the Kelaniganga basin covers almost all the potential flood areas in the 
Kelani ganga basin, which is situated within the denselypopulated Colombo and Gampaha districts. The Bolgoda basin is 
located 25 km south from the capital Colombo and entirely within the Colombo and Kalutara districts. In addition, this 
area is used for rice production. Thereforepre-prepared flood extent mapping of this area is important and could be 
effectively used for mitigating the impact of flood events.  
 
Maps are valuable tools for representing the spatial distribution of flood hazard and vulnerabilityas well as assessing the 
flood risk. They provide a more direct and stronger impression than any other forms of presentation such as verbal 
description, diagram. Flood extent mapping is a necessary step for developing flood risk management strategies (Merz, 
et al., 2007)and can serve several purposes among which are raising awareness among people at risk and decision 
makers, providing information for land-use planning and urban development, investment planning and priority setting, 
helping to assess the feasibility of structural and non-structural flood control measures, serving as base for deriving flood 
insurance premiums, allowing disaster managers to prepare for emergency situations(Merz, et al., 2007). 
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Figure 1 - Location map of the study area 
 
Various researches have carried out flood extent mapping using satellite observations acquired especially in the visible 
and infrared part of the spectrum. However, the visible and infrared part of the spectrum are affected by atmosphere, 
whereas the land surface can be hidden in the presence of clouds or shadow induced by clouds,especially in the 
monsoon countries where flooding occurs due to heavy rainfall. It does often restrict the useful land observations and 
the results of the flood extent mapping will be lead to underestimation of the flooded area. Alternatively, active 
microwave observations collected via Synthetic Aperture Radar (SAR) technique are much less affected by weather, and 
provide day and night coverage(Horritta, et al., 2003). Additionally, the great sensitivity to standing water permits SAR to 
distinguish between land and water surface. Based on these properties, it is widely recognized that satellites carrying 
SAR sensors can support flood mapping, modelling and management (Di Baldassarre, et al., 2011). 
 
So far, only few investigations on the operational use of SAR data for flood extent mapping isavailable in literature 
primarily because of the fairly long revisit time of high resolution SAR observations(Pulvirenti, et al., 2011). Thus 
monitoring floods from space in near real time is currently only possible through low resolution SAR imagery (Di 
Baldassarre, et al., 2011). Up to now, however, SAR systems have only been operated on a best effort basis and a regular 
revisit time was not guaranteed. Unavailability of frequent revisit time in SAR sensors is one of the critical issues in 
operational flood mapping. However, considerable data base of SAR imagery is available from the previous satellite 
missions such as European Remote Sensing-1/-2 (ERS-1/-2), Environment Satellite (ENVISAT), Radar Satellite (Radarsat-2), 
that can be used for flood mapping. For the Kelaniganga and the Bolgoda basins, SAR data sets are available from 
archives of ERS-1/-2 and ENVISAT supported by the European Space Agency (ESA). We will utilize this data base of SAR 
imagery for flood extent mapping in downstream area of the Kelaniganga basin and the Bolgoda basin.  
 
Previous flood extent maps for the Kelaniganga and the Bolgoda basin areas were based on only few satellite images and 
have been produced for specific flood events to provide information for civil protection officers and decision makers. In 
most of the cases, only two images, acquired before and after the flood, were used to prepare the flood extent maps. For 
these cases, the satellite overpass often did not coincide with the flood peak. Moreover, the satellite images from the 
different sensors were selected for the flood mapping. This image may be more than one day after the flood peak and so 
that the ground condition may be entirely different from flood situation. Additionally, images from different sensors may 
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provide uncertainty to data integration, because different sensors have different sensor properties such as spatial 
resolution, wavelength.  
 
The main objective of this research is to develop a flood extent map from a series of SAR images for the downstream 
area of the Kelaniganga basin and the Bolgoda basin in Sri Lanka. For achieving this objective, we will use statistical 
parameters (mean standard deviation, minimum and maximum) derived from a time series of SARimages to extract the 
flood extent, which are derived on a pixel basis.Use of a series of satellite images to prepare flood extent map is better 
ǎǳƛǘŜŘ ǘƘŀƴ ǘƘŜ ǳǎŜ ƻŦ ŦŜǿ ƛƳŀƎŜǎ ǎƛƴŎŜ ƛǘ Ŏŀƴ ǊŜŘǳŎŜ ǘƘŜ ǳƴŎŜǊǘŀƛƴǘȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǎŜƴǎƻǊǎΩ ƛƳŀƎŜǎ ƻǊ ōȅ 
ǎŀƳŜ ǎŜƴǎƻǊΩǎ ƛƳŀƎŜǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǘime. Moreover, time series analysis through image fusion can extract the features 
from source images that impossible to derive from individual images and provide more information since the improved 
interpretation capability (Wen & Chen, 2004).   
 

STUDY AREA 
The study area consists of the downstream areas of the Kelaniganga basin and the Bolgoda basin (Figure 1) between 
longitudes 79
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area of approximately 870 km
2
. This area receives an annual amount of rainfall of 2000 -3000 mm; it is in the wet zone of 

the country. Mean annual temperature of the area is varying between 26.5 °C to 28.5 °C.Kelaniganga is the fourth 
longest river in Sri Lanka, which originates in the central hills and flows mainly to the west until it reaches the sea at 
Colombo. Bolgoda basin mainly consists of two interconnected north and south Bolgoda lakes, which are mainly fed by 
monsoon rains. This lake is the largest brackish water body as well as an important natural wetland area in Sri Lanka. The 
lake has an area of approximately 347 km

2
 and the depth ranges from 6-16 m.  

 

DATA 
Advanced Synthetic Aperture Radar Data 
In this research, Advanced Synthetic Aperture Radar (ASAR)Image Mode (IM) geo-coded images were requested from the 
ESA for extracting the flood inundation areas. The ENVISAT ASAR IM images are characterized by a pixel size of 12.5 m 
and a ground resolution of approximately 25 m. We have obtained a total of39 ASAR IM geo-coded images and 8 ASAR 
IM precision images from ESA archives which covered the study area. A quota of 47 ASAR IM images were provided free 
of charge by ESA.  
 
Ancillary data 
Precipitation data, Shuttle Radar Topographic Mission (SRTM) data and digital landuse data are used as the ancillary data 
of this research.In-situ monthly precipitation data for three rainfall stations; Colombo, Ratmalana, Hanwellagroup in and 
close to the study area have collected from Department of Meteorology in Sri Lanka. Moreover, daily precipitation data 
have been obtained from Global Land Data Assimilation System (GLDAS) and Climate Prediction Center Morphing 
Method (CMORPH).SRTM data with 90 m resolution at the equatorhave been used as the digital elevation model (DEM). 
Digital land use data collected from Department of Survey in Sri Lanka has been used to identify the land use of the 
flooded areas.  
 

METHODOLOGY  
Mapping of water surface using SAR is possible because the SAR backscatter is very low due to the specular reflection 
when the water surface is smooth (Di Baldassarre, et al., 2011). As a result of that, flooded areas appear as dark tones 
due to the low backscattering response whereas land surface appear as bright tones because the rough soil surface and 
vegetation produce diffused reflection resulting in a strong backscatter. This tonal variation according to the backscatter 
response in SAR images can be used to distinguish waterfrom land.Methodology of this research is mainly consisting of 
the following four main parts:ASAR image processing, Statistical parameter images, Classification and Verification. Details 
ƻŦ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ŀǊŜŘƛǎŎǳǎǎŜŘ ǳƴŘŜǊ άwŜǎǳƭǘ ŀƴŘ 5ƛǎŎǳǎǎƛƻƴέΦ 
 

