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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 whichearly 2012had identified the limited opportunities available to young water
professionals to contribute tavater sector issues as a constraint to the development of the sector. The YWPS was
planned as a platform where these midareer water professionals could make their voices heard and present
innovative solutions that could be adopted to better plan andnmage water resources in Sri Lanka.

SLWP is thankful to its sponsors the International Water Management Institute (IWMI) and U#ileedrfor meeting a
large poportion of the costs of YWRd for enabling SLWP to hold this event on a scale thatgedwa high degree of
impact anavisibility.

Six themesvere includedn a comprehensive portfolio of subjects and issues to be addressed and dealt with through the
YWPSThirty papers were selectedrom over 55 abstractand an opportunity was providedof 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 Comnptesenéng SLWP, IWMI and
Unilever Pureitwho 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 tle€CGuest 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 BirdgcRir 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 effortsage the YWPS such a successtant are also greatlacknowledged.

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 Kaseotaka 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 Wanasaredgratefully
acknowledged fortheir servicesin editing the proceedings and Mr. Thakshila Premaratne for the logistical and
administrative support duringnd after the event.

Kusum Athukorala
Chair SLWP & Organizing Committee YWPS

March 2013
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Report on Proceedings
Young Water ProfessionaBymposium (YWPS)

Introduction

G¢26FNRa F 2FGSNI { S$OdzNB CdziidzNB¢ o1 a4 (GKS GKSYS™an@2dtiks { ¢
November 2012 in Colombo. Organized by the Sri Lanka Water Partnership (SLWP) and sponsored by the International
Water Management Institute (IWMI) and Unileveureit Sri Lanka, the symposium afforded the opportunity for young

water professionals to prese 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, highligleisearch 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, privdemicand 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 emerordeseders 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 gfradesger

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-adaldwity,

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 sessiord 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, floodppllution 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/groateiwinfrastructure 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 enéstions 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 wasttended by over 150 invitees that included water professionals from the state anestabe
sector, academia and the private sector. The Tech@eakions had over 60 participants representing water interests.

Inaugural Session

The opening of the Symposium was or®2ovember at the Bougainvillea Ballroom, Hotel Galadari, which commenced
with the traditional lighting of the oil lamp at 9.00 a.nfol]lowed 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 Nabetd¥inner on Sustainable Water
Resources Management (SWARMoverty, 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 wetoed 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 withinthe 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 &ybung 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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problems through the lenses of future managers. It offered practical and effective ways farangier professionals to

follow their interests and build their skills. Sri Lanka is one of the fastestlal@mng 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 p@repeand 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
AYAGALFGABGS® ¢KS LI NIOYSNEKAL KAIKEAIKGA AdGa O2NLIRNIGS
Sustainable Living Plan that identifies ways in which it can enhance positive social impact in a manner that is
environmentally and econoially 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 tRuileier

vision is to improve the lives of 500 millipeople 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.sigha stated that the increasing
ecological footprint of human consumption and poverty linked to unfair world income distribution is now further
O2YLRdzyRSR o0& OfAYIFIGS OKIy3aSed ¢KS AaadzS 2F G NALWEES O NASIN
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. fe 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 randelonate 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 crisesd 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 capacitydevelopment of the poor who suffer the most due to poor water segurifoung 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 espectally youong

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 flly 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. Thale 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 ipamant 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 followeatnediately 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 form 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 tmlaboration 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 presentatidressed 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 thesesifagwn 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 anckpratti
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 agricture 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 commaodity
in infrastructure construction and magement.

Day 2

Session 2

Session ChaibDr. 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 andanitation, 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 umknorigin(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 causedisehise.

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 planthouse 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 presentsvho 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 presesteessed 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 tieenie 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 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 thsowwghan 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 ofhis 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 ChaiProf. Nimal Gunawardena

Raporteur Dr. M.M.M. Najeem

5108 (6203 LINEINI YNSsiod,2hg pahehdisCussiorzafd closng 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 oss 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 preence ofP. aeruginosan bottled water and identify and evaluate the efficacy of ultraviolet
(UV) radiation in eliminating it in source water used in the bottling industry.