RESULTS AND DISCUSSION 
ASAR Image Processing 
ASAR IM images were calibratedto obtain the radar backscatter of the reflecting surface directly from the pixel value of 
the images.Then, these images were filtered to suppressthe inherent granular noise called speckle. AnASAR IM image 
was tested by the median and Gamma map filtering techniques with the different sizes of the moving filter window.In 
the resulting images, we see that the ASAR IM image filtered by median 7x7 moving window gives the less noise 
imagethan other images As such, the entire ASAR IM data set was subjected to the median 7x7 filter and used for the 
further analysis of this research. To obtain a high quality ASAR data, filtered images were re-projected (co-
registered)with sub-pixel accuracy. Then, these images were used to create the image stack for further analysis such as 
production of statistical parameter images.  
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Statistical Parameter Images 
Statistical parameter images: mean, standard deviation, minimum and maximumwere derived from the series of images 
on a pixel basis.For instance, the mean statistical parameter image of the time series of backscatter observations 
represents an idea about the average backscatter condition of the each land cover category and based upon that the 
land cover can be grouped in to the different categories. Standard deviation image can be utilized to get the idea about 
the backscatter cƻŜŦŦƛŎƛŜƴǘ όˋϲύ ŦƭǳŎǘǳŀǘƛƻƴǎ ǿƛǘƘƛƴ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ ƭŀƴŘ ŎƻǾŜǊ ŎŀǘŜƎƻǊȅ ǎǳŎƘ ŀǎ ǿŀǘŜǊΣ ƭŀƴŘΦ aƛƴƛƳǳƳ ŀƴŘ 
ƳŀȄƛƳǳƳ ǎǘŀǘƛǎǘƛŎŀƭ ƛƳŀƎŜǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ŘȅƴŀƳƛŎ ǊŀƴƎŜ ƻŦ ǘƘŜ ˋϲ ǾŀǊƛŀǘƛƻƴǎ ƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀ ƻƴ ǇƛȄŜƭ 
basis. 
Figure 2 shows the statistical parameter images: (A) mean, (B) standard deviation, (C) minimum and (D) maximum of the 
ŀǎŎŜƴŘƛƴƎƛƳŀƎŜ όнн ƛƳŀƎŜǎύ ǎǘŀŎƪ ǿƛǘƘ ǘŜƳǇƻǊŀƭ ŎƻǾŜǊŀƎŜ ŦǊƻƳ нллр ǘƻ нллтΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƳŜŀƴ ˋϲ ƛƳŀƎŜ όCƛƎǳǊŜ 
2A), it can be clearly seen that water surfaces have ŘŀǊƪŜǊ ǘƻƴŜǎ ǎƛƴŎŜ ƭƻǿ ˋϲ ŘǳŜ ǘƻ ǘƘŜ ǎǇŜŎǳƭŀǊ ǊŜŦƭŜŎǘƛƻƴ ƻǾŜǊ ǘƘŜ 
smooth water surface (Mason, et al., 2010). Land surfaces havea range of brighter tones since the diffuse reflection from 
rough land surfaces (ex: soil and vegetation) cause high backscatter returns.Inthe standard deviation map (Figure2B), we 
can see high bright tone in the water surfaces since the large variation in the backscatter, which is created by the wind 
induces waves on the water surfaces versus the low reflection from the smooth, windless situations. In land surfaces we 
can see the darker tones since the low standard deviation occurs due to the stable land features. Moreover, land 
ŦŜŀǘǳǊŜǎ ŀǊŜ ƴƻǘ ŎƘŀƴƎŜŘ ƳǳŎƘ ōȅ ǘƘŜ ǿƛƴŘ ƻǊ Ǌŀƛƴ ŀŎǘƛƻƴǎΦ !ǎ ƭƻǿŜǊ ˋϲ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ǿŀǘŜǊ ōƻŘȅΣ ǿŀǘŜǊ ŀǊŜŀ ǎƘƻǿǎ 
the very smooth dark tone in the minimum statistical parameter image (Figure 2C) whereas land area shows bright tones 
ǎƛƴŎŜ ƘƛƎƘ ˋϲΦaƻǊŜƻver, the periodicaly flooded area (PFA) becomes apparent in the minimum statistical parameter 
ƛƳŀƎŜΦ CƛƎǳǊŜ н5 ǎƘƻǿǎ ǘƘŜ ƳŀȄƛƳǳƳ ˋϲ ǾŀƭǳŜ ƻŦ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ ǇƛȄŜƭ ŀƳƻƴƎ нн ƛƳŀƎŜǎ ŀƴŘ ƘŜǊŜ ǘƘŜ ǿŀǘŜǊ ǎǳǊŦŀŎŜǎ ŀǊŜ 
ƴƻǘ ƳŀƛƴǘŀƛƴŜŘ ǘƘŜ ƭƻǿŜǊ ˋϲ όŘŀǊƪŜǊ ǘƻƴŜύΦ     
 

Figure 2 - Statistical parameter images for the ascending stack with 22 images in the time series of 2005 to 2007 
(A) mean (B) standard deviation (C) minimum (D) maximum 

 
Feature Extraction 
Output of the statistical parameter images are in black and white tones and only possible to identify land and water and 
difficult to get the information about any other land cover categories. Therefore the combination of statistical parameter 
images to a colour composite can be utilized to better identify the land classes that can be detected. For that, we tested 
the different Statistical Parameter Multiband Composite (SPMC) by combining different statistical parameter bands. The 
SPMC created assigning mean, minimum and maximum statistical parameter bands to red, green and blue (RGB) 
respectively, gave the best scene with four distinguishable colours: blue, purple, white and green.  According to the 
ground truth identification using high resolution optical images, we recognized the four different land cover categories 
for these four distinguish colours in the SPMC. Blue colour represents the open water (OPW) or water bodies (Figure 3A) 
and bright white patches represent the urban or built-up areas (Figure 3B). Further, green colour represents the non-
flooded areas (NFA) (Figure 3C) and the purple colour represent the periodically flooded areas (PFA) (Figure 3D). Based 
on this, the time series of ASAR images at hand has the potential of identifying four main land cover categories in the 
study area. 
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Figure 3 - Identification of land cover categories in SPMCs using high resolution optical images  
(A) blue - open water (B) white - urban (c) green ς non-flooded area (D) purple - periodically flooded are 

 
Backscatter Analysis 
To examine the backscatter response from ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ ƭŀƴŘ ŎƻǾŜǊ ŎŀǘŜƎƻǊƛŜǎΣ ˋϲ Řŀǘŀ ǿŀǎ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ ŜŀŎƘ 
land cover class. We selected the 5 training data sets (region of interest-ROI)for each land cover category, such as5 ROI 
sets forOPW. We use the backscatter data to analyse the temporal statistics such as mean, standard deviation, minimum, 
and maximum on basis of each training data set regions. Then, the 5 ROI regions were merged as single ROI region to 
obtain improved and more reliable statistics for the respective land cover category and then again analysed the temporal 
ǎǘŀǘƛǎǘƛŎǎΦ CƛƴŀƭƭȅΣ ƳŜŀƴ ˋϲ ƻŦ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ ƭŀƴŘ ŎƻǾŜǊ ŎŀǘŜƎƻǊƛŜǎ ŦǊƻƳ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǎǘŀǘƛǎǘƛŎŀƭ ŀƴŀƭȅǎƛǎ ǿŀǎ ǎŜƭŜŎǘŜŘ ŦƻǊ 
the further analysis in this research.  
 
Using this statistical analysis, we can identify ǘƘŜ ŘȅƴŀƳƛŎ ˋϲ ǊŀƴƎŜ ŦƻǊ ǘƘŜ ŀƭƭ ƭŀƴŘ ŎƻǾŜǊǎ ƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀ ό¢ŀōƭŜ мύΦ Lǘ ƭŀȅ 
in between -20 and -н Ř.Φht² Ƙŀǎ ǘƘŜ ƭƻǿŜǎǘ ˋϲ ǘƘŀƴ ǘƘŜ ƻǘƘŜǊ о ƭŀƴŘ ŎŀǘŜƎƻǊƛŜǎ ǎƛƴŎŜ ǘƘŜ ǎǇŜŎǳƭŀǊ ǊŜŦƭŜŎǘƛƻƴ ŦǊƻƳ ǘƘŜ 
smooth water surface (Table 1). Urban area has the highŜǎǘ ˋϲ ƻŦ ŀƭƭ ǘƘŜ ŦƻǳǊ ƛŘŜƴǘƛŦƛŜŘ ƭŀƴŘ ŎƻǾŜǊ ŎƭŀǎǎŜǎ ǎƛƴŎŜ ǘƘŜ 
ŘƛŦŦǳǎŜ ǊŜŦƭŜŎǘƛƻƴ ŘǳŜ ǘƻ ǘƘŜ ǊƻǳƎƘ ǎǳǊŦŀŎŜΦ ²Ŝ Ŏŀƴ ǎŜŜ ǾŜǊȅ ƭƛǘǘƭŜ ǾŀǊƛŀǘƛƻƴ ƻŦ ˋϲό¢ŀōƭŜ мύ ǿƛǘƘ ǘƘŜ ǘƛƳŜ ƛƴ ǘƘŜ ǳǊōŀƴ ŀǊŜŀǎ 
since urban areas mostly consist of stable objects such as buildingǎΣ ōǊƛŘƎŜǎΦ ¢ƘŜ ˋϲ ǎǘŀǘƛǎǘƛŎǎ ƻŦ tC! ŀƴŘ bC! ŀǊŜ ƭȅƛƴƎ ƛƴ 
ōŜǘǿŜŜƴ ht² ŀƴŘ ǘƘŜ ǳǊōŀƴΦ  bC! Ƙŀǎ ƘƛƎƘŜǊ ˋϲ ǘƘŀƴ tC! ǎƛƴŎŜ ǎƻƳŜ ǎǇŜŎǳƭŀǊ ǊŜŦƭŜŎǘƛƻƴ ƻǾŜǊ tC! ŘǳŜ ǘƻ ǘƘŜ ŦƭƻƻŘ 
inundation and therefore radar signals scattered away from the radar antenna.  MoreoveǊΣ tC! ǎƘƻǿǎ ŀ ŘƛŦŦŜǊŜƴǘ ˋϲ 
response than the OPW since the double bounce backscattering between flood water surfaces and the vegetation. It 
leads to more backscatter response from the PFA to the radar antenna than from OPW. 
 
Table 1 - Statistical result (merged 5 ROI) of the imagestack (2005 -2007) 
 

Classification 
The SPMC were subjected to maximum likelihood supervised classification technique since it gives more reliable 
ŎƭŀǎǎƛŦƛŜŘ ƛƳŀƎŜΦ CƻǊ ǘƘƛǎ ǇǳǊǇƻǎŜΣƳŜǊƎŜŘ whLΩǎŦƻǊ ŜŀŎƘ ƭŀƴŘ ŎƻǾŜǊ ŎŀǘŜƎƻǊƛǎŜ ǿŜǊŜ ǳǎŜŘ ǘƻ ŎƭŀǎǎƛŦȅ ǘƘŜ {ta/Φ¢ƘŜ 
classified image consists of four land cover categories: OPW, PFA, NFA and Urban, represented by blue, magenta, green 
and yellow colours, respectively (Figure 8).Urban and NFA cover more percentage of the study area than other two: OPW 
and PFA. When consider the spatial distribution of the land cover categories, urban areas are more concentrated into the 
western part of the study area where as NFA is more distributed across the middle and eastern parts of the study area. 

Land cover category 
Mean 
(dB) 

Standard deviation (dB) 
Minimum 

(dB) 
Maximum 

(dB) 

Open water (OPW) -12.21 4.40 -19.94 -5.07 
Periodically flooded area (PFA) -7.88 2.10 -12.94 -3.44 
Non-flooded area (NFA) -6.93 0.91 -8.67 -5.18 
Urban  -4.42 0.94 -6.26 -2.72 
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OPW area demarcated the permanent water bodies. As such, this method can be used to obtain the area of the 
permanent water bodies in the studied area.  
 
Western part of the study area mainly consists of highly urbanized areas such as Colombo, Ratmalana. From past 
experiences, we know that most of these urban areas are frequently subjected to the flood events as other PFA in the 
scene. Using this classified image, it is impossible to observe the urban flood since ASAR IM images have some limitations 
such as a coarse spatial resolution (25 m). High spatial resolution (1-2 m) radar images (ex: TerraSAR-X), topographic data 
(ex: DSMs from LiDAR) with high resolution(0.5 m/ 1 m) and supervised method with large amount of user interaction 
are required to perform a reliable flood extent mapping in the urban areas (Mason, et al., 2010).  All above requirements 
are essential for the better understanding and detection of urban floods but those are very expensive and not part of this 
research.  
 
Spatial distribution of the PFA is mainly laid on north-eastern and south-eastern parts of Bolgoda basin and in the 
downstream area of the Kelaniganga basin. Further, it is important to know the temporal variation of the PFA and areas 
vulnerability to the floods. For this purpose, image stacks of 5consecutive months were utilized for image classification 
and it is further discussedin section 5.5. 
 
Verification (Accuracy assessment) 
Flood extent maps provide information of events which are extreme compared to the everyday life experience and they 
show situations, which are not observed daily. Therefore, validation of flood extent maps is usually difficult and such 
maps are expected to be uncertain. Moreover, flood maps should be prepared using consistent, scientific based and 
reproducible methods (Merz, et al., 2007). Therefore, validation is not available for many flood events and the level of 
uncertainty associated with the flood information should be presented with the flood map. In this research, we produced 
the confusion matrix to assess the accuracy of the classify images and verify the result with ancillary data sets such as 
precipitation, DEM, land use.  
 
According to the confusion matrix, overall accuracy of the classified result is 88.35 and Kappa coefficient is 0.84. Here, for 
the reference data sets, 5 another ROI regions were selected for each land cover category using high resolution optical 
images from the Google earth.  Moreover, the area classified as PFA, which is extracted from the classified image was 
overlying onto the DEM and land use of the area and bothare in good agreement with the overlaid PFA.  
 
Five Consecutive Image Analysis for Temporal Variation 
To study the temporal variation of the each land cover categories of the study area, 15 image stacks were created adding 
5 consecutive images. Then they were used to create another 15 SPMCs by producing statistical parameter images. 
Temporal coverage starts from 3-3-2005 and ends at 1-2-2007 and has 19 sequential images with approximately 35 days 
temporal resolutions. Aim of using 5 sequential months to create the SPMCto study land cover changes along the 
seasons. SPMC no. 4 and 13 cover the combination of  southwest (SW) and 2

nd
 inter monsoon seasons and SPMC no. 9 

covers the combination of  northeast (NE) and 1
st
 inter monsoon seasons.  

 
ht² ǎƘƻǿǎ ǘƘŜ ƭƻǿŜǎǘ ˋϲ ǿƘŜǊŜŀǎ ¦Ǌōŀƴ ǎƘƻǿǎ ǘƘŜ ƘƛƎƘŜǎǘ ˋϲ ό¢ŀōƭŜ нύΦ ¢ƘŜ ˋϲ ƻŦ tC! ŀƴŘ bC! ƭŀȅ ƛƴ ōŜǘǿŜŜƴ ht² ŀƴŘ 
¦ǊōŀƴΦ bC! ǎƘƻǿǎ ƘƛƎƘŜǊ ˋϲ ǘƘŀƴ tC!Φ Lǘ Ƴŀȅ Ǉƻǎǎƛōƭȅ ŘǳŜ ǘƻ ǘƘŜ ƳƻǊŜ ŘƛŦŦǳǎŜ ǊŜŦƭŜŎǘƛƻƴ ƻǾŜǊ bC! ǘƘŀƴ ŦƭƻƻŘŜŘ ŀǊŜŀǎΦ 
The temporal ǾŀǊƛŀǘƛƻƴ ƻŦ ǘƘŜ ƳŜŀƴ ˋϲ ǾŀƭǳŜ ƻŦ ǘƘŜ ht² ǎƘƻǿǎ ǾŜǊȅ ƘƛƎƘ ŦƭǳŎǘǳŀǘƛƻƴ ǿƘŜǊŜŀǎ tC! ǎƘƻǿǎ ǊŜƭŀǘƛǾŜƭȅ 
moderate fluctuation. NFA and Urban area show minor fluctuation (almost constant) with respect to the other land 
covers. Although OPW has shown high fluctuatƛƻƴ όCƛƎǳǊŜ пύΣ ƛǘ ƛǎ ƛƴŘŜǇŜƴŘŜƴǘ ŦǊƻƳ ƻǘƘŜǊ ƭŀƴŘ ŎƻǾŜǊ ŎŀǘŜƎƻǊƛŜǎΦ  IƛƎƘ ˋϲ 
fluctuation range (5.54 dB) of OPW may possibly due to waves on the water surface caused by wind and rains. However, 
ǿŜ Ŏŀƴƴƻǘ ǎŜŜ ƘƛƎƘŜǊ ǊŀƴƎŜ ǾŀǊƛŀǘƛƻƴ ƻŦ ˋϲ ƛƴ bC! ŀƴŘ ¦ǊōŀƴΦ wŀƴƎŜ ŘƛŦŦŜǊŜƴŎŜ ƻŦ ˋϲ ƻŦ bC! ŀƴŘ ¦Ǌōŀƴ ŀǊŜ лΦпт Ř. ŀƴŘ 
лΦрс Ř. ό¢ŀōƭŜ нύΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ CǳǊǘƘŜǊΣ ˋϲ ǊŀƴƎŜ ŘƛŦŦŜǊŜƴŎŜ ƻŦ tC! ƛǎ ǎƛƎƴƛŦƛŎŀƴǘ όмΦфс Ř.ύ ǎƛƴŎŜ ŦƭƻƻŘŜŘ ǿŀǘŜǊ ƳƻǾŜ 
within different features such as vegetation, soil, and homestead. Variation of double bounce backscattering between 
ǾŜƎŜǘŀǘƛƻƴ ŀƴŘ ǿŀǘŜǊ ǎǳǊŦŀŎŜǎ ŎƻǳƭŘ ōŜ ǘƘŜ ǇƻǎǎƛōƭŜ ǊŜŀǎƻƴ ŦƻǊ ǘƘƛǎ ǎƛƎƴƛŦƛŎŀƴǘ ˋϲ ŘƛŦŦŜǊŜƴŎŜ ƛƴ tC!Φ CǳǊǘƘŜǊƳƻǊŜΣ ǘǿƻ 
ǊŜƳŀǊƪŀōƭŜ ŘŜŎǊŜŀǎƛƴƎ ǘǊŜƴŘǎ ƻŦ ˋϲ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ ōŜǘǿŜŜƴ ǎǘŀŎƪ ƴƻΦ о-4 and stack no. 12-13 (Figure 4). According to 
these important facts, a detailed investigation of the PFA backscatter in relation to time and precipitation is needed. For 
ǘƘŀǘ ǇǳǊǇƻǎŜΣ ƳŜŀƴ ˋϲ ƻŦ ǘƘŜ tC! ǿŀǎ ǇƭƻǘǘŜŘ ŀƎŀƛƴǎǘ ǘƘŜ ƳƻƴǘƘ όŀƴŘ ǘƘŜ {ta/ ƴƻΦύ ǿƛǘƘ р ƳƻƴǘƘǎΩ ŀǾŜǊŀƎŜ ƛƴ-situ and 
GLDAS precipitations (Figure 5). Here, month of the SPMC was considered as the middle month of the 5 image as in 
Figure 5. Also, the precipitation was averaged on 5 consecutive months corresponding to the temporal coverage of the 
SPMC. Moreover, classified images correspond to each SPMCshave shown in Figure 6 and 7 which covers classified 
images corresponding to SPMC no. 1 to 9 and SPMC no. 10 to 15, respectively. 
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Figure 4 - ¢ŜƳǇƻǊŀƭ ǾŀǊƛŀǘƛƻƴ ƻŦ ǘƘŜ ƳŜŀƴ ˋϲ ǾŀƭǳŜ όōŀƴŘ мύ ƻŦ ǘƘŜ ŦƻǳǊ ƭŀƴŘ ŎƻǾŜǊ category 
 

Table 2 - 5ȅƴŀƳƛŎ ǊŀƴƎŜ ƻŦ ƳŜŀƴ ˋϲ ƛƴ ŦƻǳǊ ƭŀƴŘ ŎƻǾŜǊ ŎŀǘŜƎƻǊƛŜǎ ǿƛǘƘƛƴ мр {ta/ǎ 
 

Land cover category 
aƛƴƛƳǳƳ ˋϲ 
value  (dB) 

aŀȄƛƳǳƳ ˋϲ 
value  (dB) 

Difference (dB) 

Open water (OPW) -14.54 -9.00 5.54 
Periodically flooded area (PFA) -8.96 -6.99 1.96 
Non flooded area (NFA) -7.56 -7.08 0.47 
Urban  -3.74 -3.19 0.56 

 
!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ˋϲ ŦƭǳŎǘǳŀǘƛƻƴ ƻŦ ǘƘŜ tC!Σ ǿŜ Ŏŀƴ ƛŘŜƴǘƛŦȅ п ŘƛǎǘƛƴƎǳƛǎƘŜŘ ǇŀǊǘǎ όLΣ LLΣ LLL ŀƴŘ L±ύ ōŀǎŜŘ ƻƴ ǘƘŜ ˋϲ ǎǘŀƎŜǎΦ 
{ta/ ƴƻΦ мΣ н ŀƴŘ о όtŀǊǘ Lύ ǎƘƻǿǎ ǘƘŜ ƘƛƎƘŜǎǘ ˋϲ ŀƳƻƴƎ other stacks (Figure 5) and we can expect less inundated areas 
than others. Also, time duration for these three stacks is from 3-3-2005 to 29-9-нллр ŀƴŘ ǘƘŜ ǊŜƭŀǘƛǾŜƭȅ ƘƛƎƘ ˋϲ ǎƘƻǿǎ ǘƘŜ 
dry condition than others sincemore double bounce backscattering due to the low flood inundation. This situation can be 
positively proved by the classified images no. 1, 2 and 3 (May ςJuly, 2005) in Figure 6 since these images show relatively 
low PFA than other classified images (visual interpretation). In addition, the 5 months average precipitation corresponds 
to part I is showing somewhat decreasing trend. In fact, Part I represent the start of the SW monsoon period. Also, we 
can see PFA mainly concentrated in to the southeast part (green boundary) of the Bolgoda basin (Figure 6). 