The next presentation under the above theme but addressing health/sanitationavwase 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 asseséthensocial 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 Prioritiein 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 redred 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 aquatimbheatlhin an urban wetland
through the onsequences of heavy metal&Eaphlyctus hexadactylgdian Green Frog)

The next presentation of the morning session was titled Quantification of Potential Impacts of Urban andbBeri
Agriculture and Forgtry under the cross cutting theme of climate change adaptation and risk management suggested
that urban and perurban agriculture and forestry are viable options to mitigate climate change.

The effect of climatic factors on the mortality rate of GHWwas presented by comparing monthly temperature, rainfall,
water capacity of reservoirs, water issue patterns and farming seasonality with monthly mortality & G a period

of 10 years. The presentation titled The Role of Environmental Factors dPathegenesis 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 rofattan in Modern Sri Lanka
highlighting the need for looking at sanitation infrastructure, toilets and fittings from atremttional and location

specific perspective. A critiqgue of the now established and standardized pour/flush system used witteoeihee 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 UnileventRtaHorana. 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, delivesgeardhr 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 difficut 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 resourcesf 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 werklddedith 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 / IWKticused on the global perspective of some of tallenges 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 onléreebal

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 waiteg lifevices 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 livelbergefits 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 projet 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 tlat 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 financipbgupr 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 andingranobile 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 hathesked

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 spgcificall
what couldan 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 stidag 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 sdltht 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 bewhde 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 dvaes thet lohsics. 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 withohefbokware. 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 suspkatethese 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 reonsumed.

He said that there is the argument that environmentally sound practices careathieved 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 mittulle flush toilets are

now fashionable but sanitation is unsatisfactory and Sri Lanka is nowhere near Yhee@tlry. Sri Lanka had better
sanitation practices in the early centuries, but the country seems to have lost its way in the middle. Ancthaigl hs

not right.

The young water professionals, therefore, should take up this challerigek at the past, the present and the future
that the country is heading to, not only through organizational aspects but also more importantly by strengttieming
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 makihét 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 fosalcezd to society, any
society. Selfeliance and stability depend on those things. It appears that some of the fundamentals are forgotten.



For example Sri Lankan activated carbon is exported but it is inconceivable that Sri Lanka prefers to seliafléor
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 &s 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 theyll 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
professionad 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 mos 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 inetfield. He compared the current situation with those who were
GNI AYySR Ay GKS mdptnad 2N SEFNXIe& mdyna YR aFAR GKFG G2RI
because there is no mentoring.

Secondly, young professionals are confezhwith disincentives. What Sri Lanka has done most successfully with regard
to young professionals is to export them to developed countieSri Lanka is one of the biggest exporters of
professional talent in the world.

There are disparities in remuregion 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 reraration.

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
Unilewer 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 beenedeloped 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 contriiitthey 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 lutygervghile 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 aspets 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 ebates 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 nexumerface where media personnel come in.

brtl1F Ddzyl ¢ NRSyS alFrAR GKIFIG 2yS 2F GKS LIKNIasSa GKIG
R26yAGNBIF YéZX GgKAOK adzya dzld 6KI G GKA& aSOG2NI A& | o62dzio
Each and every one in turn has a downstreampact 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 discussiddne 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 iha&ia. 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



dispassionate discussion is often not possible or does not happen. He said that one ointisehe 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 measung 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 howqgple 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 thel talk to experts or researchers such as those gathered here
today.

t S2LX S NBFOG G2 GKSAN LISNOSWIIA2ya YR LREtAGAOALIYa NBIO
shape public perceptions by capturing it, amplifying it and sometoEfusing 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 netlevelelbed field

in this country. Very few sueys 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 falben 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 Nhistry 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 haperceived 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 watshortage 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 iropalitnate change. These are
ordinary people; farmers, shop keepers, school teachers, housewivest technical persons although there were a few

as respondents were selected through random sampling.