Figure 5 - Temporal variation of PFA with 5 months average in-situ (Ratmalana and Hanwella group stations) 
and GLDAS precipitation (2005-2006) 

* SW- southwest monsoon, 2
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¢ƘŜ {ta/ ƴƻΩǎ ŦǊƻƳ о ǘƻ п όлр-July to 05-Aug) and from 12 to 13 (06-July to 06-Aug) have shown almost similar strong 
decreasing trend (Figure 5) with respect to others. Depression for the SPMC no. 3 to 4 and 12 to 13 are 1.07 dB and 1.03 
dB,respectively. In addition,these two incidents has similar temporal coverage for the corresponding years and SPMC no. 
4 and 13 represent the combination of entire typical SW and 2

nd
inter monsoons periods. In addition to that, all the in-situ 

and GLDAS precipitations show the increasing trend corresponding to these stacks (Figure 5).  
 
!ŦǘŜǊ {ta/ ƴƻΦ о ǘƻ пΣ ǿŜ Ŏŀƴ ǎŜŜ Ŏƻƴǘƛƴǳƛǘȅ ƻŦ ǘƘŜ ƭƻǿ ƳŜŀƴ ˋϲ ǳƴǘƛƭ {ta/ ƴƻΦ у όtŀǊǘ LLύ ǿƛǘƘ ŀƭƳƻǎǘ ƘƻǊƛȊƻƴǘŀƭ ǘǊŜƴŘ 
within the period of 16-6-2005 to 27-4-2006. In fact this time period mainly represents both the SW and the 2

nd
 inter 

moƴǎƻƻƴ ǇŜǊƛƻŘǎΦ  [ƻǿ ˋϲ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ƳƻǊŜ ǎǇŜŎǳƭŀǊ ǊŜŦƭŜŎǘƛƻƴ ƻǾŜǊ ǘƘŜ ƳƻǊŜ ƛƴǳƴŘŀǘƛƻƴ ǿƛǘƘ ƘƛƎƘ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǘƘŀƴ 
situations in Part I over the PFA. Therefore more PFA can be expected during these periods. So, it can be seen by the 
classified images from 05-August to 06-January (image no. 4,5,6,7 and 8) in Figure 6. In these classified images we can 
see more PFA in addition to the southeast part of the Bolgoda basins. Those additional areas are south and northeast 
part (magenta circle) of the Bolgoda basin and most of the areas in the downstream of the Kelaniganga basin (Figure 6).  
 
Again after 06-WŀƴǳŀǊȅ ό{ta/ ƴƻΦ уύΣ ǿŜ Ŏŀƴ ǎŜŜ ǎƻƳŜ ƛƴŎǊŜŀǎƛƴƎ ǘǊŜƴŘ ƻŦ ƳŜŀƴ ˋϲ ŦǊƻƳ лс-January to 06-February 
(SPMC no. 8 to 9) since the more diffuse reflection than previous due to lowering of the flood water level with decreasing 
of precipitation (Figure 5). This situation continues until 06-July (SPMC no. 12) with minor fluctuations (Part III)with the 
precipitation. Temporal coverage for these SPMC is from 8-12-2005 to 14-9-2006.In this PART III, mainly SW monsoon is 
responsible for the flood inundation. The classified images corresponds to these periods (06-February to 06-July) are 
showing the results as we expected. In Figure 6 and Figure 7, classified images for the period from 06-February to 06-July 
(image no. 9, 10, 11 and 12) we cannot see considerable PFA in the northeast part of the Bolgoda basin.   
 
After 06-Wǳƭȅ ό{ta/ƴƻΦ мнύΣ ǿŜ Ŏŀƴ ǎŜŜ ǊŜƳŀǊƪŀōƭŜ ŘŜǇǊŜǎǎƛƻƴ ƻŦ ƳŜŀƴ ˋϲ ŦǊƻƳ лс-July to 06-August (SPMC no. 12 to 13) 
as discussed early and from 06-August to 06-hŎǘƻōŜǊ ό{ta/ ƴƻΦ моΣ мпΣ мрΥ tŀǊǘ L±ύ  Ƙŀǎ ƭƻǿ ƳŜŀƴ ˋϲ ǘƘŀƴ ŦǊƻƳtŀǊǘ LLLΦ 
Again, it is due to the more inundation than occurred previously since the high precipitation because PART III consists of 
end part of the SW monsoon and 2

nd
 inter monsoons periods. This area experiences highest precipitation during 2

nd
inter 

monsoon periods. It can be proved from the classified image from 06-August to 06-October (image no. 13, 14 and 15) in 
Figure 7. In those three images we can clearly see the PFA in northeast part (magenta circle) of the Bolgoda basin in 
addition to the southeast of the Bolgoda basin and downstream area of the Kelaniganga basins (Figure 7).  
 
According to the above facts, we can identify the 3 flood vulnerability zones in the study area by the temporal variation 
of the PFA and the visual interpretation of the classified images. Those are high, moderate and lowvulnerability zones 
(Table 3). Southeast of the Bolgoda basin has high vulnerability to flood and name as ZoneA (Figure 8). This area is more 
vulnerable to flood throughout the year with considerable rainfall effect. South of the Bolgoda basin and downstream 
area of the Kelani ganga basin have moderate vulnerability to the floods and name as Zone B (Figure 8) and more 
vulnerable to flood during both southwest and 2

nd
inter monsoons periods (May to November). Northeast part of the 

Bolgoda basin has low vulnerability to the floods and name as Zone C (Figure 8) and vulnerable to flood during second 
inter monsoon period (October to November). 
 
Table 3 - Flood vulnerability zones in the study area 
 

Zone 
Flood 

vulnerability 
Location Periods of vulnerability 

A High Southeast  of theBolgoda basin 
throughout the year with  
considerable rainfall  

B Moderate 
South of the Bolgoda basin and 
downstream area of the Kelani ganga 
basin 

during southwest and 2
nd

 inter 
monsoons periods 

C Low Northeast of the Bolgoda basin during 2
nd

 inter monsoon period 
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Figure 6 - Classified images correspond to SPMCs (SPMC no. 1 to 9) 
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Figure 7 - Classified images correspond to SPMCs (SPMC no. 10 to 15) 
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Figure 8 - Flood vulnerability zone map for the Bolgoda basin and the  
downstream area of the Kelani ganga basin, Sri Lanka 
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CONCLUSIONS 
The main objective of this researchwas todevelop a flood extent map from a series of SAR images for the downstream 
area of the Kelaniganga basin and the Bolgoda basin in Sri Lanka.The novelty of the adopted approach was the use of 
time series analysis to extract the flood extent dynamics from the ASAR IM images. The following conclusions can be 
drawn from the results and the discussion. 
 

¶ The SPMC was classified in to four land cover categories, which are OPW, PFA, NFA and urban based on the mean 
backscattering propeǊǘƛŜǎ ƻŦ ǘƘŜ ƭŀƴŘ ŦŜŀǘǳǊŜǎΦ ht² Ƙŀǎ ǘƘŜ ƭƻǿŜǎǘ ƳŜŀƴ ˋ  ǿƘŜǊŜŀǎ ¦Ǌōŀƴ Ƙŀǎ ǘƘŜ ƘƛƎƘŜǎǘ ƳŜŀƴ 
ˋ Φ tC! ŀƴŘ bC! ƭŀȅ ƛƴ ōŜǘǿŜŜƴ ht² ŀƴŘ ¦ǊōŀƴΦ tC! Ƙŀǎ ǘƘŜ ƭƻǿŜǊ ˋ  ǘƘŀƴ ǘƘŀǘ ƻŦ bC!Φ ¢ƘŜ ƭŀƴŘ ŎƻǾŜǊ 
categorieswithin the study area falls in to the dynamic range of mŜŀƴˋϲ ƛƴ ōŜǘǿŜŜƴ -20to -2 dB. 

¶ Spatial distribution of the PFA area laid mainly south, southeast and northeast part of the Bolgoda basin and the 
downstream area of the Kelaniganga basin. 

¶ The classified image output showed that the potential of the ASAR IM data for discriminate major land cover 
categories in addition to the PFA.  

¶ The overall accuracy and the kappa coefficient for the main classified image were 88.35% and 0.84, respectively. 
Additionally,both DEM and land use were in good agreement with the overlaid PFA. 

¶ .ŀǎŜŘ ƻƴ ǘƘŜ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǇǊŜŎƛǇƛǘŀǘƛƻƴΣ ƳŜŀƴ ˋϲ ŦƭǳŎǘǳŀǘƛƻƴǎ ƻŦ ǘƘŜ tC!Σ ŎƭŀǎǎƛŦƛŜŘ ƛƳŀƎŜǎΣǘƘŜ ǎǘǳŘȅ ŀǊŜŀ Ŏŀƴ ōŜ 
categorized in to three flood vulnerability zones. They are Zone A, Zone B and Zone C. Zone A consists of southeast 
of the Bolgoda basin and has high vulnerability to floods throughout the yearand sensitive to antecedent rainfall. 
South of the Bolgoda basin and downstream area of the Kelaniganga basin belongs to Zone B and has moderate 
vulnerability to the floods. Zone B is more vulnerable to floods during both SW and 2

nd
 inter monsoon periods. Zone 

C has the lowestvulnerability to floods and consists of southeast of the Bolgoda basin. This area is more vulnerable 
to flood during 2

nd
 intermonsoon period.  

 
Limitations 

¶ Classified images were consisted of some misclassifications since some urban features such as roads, ground, and 
runaways haveshown similar backscatter response as smooth water surface. However, by producing mean statistical 
images by the time series analysis, we minimized this effect to get more reliable result.  

¶ Limited number of land cover categories can be identified using microwave imagescompared to multibandoptical 
images. 

¶ Validation of flood extent map is usually difficult since flood events are not related with the everyday life 
experiences. Therefore, those flood maps may be related with uncertainty and so accuracy of the product, data and 
techniques used to prepare the flood extent maps should be specified.  

¶ Some inherent uncertainty may be related with the accuracy of confusion matrix computation since both training 
data sets and reference data sets were selected from the same ground truth source (high resolution optical images 
from Google earth).  

¶ Although the urban areas are subjected to the frequent floods during southwest and second monsoon periods, we 
cannot determine the PFA in the urban areas due to the insufficient data, such as topographical data, high resolution 
images. Fulfilment of those requirements are expensive and not part of this research.    

 
Recommendations 

¶ Attention should be paid to the identified flood zones (Zone A, B and C) in the study area according to the monsoon 
periods and priority should be given according to the vulnerability (high, moderate low).   

¶ Problems encountered due to the lack of regularly available high resolution SAR observations in the moment of the 
flood peak can be overcome to some extent by analysing series (time series) of SAR images since this method 
provided more efficient storage, faster interpretation capability, improved accuracy and reliability than single or few 
images.  

¶ Classified image output has showed that ASAR IM data aided with ground information has the capability of 
discriminating major land cover types such as open water, urban, vegetation in addition to the flood extent in an 
efficient and economical way.  

¶ ¢ƘŜ ǎǘǳŘȅ ƻŦ ǘŜƳǇƻǊŀƭ ǾŀǊƛŀǘƛƻƴ ƻŦ ƳŜŀƴ ˋ  ƻŦ tC! ƘŀǎǎƘƻǿŜŘ ǘƘŀǘ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ƳŜǘƘƻŘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ 
flood vulnerability zones in response to the precipitations.  

¶ In addition to the above recommendations, the research methodology, which was used to extract PFA, can be used 
to extract the water bodies in a specific area.   
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INTRODUCTION 
Scarcity of unpolluted ground water and natural surface water sources such as rivers and lakes, has forced many parts of 
the dry zone in Sri Lanka to choose irrigation water tanks as the source for drinking water supply schemes. Surface runoff 
draining to these shallow water bodies through cultivated catchment areas is generally rich in nutrients, leading to 
eutrophication and rapid growth of algae, which tend to develop into large populations, called algal blooms. Where 
cascading systems of tanks are present, the drainage waters from paddy fields add large nutrient loads to the tanks in 
the lower elevations. 
 
These algal blooms can cause several problems, depending on the algal species and their concentrations. On the 
operational side, algae cause problems such as increasing coagulant demand, settling dysfunction, filter clogging, 
membrane fouling, increase of disinfectant demand etc., while regarding the water quality, algae have a strong influence 
on pH, dissolved oxygen content, level of chlorophyll a, biodegradable dissolved organic carbon, turbidity, presence of 
cyanotoxins and taste, colour and odour causing compounds. (Baudin et al., 2006). These problems can impact the 
ǇƭŀƴǘΩǎ ƻǇŜǊŀǘƛƻƴ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǘǊŜŀǘŜŘ ǿŀǘŜǊ ǉǳŀƭƛǘȅΦ 
 
Conventional water treatment unit operations may not always produce satisfactory quality of water in suchsituations. 
Unit operations of conventional water treatment plants are not aimed at removal of dissolved organic substances or 
cyanotoxins. It has been identified that different cyanobacterial speciesproduce different types of cyanotoxins, 
whichnormally remaining in the algalcells but get dissolved in water when the cells are stressed or ruptured (cell lysis). 
They are thermo stable and therefore cannot be destroyed by boiling. They are cumulative and hence can accumulate in 
small amounts over a period of time before any ill effects are manifested (WHO, 2010). 
 
Eastern Coastal Towns of Ampara District (ECTAD) Water Supply Project, where the raw water source is Konduwatuwana 
Tank, an irrigation tank with high inflows of nutrients, is the focus of the present study. It has been identified that 
Konduwatuwana Tankwater has high cyanobacteria content.ECTAD water supply project was initially designed to provide 
piped water services for a narrow strip of coastal towns in the Ampara District. Today there are about 50,000 
connections for the ECTAD water supply scheme (WSS), which means that more than 250,000 people are dependent on 
this scheme.  
 
This water treatment plant consists of pre-chlorination, coagulation, flocculation, dissolved air floatation (DAF), rapid 
gravity filtration, disinfection and post lime addition for stabilization. Powdered Activated Carbon (PAC) dosing was 
introduced to treatment system in order to overcome taste and odor incanted in treated water from time to time. The 
present case study was carried out to evaluate the efficacy of pre-chlorination, activated carbon adsorption, dissolved air 
flotation, filtration and disinfection in removal of cyanotoxins, taste and odor causing dissolved organic substancesfrom 
the source water, in order to provide satisfactory potable water. 
 

BACKGROUND STUDIES 
Scientists and water supply engineers have been concerned by the presence of blue green algal species in the cascading 
tank systems in the past few years, and a few studies have been conducted to identify the species occurring in several 
irrigation tanks in Sri Lanka, including KonduwatuwanaTank. 
 
Paststudieson Kondiwatuwana Tank (Padmasiri, 2004;Pathmaseelan, 2006;Outokumpu, 2006; Silva, 2006 
andAapola,2007) show that presence of cyanobacteria species of Microcystis and Cylindrospermopsis have been 
consistent, even though the species dominance seems to have been shifting between Microcystis and 
Cylindrospermopsis. Both of above species are well known producers of cumulative algal toxins Microcystin LR and 
Cylindrospermopsin. 
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Review of literature on the technology options available for dealing with the algal problems, it appears that pre-
chlorination has shown in many instances tƻ ƛƳǇǊƻǾŜ ŀƭƎŀƭ ǊŜƳƻǾŀƭ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ΨŀƭƎŀƭ ƛƴŀŎǘƛǾŀǘƛƻƴϥ όIŜƴŘŜǊǎƻƴ Ŝǘ ŀƭΦΣ 
2008). However, there are a number of drawbacks to pre-chlorination, such as formation ofdisinfection by-products 
(DBPs), specifically trihalomethanes (THMs) when using chlorine or chlorine dioxide on water containing organic 
substances. Irrespective of oxidant utilized, overdosing cannot only induce cell lysis, releasing undesirable toxins or taste 
and odor compounds are formed. Therefore, the optimum dose is that which achieves cell modification without cell lysis 
and this has been shown to be species dependent (Jurczak et al., 2005, Henderson et al., 2008). Therefore, pre 
chlorination, if toxin removal is a priority issue, cannot be recommended. 
 
Past studies have shown that the rate of inactivation of Microcystis is affected by pH and contact time; as pH increased 
the inactivation rate decreased and less degradation of Microcystin occurred, while in acidic conditions Microcystis 
chlorination has been more effective (Tsuji et al., 1997 and Xagoraraki et al., 2006). Hitzfeld et al. (2000) also reported 
that a chlorine residual of at least 0.5mg/l should be present after 30 min contact time in order to destroy toxins 
completely. 
 
In addition, Hitzfeld et al. (2000) has shown that Cylindrospermopsincan beeffectively oxidized by 4 mg/L chlorine at pH 
7.2-7.4 from water containing toxin concentrations of 20-24 µg/L. Acero et al. (2005) has reiterated this. They have found 
that the chlorination of Cylindrospermopsin (CYN) leads to the formation of 5- Cl- CYN, a non toxic compound that reacts 
with chlorine 10 -20 times slower than CYN.  
 
Hitzfeld et al. (2000) showed that coagulation can be an efficient method for eliminating cyanobacterial cells from water, 
whereas soluble cyanotoxins are not very efficiently removed by this method. He reported that only PAC adsorbtionat a 
ratio of 1:10 to 1:100 (toxin: activated carbon)effectively and quickly (contact times of 30 min are sufficient) eliminate 
cyanotoxins from water. 
 
Teixeira & Rosa (2006) andHenderson et al. (2007) have reportedthat DAF has become more popular in terms of algae 
removal, as it can take advantage of the low density of algae.When employing DAF, it is important to consider that 
different cyanobacterial species behave differently, depending on their physical properties: in a Belgian DAF plant 
Microcystiswas removed by 40-80%, Anabaena by 90-100%, but Planktothrixonly by 30% (Hitzfeld et al., 2000). 
 

OBJECTIVE OF THE STUDY 
The broad objective of the studyis improvement of the safety and acceptability of drinking water supplied from irrigation 
tanks by proper selection of unit operations using ECTAD Water Supply Project, taking into account the diurnal and 
seasonal variations of water quality of Koduwatuwana Tank and to study the applicability of the results to other irrigation 
tanks in Sri Lanka. 
 
The specific objectives are as follows: 
 

1. To study  the presence of cyanobacterial species and level of cyanotoxins in raw water & treated water 
2. To study the efficacy of treatment unit operations on cyanotoxinsandtaste and odor causingdissolved organic 

substances 
3. To determine optimum operational condition for the treatment units in order to provide satisfactory treated 

water throughout the year 
4. To study the applicability of the results to other surface water sources in Sri Lanka. 

 

METHODOLOGY 
The case study was designed to evaluate the efficacy of pre-chlorination, PAC adsorption, DAF, filtration and disinfection 
in removal of cyanotoxins and taste and odor causing dissolved organic substances from the source water.The normal 
operation of the plant was interrupted and operation sequence was modified as shown in Figure 1 during four 
dayswiththe assistance of the Chief Engineer at the ECTAD Water Supply Project.The samples were collected at the 
source, the inlet and outlets of each unit operation,in the morning and afternoon to capture the diurnal variations in 
quality. It was decided to carry out  four trials during two dry seasons  and two wet seasons since the raw water quality 
reports showed that the quality was significantly varied seasonally. 
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Figure 1 - Operation sequence of the trials 
 

Even though the standard method for determination of cyanotoxins is using the HPLC, due to unavailability of standards, 
it was not possible, and the approximate method using Enzyme Linked Immuno Sorbent Assay (ELISA) strips was used 
instead.For measuring of algae concentration a microscope and a Sedgwick- Rafter Chamber were used.  
 