Perceptions like these cannot be analyzed too ded@cause 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 whahese 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. Gunawdena 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. & b@acome a one liner. But there was no deeper
probing. Interpretation of the data depends on those interpreting; itvhether activists or journalists come into the
debate. Activists and certain development professionals say it is a bias in public pthiEng say that it is culturat

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 lookhkdhéadilines.

aN¥» Ddzyl 6 NRSYyl &lFAR GKIFIG KA& ySEG O2fdzyy Aa GAGESR we
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 activisttieas 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 eagareal 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 as¢ g@ups who get in to the
spotlight and distort the discussion. He asked what water professionals can do in such a situation.



He presented two concluding thoughts. One, the water professionals have data and insights that would enrich these
debates andliscussion 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 thatra 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 abazdsts of water supply. But, Mr. Nalaka Gunawardena said the activist should not be
feared - they have a particular point of vievibut rather they as well as other stakeholders should be engaged in the
water debate. It is necessary to have more water vgioesv 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 understagtzltbas

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 necesary 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 thaduaefour 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 ithafis 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 professionalsaarextremely 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 thase who ar
not here, are in their peak with25 to 30 years left in their cardée. said that we are investing in a pot of gold and
consequently we have to recognize them and their work. Most of the acitine academics, media, the private sector,
government agencies, researchers, the scientists, the development practitioners preseated 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 presentetssrfirst 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 &VMI 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 sebtave 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 aypriortake 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 issueg telatater 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 disougenerated many ideas. She questioned as to who
decides on water in Sri Lankas 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 shéftsadtor?

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 takig up these issues. For example, the book tithguita Galapena Arthika Kramaveday 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 issuiesm 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, nas of activists.

8



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, particularl
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 oretésion, 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 blackvarite. 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.

Cbsing Remarks

Kusum Athukorala, Chair SLWP and Chair of the YWPS Organizing Committee made the closing remarks. She started b
thanking the sponsors without whose support this symposium could not have been held. She said that when the Sri
Lanka Water Pyt SNE KA L] Y22GSR GKS ARSI 2F | @&2dzy3 & G§SNJ LINR T
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 Intite 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 tinapittation 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 aktt.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 &rika.

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 centref dJnilever 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 maygung 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 inspiringrimering 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 gustainability 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"18f December 2013.

She thanked Ranjith Ratnayakeenidka 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 KusuAthukorala 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 caching. 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 sect@lligncompassing 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 evidehased 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 Pi8wiilegly
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. ltis necessary to go to the field and engage with communities.

4. In 2000, the World Water Forum t&athe decision to access political decision makers. The work that is
R2yS A& dzadztte R22YSR (G2 aAixid Ay | 0dz2NBIF dzONY G Qa OdzLl
is necessary to convert the research that has been done into good commonicaiéssages 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 itmgmhtdi
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 butladlve 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 avatitaBie 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 symposiurthe/iditading

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 twa 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 witkecesp 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 100,00&buld cover participation of the aardee at an appropriate water event subject
to the concurrence of Unilever and SLWP.

Ms. Sutharshini Arasaratnam was ranked first based on her paper and presentatiopact of agricultural activities on
groundwater quality and its suitability for drimg in Valikamam area, Jaffna Peninsula.

Ms. Indika Gunawardena was ranked second for her paper and presentatiochnalysis 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 presentdtigpach of
extensive agriculture on groundwater chemistry in the Eastern part of Sri Lanka

All three were presented with Letters of Award at the SLVdRnRers Forum on 18th December 2012 held at Hotel
Galadari.
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Papers Accepted for YWPS

Papers selected for presentations
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Flood mapping using synthetic aperture radar in the Kelaminga
andthe Bolgoda Basins, Sri Lanka

Chamindi Kudahettg@nd Rogier vander Veltle

Water ResourceBoard, Colombo 7, Sri Lanka
2Department of Water Resources, Faculty of-Gdormation Science and Earth Observations,
University of Twente, Enschede, Netherlands