The type of PAC used at the Plant is a wood based carbon that is imported from Australia. Since several types of PAC are 
produced in Sri Lanka, the possibility of substituting the locally produced PAC was also studied, by running laboratory 
tests on the raw water using the wood based Australian PAC, a coal based local PAC and a coconut shell based local PAC 
having nearly same surface area. These laboratory tests were conducted by introducing different PAC doses to a 500 ml 
flask containing the raw water and allowing it to absorb the organic matter using the shaker, over a period of 60 minutes. 
The Chemical Oxygen Demand (COD) was measured before and after absorption, and the percentage removal of COD 
calculated. Threshold number was also found by diluting the sample with distil water before and after adsorption. The 
optimum and maximum dosages of PAC required were calculated using the isotherms obtained. 
 
Records of raw water quality of the irrigation tanks in Sri Lanka were collected for generalizing the results. Among those 
tanks some are in the Gal oya cascade system, some are in the North Central Province, currently used for water 
treatment projects. 
 

RESULTS AND DISCUSSION 
Algal concentration 
Algae counting results confirmed that raw water of Konduwatuwana Tank has high cyanobacteria concentrations, 
particularly in the dry season.Microcystis aeruginosa is the predominant species, with concentrations of the order of 
10,000 cells/ml. Another Microcystis variant named Microcystiswesenbergiiand Cylindrospermopsiswerealso identified, in 
lesser amounts compared to the concentration of Microcystis aeruginosa(See Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-Algal analysis results in raw water samples during the study period 
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Observations on the diurnal variation of dominant and subdominant species of cyanobacteria found in Koduwatuwana 
tank showed a clear pattern of regular movement. Surface water Microcystis aeruginosa concentration seems to be 
higher than middle depth water in the morning samples, while in the afternoon time Microcystis aeruginosa 
concentration of middle depth water is higher than the surface water. The reason for this is in the morning, 
cyanobacteria discharge O2 molecules as a result of photosynthesis, which attach to the cyanobacterial cells, giving them 
a buoyancy force, and they tend to float. In the afternoon, once the bacteria are at the surface, the O2 molecules are 
detached from the cyanobacteria cells, and they tend to sink. 
 
There is a significant difference between algae counting results of this study and the results of the past latest study 
ό!ŀǇƻƭŀΣ нллтύΦ !ŎŎƻǊŘƛƴƎ ǘƻ !ŀǇƻƭŀΩǎ ǎǘǳŘȅ ǘƘŜ ǇǊŜŘƻƳƛƴŀƴǘ ŀƭƎŀƭ ǎǇŜŎƛŜǎ ǿŀǎ Cylindrospermopsis. Later it was identified 
that Microcystis colony have been counted as a cell in their study. In the counting procedure using Sedgwick-Rafter cell, 
the Microcycstis look like a bunch (See Figure 3) and such a colony is counted as a cell.   Therefore, it is clear that 
Microcystis is the dominant specie in both the studies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-Mycrocystis and Cylindrospermopsis in a sample. 
 
As a guide, three alert levels based on algal cell counts have been determined for drinking water supplies (Padmasiri, 
2004). 
 
Alert level I is when algae counts are 500-2000 cells/ml or where offensive odours or tastes are noticed. Increasing 
monitoring frequency is recommended for level I stage.  
 
Level II is when algae counts are 2000-15000 cells/ml and the algae species is one that is potentially toxic. Further 
intensive monitoring and consultation with health agencies is recommended for this level. In addition to that operational 
changes should be made to decrease the likelihood of supply contamination. 
 
Level III is when algae counts are exceeded the 15000 cells/ml and the bloom is widespread within the water body. 
!ŎŎƻǊŘƛƴƎ ǘƻ tŀŘƳŀǎƛǊƛΩǎ όнллпύǊŜŎƻƳƳŜƴŘŀǘƛƻƴΣ ƛŦ ǘƘŜ ǘƻȄƛŎƛǘȅ ƭŜǾŜƭǎ ŀǊŜ ǊƛǎƛƴƎ ǿŀǘŜǊ ŀǳǘƘƻǊƛǘƛŜǎ ǎƘƻǳƭŘ ǎǿƛǘŎƘ ǘƻ 
alternative supplies or treat the water with activated carbon (AC).  From our results it can be manifested that 
Konduwatuwana tank is gradually approaching from level IIto level III, which indicates the need for considering an 
alternative source or considering that treating water with AC is essential. 
 
Mycrocystin LR removal 
According the results, the raw water always contained Microcystin LR levels exceeding the WHO guideline of 1 µg/l, while 
in the first trial (Table 1) results showed that the Microcystin LR is not detectable in the treated water samples treated 
using PAC. Pre-chlorination without PAC does not appear to help, whereas post-chlorination after using PAC does seem 
to remove the remaining toxins. In the second trial (Table 2), Microcystin LR was not detected in any of the treated water 
samples. This may be due to the lower concentration of Microcystin LR in the raw water samples compared to the first 
trial. 
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Table 1 - Microcystin LR identification test results for dry season 1
st
 trial 

 
Table 2 - Microcystin LR identification test results for dry season 2nd trial 
 

Operations Date 
Morning/

Evening 
Raw water Rapid mixer 

Before 

DAF 

AfterDA

F 

Filt. 

water 

Treat

ed 

water 

With Pre-Cl, 

With PAC 
21.09.2009 

Morning 15-20 µg/l  10-15µg/l  ND ND ND ND 

Evening 15-20 µg/l  10-15µg/l  ND ND ND ND 

With Pre-Cl, 

Without PAC 
20.09.2009 

Morning 15-20 µg/l  10-15µg/l  15-20 µg/l  10-15µg/l  ND ND 

Evening 15-20 µg/l  10-15µg/l  15-20 µg/l  10-15µg/l  ND ND 

Without Pre-Cl, 

Without PAC 
22.09.2009 

Morning 15-20 µg/l  ND ND ND ND ND 

Evening 15-20 µg/l  ND ND ND ND ND 

Without Pre-Cl, 

With PAC 
19.09.2009 

Morning 15-20 µg/l  ND ND ND ND ND 

Evening 15-20 µg/l  ND ND ND ND ND 

Note:  ND ς Not Detected;  NM ς Not Measured 
 
According to the results, the worst treatment option was the treatment with pre-chlorination and without using PAC. On 
the other handas mentioned in the background studies, the rate of inactivation of Microcystin LR is affected by pH and 
contact time, and the effectiveness of chlorine reduces at pH values higher than 7, as well as at lower contact time. In 
Konduwatuwana tank, the raw water pH is greater than 7 during most times, the maximum contact time available in this 
treatment plant is only 22 minutes. A further complication is the arrangement of dosing chlorine, coagulant and PAC all 
at the rapid mixer, simultaneously. Therefore it is clear that pre-chlorination operation of this plant has not fulfilled the 
requirements needed for Microcystin LR inactivation.  Another factor is the effect of chlorine on the adsorption capacity 
of carbon. Because oxygenating the carbon surface decreases its affinity for aromatic compounds. Therefore, it may be a 
better option to remove the pre-chlorination step, and optimize the conditions for removal of the Microcystin LR as well 
as other dissolved organics using PAC, assisted by post chlorination, where a sufficient contact time can be provided. 
 
Most of the time lysing of cyanobacterial cells due to physical stresses, leading to release of toxins. Therefore removing 
cyanobacterial cells using micro-strainers at the intake may be more effective than removing cyanotoxins from the 
water. 
 
Taste and Odor Removal 
As mentioned earlier,taste and odor problem is persistent in the treated water. The presence of offensive taste and odor 
compounds including 2-methylisoborneol (2-MIB) and geosmin in the drinking water supply has also been attributed to 
high algae populations(Tsuji et al., 1997). In 2006, Outokumpu Technology Pty Ltd has measured the 2-MIB and geosmin 
concentrations of Konduwatuwana tank water. (See Table 3) 
 
 
 
 
 
 
 
 
 

Operations Date 
Morning/

Evening 
Raw water 

Rapid 

mixer 

Before 

DAF 

AfterDA

F 
Filt. water 

Treated 

water 

With Pre-Cl, 

With PAC 

28.03.200

9 

Morning >20µg/l NM NM NM 10-15µg/l  ND 

Evening 15-20µg/l  NM NM 10-15µg/l  NM ND 

With Pre-Cl, 

Without 

PAC 

29.03.200

9 

Morning NM NM >20µg/l NM 10-15µg/l  10-15µg/l  

Evening >20µg/l NM >20µg/l NM >20µg/l 10-15µg/l  

Without Pre-

Cl, Without 

PAC 

30.03.200

9 

Morning NM NM NM >20µg/l NM 10-15µg/l  

Evening >20µg/l NM >20µg/l NM 10-15µg/l  10-15µg/l  

Without Pre-

Cl, With 

PAC 

31.03.200

9 

Morning 10-15µg/l  NM NM 10-15µg/l  NM ND 

Evening NM NM NM 10-15µg/l  NM 10-15µg/l  
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Table 3 - MIB and geosmin concentrations of Konduwatuwana tank water 
 

Date Sample collected point 2- (MIB)/(ng/l) Geosmin /(ng/l) 

01/03/2006 Plant Raw Water 18 5 

 Flocculated 9 2 

 Floated 18 5 

 Filtered 8 7 

 Filtered with Cl 4 2 

 
The algae counting results showed that the current algal concentration is about 10- 10

2 
times greater than the algal 

concentrations in 2006, and therefore it can be expected that the 2-MIB and geosmin concentrations also may be 
increased in proportion to the algae concentration. The use of activated carbons is known to be effective in removing 
MIB and geosmin from water (Tsujiet al., 1997). 
 