ABSTRACT

Kelani ganga and Bolgoda basime adjacent basins within the wet zone of Sri Lanka andalogect to frequent floods
specifically,during the southwest and second inter monsoon episodds 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 thisudywe haveemployed a series VV polarized Advanced SAR (ASAGR) Moae (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 derivedThen,colour compositesvere createdto better visualize the various landscape features within

the study area. Thenajor land cover categorign the study areavere identifiedwith the help of high resolution optical
images. Four land cover categories could be identified, warehopen water, periodically flooded area, nfilaoded

area and urban areg&Supervised maximum likelihood classification technique was usedto extract this information from
the time series statistical parameter imagasd theoverall classification accuraeynd kappa coefficient were observed

to be 88.35% and 0.84espectively. 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 aredth respect to the rainfall inputs, temporal variaton ofmean 2 ¥ (KS t
was analyzed for individual ASAR images and for sequences of five consecutive ASAR images over the period 2005 to
2007./ 2YOAYlLGA2ya 2F (GKNBS 7T GlicRadiBng of th& RFA knd tlasEfiedNhageg Sugdedt =
that three flood vulnerability zones can be distinguished: Zone A, Zone B and Zone C.cdosistd osoutheast part of

the Bolgoda basimnd hashigh vulnerabilityto flood. Zone Bconsists ofsouth of the Bolgoda basin and downstream

area of the Kelani ganga basimd hasmoderate vulnerabilityto flood. Zone C has low vulnerabilitp floods and

consists ohortheast part of the Bolgoda basin

INTRODUCTION

Kelani ganga and Bolgoda basins (Figyrare adjacent basins located within the wet zone of Sri Lanka and subject to
frequent floods,especially during the southwest (SW) monsoon (18gptember) and second inter monsoon periods
(October ¢ November).Downstream area of the Kelaniganga basireroalmost 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 Kadisarats. In addition, this

area is used for rice production. Thereforegreepared 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 Sphdistribution 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 stegiefeeloping flood risk management strategidéerz,

et al., 2007and can serve several purposes among which are raising awareness among peogle atdridecision
makers, providing information for landse planning and urban development, investment planning and priority setting,
helping to assess the feasibility of structural and +stnuctural flood control measures, serving as base for deriviragiflo
insurance premiums, allowing disaster managers to prepare for emergency sityMenzs et al., 200)
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Figurel - Location map of the study area

Variousresearches 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 surfacean 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 tkdo 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 coverafitorritta, et al., 2008 Additionally, the great sensitivity to standing water pern8R 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 managéBidBaldassarre, 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 observ®idusenti, et al., 2011 Thus
monitoring floods from space in near real time is currently only possibteutth low resolution SAR image(ii
Baldassarre, et al., 20).1Up 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 Serbiriy(ERL/-2), Environment Satellite (ENVISAT), Radar Satellite (Ra@3rsat

that can be used for flood mapmy. For the Kelaniganga and the Bolgoda basins, SAR data sets are available from
archives of ER¥-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 Kedaniganga 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 protectioceoffiand 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 sateliifesiftom 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 a@ derived on a pixel basis.Use of a series of satellite images to prepare flood extent map is better
ddZA GSR (KlIy GKS dzaS 2F FS¢ AYIF3IS&a aiAyoS Ad OlFy NBRdAzOS
alYyS aSyaz2Nna A YrmedMoikeoveritim&serRdafalyS\Bolgh imiage fusion can extract the features
from source images that impossible to derive from individual images and provide more information since the improved
interpretation capabilityWen & Chen, 2004

STUDY AREA

The study area consists of the downstream areas of the Kelanigangadrabithe Bolgoda basin (Figure 1) between
longitudes 78p ncBp Q@ 9 Y ROnfAIINAQI deRiS AL Gc 6 Sf 2y 3a G2 GKS 6SaiSNy |
area of approximately 870 KmThis area receives an annual amount of rainfall of 28000mm; 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 reaehs=satht

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 hasan area of approximately 347 Krand the depth ranges from-66 m.