Due to the unavailability of equipment for measuring the individual organic substances, COD is used as the parameter for 
representing all the taste and odor causing compounds including MIB and geosmin in this study. It was clearly observed 
that COD removal is proportional to the odour removal. Four different water samples were tested for COD and threshold 
number for odour before and after PAC treatment simultaneously. Since the adsorption kinetics and equilibrium capacity 
is dependent on the type of PAC used, adsorption isotherms were obtained for COD removal using three different types 
of PAC. ¢ƘŜ ŀŘǎƻǊǇǘƛƻƴ ƛǎƻǘƘŜǊƳǎ ƻŦ /h5 ƻƴ ǘƘŜ ǘƘǊŜŜ t!/Ωǎ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ лпΦ /ƭŜŀǊƭȅΣ ǿƻƻŘ ōŀǎŜŘ !ǳǎǘǊŀƭƛŀƴ t!/ 
has a higher adsorption capacity than coal based local PAC and coconut based local PAC. 
 
It should be noted that using 100mg/l of wood based Australian PAC, 84% of COD could be removed, while the maximum 
percentage COD removal using the same PAC was 85% at a corresponding dosage of 200 mg/l. In other words, optimum 
PAC dosage of wood based PAC for COD removal of this particular type water was 100mg/l. Resultsof this study have 
showed that the optimum dosages of coal based PAC and coconut shell based PAC were 80mg/l  and 60mg/l, respectively, 
and corresponding COD removals were79% and 72%, respectively. 
 

0

20

40

60

80

100

0 100 200 300 400 500 600

COD Removal %

COD Removal

COD Removal

C
O

D
 R

em
ov

al
 %

PAC Dosage (mg/l)

Wood based Australian PAC

Coal based local PAC

Coconut based local PAC

 
Figure 4 - Percentage COD removal of three different PACs for 60 minutes contact time 

 
The efficacy of adsorption operation also depends on the contact time and pH of water.It was also interesting to study 
the removal efficiencies when the PAC is allowed only the maximum contact time (22 minutes) available in this Plant. The 
results show that the efficiency of all three types of PAC is very much less than optimum and the required PAC doses are 
much higher. Therefore, it is imperative that the arrangements at the Plant should beredesigned to increase the contact 
time of PAC. Adsorption at high pH is often poor than at low pH, because many organic contaminants are weak acids that 
ionize at high pH, rendering them more hydrophilic, and difficult to be attracted to the solid carbon phase.  
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Generalizing the Results 
Algal species of Inginiyagala Tank, Himidurawa Tank and Weeragoda Tank (tanks in the Gal Oya cascade system) have 
been analysed by regional laboratory, Ampara. According to these results the predominant species is Microsystis in 
eachtank.Although algal concentration of these tanks is much lower than the Konduwatuwana Tank algal concentration, 
there is a possibility that microcystin is present in those waters also. Since Cylindrospermopsis also present as sub-
dominant species in each tank, there is a probability that cylindrospermopsin is present in those tanks. Therefore, it is 
essential to check cyanotoxin concentration, if these tanks will use as raw water sources for drinking WSSs. 
 
Institute of Fundamental Studies (IFS) has carried out a study for identifying algal species and counting algal cells in nine 
irrigation tanks in North Central Province. Most of those selected tanks are used as raw water sources of drinking WSS. 
From this analysis they have observed that Cylindrospermopsis isthe predominant specie in every tank. Among these 
tanks Thuruwila Tank (source for Anuradhapura WSS), Nallachchiya Tank (source for Thambuttegama WSS), Parakrama 
Samudra (source for Polonnaruwa WSS), Tisa Wewa (source for Anuradhapura Scared City WSS), Nuwara Wewa and 
Minneriya Tank have high concentration of cyanobacteria, especially high concentration of Cylindrospermopsis. 
Generallyin these tanks Cylindrospermopsis concentration varies 9000- 60000 cells/ml. In addition to that several types 
of Cyanobacterial species have been found from those tanks. However water quality of Galnewa Tank (source for 
Galnewa WSS), Eppawala Tank and Kala Wewa are better compared to other irrigation tanks stated above. 
Cylindrospermopsis is the only one cyanobacterial specie found in those irrigation tanks. The concentration of 
Cylindrospermopsis is very low compared to others. Therefore, it is clear that except Galnewa WSS other four WSSs 
stated above  need additional treatment operations for cyanotoxin removal. It is essential to monitor cyanotoxin 
concentrations of raw water and treated water regularly. Since the pre dominant specie of all of these tanks is 
Cylindrospermopsis, definitely water may contain high amount of cylindrospermopsin. In addition to that water may 
contain various types of cyanotoxins, because many types of cyanobacteria present in those tanks. Adsorption by PAC 
can be recommended for those WSSs. Since according to past studies (Hitzfeld et al., 2000), pre-chlorination has 
effectively removed cylindrospermopsin,it is suggested to study the effectiveness of pre-chlorination for removing 
cylindrospermopsin also. 
 

CONCLUSIONS AND RECOMMENDATIONS  
The following conclusions can be drawn from this study. 
 

1. Raw water in Konduwatuwana Tank has high cyanobacteria content. Microcystis aeruginosa is the predominant 
specie.The results also show that the algae population is the highest in the dry months.According to the alert 
levels have been determined by based on algal cell counts, Konduwatuwana Tank is gradually approaching from 
Level IIto Level III.According to the recommendations for Level III condition, considering alternative source or 
treating water with AC is essential. 

2. Microcystin concentration in the raw water during the dry season consistently exceŜŘŜŘ мр ˃ƎκƭΣ ŀƴŘ 
ƻŎŎŀǎƛƻƴŀƭƭȅ ŜȄŎŜŜŘŜŘ ŜǾŜƴ нл ˃ƎκƭΦ 

3. PAC was effective in reducing the microcystins concentration, while pre-chlorination without PAC does not help, 
whereas post chlorination after using PAC helps to achieve desired removal. 

4. Taste and odor problem is persistent in the treated water. Water contains 2-MIB and geosmin which have been 
attributed to high algae content. 

5. Odor removal seems to be proportional to the COD removal. Laboratory studies showed that the effectiveness 
of PAC in removing COD was depended on the type of PAC and the contact time.Wood based Australian PAC has 
a higher adsorption capacity than coal based local PAC and coconut based local PAC.Sufficient contact time is 
necessary for the efficient adsorption process. It is clear from laboratory experiment that available contact time 
is not sufficient. 

 
It is recommended that when selecting treatment operations for water treatment plants where irrigation tanks are used 
as the source, paying special attention to cyanobacterial and cyanotoxin concentration is essential. It is suggested to 
remove the pre-chlorination step and optimize the conditions for removal of microcystins as well as other dissolved 
organics (including taste and odor causing compounds) using PAC, assisted by post- chlorination with sufficient contact 
time. When selecting the type of PAC for taste, odor and dissolved organics removal, local PACs are also recommended 
with appropriate dosages and sufficient contact times. 
 
However in the long-term, it is recommended to look for a better source of water for ECTAD Water supply project 
considering the fact that the raw water contains high amount of microcystins, and other undesirable constituents such as 
2-MIB and geosmin. 
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ABSTRACT 
Women play a central role in Water resources management as recognized by the concept and principles of IWRM that 
were expressed at the International Conference on Water and Environment held in Dublin in 1992. Women could play a 
major role in practicing correct sanitary practices at domestic levels- in terms of drinking water, sewerage/ drainage, 
sanitary toilets, and solid waste disposal. Women and girls also pay the heaviest price for poor sanitation. In Sri Lanka the 
women amount to 51%. This research was conducted to determine the level of knowledge, attitudes and practices on 
water and sanitation of the women in urban slums in Sri Lanka and the frequency of occurrences of water related 
diseases. The research was conducted using PRA tools and a questionnaire survey, in an urban area in the Kandy District, 
Central Province, Sri Lanka. The urban setting that was selected is a high population density area within the Kandy 
municipality council (KMC)limits. The GN division is Poornawaththa West 240, which is popularly known as the 
Mahaiyawa slums. There is a total number of 1390 households and a population of 5982 out of which the number of 
women is 2978 which equals to 49.78% of the total population. The selected women for the questionnaire survey were 
between the ages of 30 to 40. Motherhood was an essential requirement. The data gathered were analyzed using the 
SPSS software. According to the findings of this research, 66.7% of the women in Sri Lanka possess primary education 
and had a basic knowledge on sanitation and hygiene. This is due to the free education system that prevails in Sri Lanka. 
But the practices and attitudes differed and were of a very low level. The women in the urban slums face a lot of 
difficulties in practicing proper sanitation, because the population density is very high. 46.6% of the households in the 
urban slums did not comprise a latrine. They were compelled to use the public latrines that are provided and maintained 
by the Kandy Municipality council. Women and children were the most affected by it. It was observed that open 
defecation was a common practice among children and women at nights as in and around the public latrines a lot of 
illegal activities are carried out during this time. Slum dwellers are considered to be essential for the survival of a town as 
they carry out the most janitorial activities. Their lifestyles are backed by politicians. The solutions of lower levels of 
knowledge, attitudes and sanitation practices of women can be categorized as follows: Creating supportive and healthy 
environments, Strengthening community action, Develop personal skills and creating awareness, reorient health 
services. 
 

BACKGROUND OF THE STUDY 
 
 ά²Ŝ ǎƘŀƭƭ ƴƻǘ Ŧƛƴŀƭƭȅ ŘŜŦŜŀǘ !L5{Σ ǘǳōŜǊŎǳƭƻǎƛǎΣ ƳŀƭŀǊƛŀΣ ƻǊ ŀƴȅ ƻŦ ǘƘŜ ƻǘƘŜǊ infectious diseases that plague the developing 
ǿƻǊƭŘ ǳƴǘƛƭ ǿŜ ƘŀǾŜ ŀƭǎƻ ǿƻƴ ǘƘŜ ōŀǘǘƭŜ ŦƻǊ ǎŀŦŜ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊΣ ǎŀƴƛǘŀǘƛƻƴ ŀƴŘ ōŀǎƛŎ ƘŜŀƭǘƘ ŎŀǊŜΦέ 

Kofi Annan, United Nations Secretary-General (2001) 
 
The World Health Organization reports that 2.4 billion people in the world live in highly unsanitary conditions and have 
such poor hygienic behaviour that their exposure to risks of incidence and spread of infectious diseases are enormous. 
(WSH report 2011) 
 
More than 80% of diseases that affect humankind are water related. Water related diseases (since they spread through 
contaminated food and water) are common in Sri Lanka and diseases such as Hepatitis A, Typhoid fever, viral 
gastroenteritis, Giardiarsis could be prevented through better hygienic practices. Sanitation acts as a barrier for disease 
transmission and created an environment which is free from contamination and disease promotes health and hygiene.  
 
Providing access to improved sanitation and good hygiene practices would help break the fecal-oral pathogen 
contamination of water bodies, yielding benefits to health, poverty reduction, well-being and economic development. 
(WHO, 2006). 
 
/ƭŜŀƴƭƛƴŜǎǎ ǎƘƻǳƭŘ ōŜƎƛƴ ǿƛǘƘ ŀ ǇŜǊǎƻƴΩǎ ƛƳƳŜŘƛŀǘŜ ŜƴǾƛǊƻƴƳŜƴǘ-άIƻƳŜέΦ ²ƻƳŜƴ ƘƻƭŘ ǘƘŜ Ƴŀƛƴ ǊƻƭŜ ƻŦ ŘƻƳŜǎǘƛŎ 
responsibilities and could play a major role in practicing correct sanitary practices - in terms of drinking water, sewerage/ 
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drainage, sanitary toilets, and solid waste disposal at domestic levels. 51% of the population in Sri Lanka is women as 
such their contribution to the overall health of the country is substantial. However, it is women and girls who suffer most 
from poor sanitation. 
 
Proper sanitary practices include using and cleaning a latrine, wearing slippers when using a latrine, washing hands, 
bathing, using soap and other detergents, environmental cleaning, etc. In addition to these, water storage and 
purification practices also contribute to the health of the water consumers. Removing household wastewater is an 
important environmental health intervention for reducing disease. Poorly drained household waste water forms 
stagnant pools provide breeding sites for disease vectors. Household wastewater may also contain pathogens that can 
pollute groundwater sources, increasing the risk of diseases.  
 
These sanitary practices and facilities might differ from urban to rural settings and also may differ according to the 
knowledge and attitude and practices of women. Though 80% of Sri Lanka is defined as rural (Census and Statistics 
Department, 2001), the urban community is growing at a rapid pace. And there perhaps exist a noticeable difference in 
the sanitation practices and living conditions of women of the rural and urban areas. Environmental pollution and waste 
generation are seemingly higher in the urban areas which may be due to the higher population density. Rapid, unplanned 
and unsustainable patterns of urban development are making developing cities focal points for many emerging 
environment and health hazards. As urban populations grow, the quality of the urban environment will play an 
increasingly important role in public health with respect to issues ranging from solid waste disposal, provision of safe 
water and sanitation.  
 
This research strives to determine the level of urban poor women in terms of their knowledge, attitudes and practices on 
water and sanitation and the frequency of occurrences of water related diseases. 
It is common knowledge that there is an inseparable relationship between health issues related to water and the 
environment and it is vital to find out the intricacies associated with this relationship. Water related diseases remain a 
cause for concern as more than 80% of diseases that have afflict people are water related. (WHO,2003)  Furthermore 
there is a significant disparity between the urban and the rural way of life. Knowledge, Attitudes and Practices of women 
are a key component when it comes to the overall health of the society due to their responsibilities in taking care of 
children and also in maintaining clean households; thus it is imperative to study the factors affecting the differences of 
Knowledge ,Attitudes and Practices (KAP) of poor urban women. 
 

METHODOLOGY 
The research was conducted in a highly populated urban area in the Kandy District, Central Province, Sri Lanka. The GN 
division is Poornawaththa West 240, which is popularly known as the Mahaiyawa slums. There is a total number of 1390 
households and a population of 5982. Out of the total populations 2978 were women which is equal to 49.78%.Transect 
walks through these two areas were carried out to comprehend the situations and observe the facilities and sanitation 
practices of women. To understand the factors that impact, the knowledge, attitudes and practices of women an 
interview administered questionnaire survey was conducted. The questionnaire focused on acquiring data on their 
sources of water, sanitation facilities, sanitary practices, attitudes and knowledge regarding water borne diseases. A 
sample of 30 women from this area was selected to be questioned for primary data collection. The selected women were 
between the ages of 30 to 40. Motherhood was an essential requirement. This was due to the fact that mothers carry the 
responsibility of bringing up the children and all other domestic duties.Then the questionnaires were analyzed using the 
SPSS (Statistical Package for the Social Sciences) software. 
 
Other participatory appraisal tools such as focus group discussions (FGD) with the specified women were conducted. 
Focus groups consisted of 8-10 women fulfilling the same criteriaas the participants of the questionnaire survey.Key 
Informant Interviews (KII) were conducted with health officials and other relevant government authorities in the study 
area to triangulate the information regarding the incidences of health issues related to water and population densities. 
The Community Health Officer of the health department, Kandy Municipality Council, who is in charge of Poornawatta 
west GN division, was interviewed and secondary data were collected from their records.  Chief water Engineer of the 
Kandy Municipality council, the deputy project director and the project engineer of the sewerage and waste water 
treatment project of the National Water Supply and Drainage Board (NWSDB), Kandy were also interviewed under the 
Key Informant Interviews. The chief sociologist of the NWSDB was also interviewed with special emphasis regarding the 
attitudes of women on water and sanitation. 
 

RESULTS AND DISCUSSION 
Mahaiyawa spreads over a land area of 10 acres which is legally owned by the Kandy Municipality Council (KMC). There is 
a total population of 5982 in the area out of which approximately 50% are women. Most of the dwellers arelabourers or 
minor workers of the KMC and some of them were given pieces of land in this region in the past. There are other houses 
ǘƘŀǘ ŀǊŜ ƛƭƭŜƎŀƭ ŎƻƴǎǘǊǳŎǘƛƻƴǎΣ ƪƴƻǿƴ ŀǎ άǳƴŀǳǘƘƻǊƛȊŜŘ ǎŜǘǘƭŜǊǎέΦ ¢ƘŜ ǳǊōŀƴ ǎƭǳƳǎ ƻŦ aŀƘŀƛȅŀǿŀ ŀǊŜ Ƴǳƭǘƛ ŜǘƘƴƛŎ ŀƴŘ 
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multi religious. Majority were Hindus while there is an equal number of Christians and Catholics.  There are also a 
considerable number of Muslims, and a rather small number of Buddhists. Mahaiyawa consists of a lot of people who do 
important odd jobs that others in the society refuse to undertake. Janitorial services, garbage collectors are few such 
jobs. The service rendered by them to the city of Kandy is usually undervalued and neglected.  
 
One of the essential services for any community is water. Mahaiyawa has a municipality water supply scheme. Some 
households, who are more economically stable, had water supply to their own house while others used the public water 
taps. A public water tap is averagely shared by 8-10 families and the water is free from these public taps and has a water 
supply of 24 hours a day. 46.7% of the women in the area depend on it for their water requirements for bathing and 
washing clothes. Bathing places covered to safeguard the privacy of women are kept in good condition, modified and 
renovated with foreign funds. There are no regulations to control water usage of the inhabitants. They do not have to 
pay any fee for the water that they are using from these public taps. 
 
It was noticed that there were taps with running water even when not in use. Due to years of free water supply there is 
an attitude generated among the dwellers that water comes at no cost. Whenever something is provided for free, it is 
given less value and less consideration. Hence, people are not motivated to take any action to save water. 
 
The participants of the survey were asked whether they boil water for drinking and were given three options to select. 
The percentages of women who boil water regularly, occasionally and never are given in the table below.  
 
Table 1 -percentages of women who boil water regularly, occasionally and never 
 

Area Regularly Occasionally Never 

Urban 30% 43.4% 26.7% 

 
They were also asked the reason behind the answer given.Due to the primary education that they have received, the 
majority of women in Sri Lanka are aware that water can cause sicknesses. Over 90% of the women agreed that polluted 
water can cause ill health in humans. Although it is an accepted fact that boiling is a method of infection, only 30% 
women boil water for drinking regularly.  Women who boil water are an extreme minority, they particularly said that 
their children disliked the taste of boiled water and hence they preferred not to boil the water.  
 
 Another reason given as to why they only boil water occasionally was as they have limitations in time. They have to 
spend a lot of time standing in queues to collect water, and to use public latrines especially in the mornings when 
children have to be sent to school. 40% of the urban women used kerosene oil for boiling water. The rest used firewood 
and gas. In the urban slums means of boiling water is costly, as even the firewood costs them money. Hence boiling 
water is an additional cost for them. Some mentioned that they boil water only for children and adults drink water 
straight from the taps.  These facts show that women are aware of the advantageous of boiling water. They have been 
taught that at school or by their elders. But due to lack of finances and time limitations they do not use this simple 
method of disinfection of germs and pathogens of water. 
 
The KMC has provided public latrine facilities to this community as most of the households do not have the required 
space to build a private latrine. A line of latrine consists 4-5 units of latrines. These are placed at 9 different places in the 
area, and have a total of 92 units of pour flush latrines. There had been renovations of these latrines by various 
NGOs.The municipality council is responsible for maintaining and cleaning these latrines, 3 municipality council janitorial 
workers are assigned to clean them each morning. Every Monday and Friday they clean the pits using gullies of the 
Municipality Council. During festivals the pits are cleaned daily. Also the families contribute Rs.30.00 every 3 months to 
buy necessary detergents and antiseptics which are used for the cleaning. And the users conduct shramadhana 
campaigns to clean the latrines they use. The graph below shows the facilities of public latrines available.  
 
 
 
 
 
 
 
 
 
 

 
Photo -Public Latrines in Mahaiyawa 