DATA

Advanced Synthetic Aperture Radar Data

In this research, Advanced Synthetic Aperture Radar (ASAR)Muatpe(IM) geecoded 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 r
and a ground resolution of approximately 25 m. We have obtained a total 0f39 ASA¢bdded 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 andldigitade data are used as the ancillary data

of this research.lssitu 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. Moréaily 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 spedolar reflect
when the water surface is smoo{lDi Baldassarre, et al., 2011s 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 resultinga 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, Stafigtirameter images, Classification and Verification. Details

2T (GKS YSGK2R2f 238 | NBRA&aOdzaaSR dzyRSNJ awSadzZ & FyR 544a0d

RESULTS AND DISCUSSION

ASAR Image Processing

ASAR IM images were calibratedto obtain the radar backscatter of the reflectingeswifactly 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 movingifitiem.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 ofthis research. To obtain a high quality ASAR data, filtered images wepeojexted (co
registered)with sukpixel 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 olpservatio
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 backscatter2 ST FAOASY (G 0 c0 FtdzOildzZ GA2ya 6AGKAY (GKS NBaLISOG A
YFEAYdzY adl GAaGAOrt AYIFI3Sa Oy 68 dzaSR (G2 ARSydGATe (G(GKS
basis.

Figure 2 shows the statisitparameter images: (A) mean, (B) standard deviation, (C) minimum and (D) maximum of the
FAOSYRAYAAYEFIAS O6HH AYFIASao adl 01 ¢AGK GSYLRNIt O2@SNI I
2A), it can be clearly seen that water surfaces hBMe NJ SNJ (i2ySa aAyO0S t2¢ "¢ RdzS G2
smooth water surfacéMason, et al., 201)0 Land surfaces havea range of brighter teisince 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 backscatterjsmtiiehted 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
FSI GdzNBa FNBE y23 OKIyYy3ISR YdzOK 068 GKS GAYR 2NINFXAYy I OGA?2
the very smooth dark tone in the minimum statistical parameter image (Figure 2C) whereas land area shows bright tones
aAy 0SS KA I, the petiedzaN®Bl@oded area (PFA) becomes apparent in the minimum statistical parameter
AYIF3S®d CAIdzNB w5 aK2ga GKS YFEAYdzY "¢ OFtdzS 2F GKS NBal
y2G YIFIAYUllFrAYySR GKS £26SNJ "¢ O6RFNJSNI G2ySuvo

9.1 N TR 0 328

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 ainite 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 ldadses 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 taeed,agd 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 agegori

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 buifi areas (Figure 3B). Further, green colour represents the non
flooded areas (RA) (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) greem non-flooded area (D) purpleperiodically flooded are

Backscatter Analysis

To examine the backscatter response frankK S NB A LISOGA GBS I yR O0O20SNJ OFr(iS3I2NRSA
land cover class. We selected the 5 training data sets (region of irte@bBfor each land cover category, such as5 ROI

sets forOPW. We use the backscatter data to analyse th@doeah 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 oateand then again analysed the temporal
aidlrdArairndaed Caylrttezr YSIy “¢c 2F (GKS NBaALISOGAGS tFyR 02
the further analysis in this research.

Using this statistical analysis, we can idenfift S R&y Il YA O c NIXy3IS F2NJGKS Ittt 1yl
in between20and-H R. ®ht 2 Kl &a GKS f2¢Said "¢ GKIFIYy GKS 23KSNJ

o f1I
smooth water surface (Table 1). Urban area has the®ighi ¢ 2F | ff (GKS F2dzNJ ARSY (AT
RAFTTFdzaS NBTESOlA2y RdzS (2 (GKS NRdzZAK ada2NFIF OSd 2SS OFy &858
since urban areas mostly consist of stable objects such as bdildingd NA R3ISad ¢KS "¢ adlkdAadac
0SG6SSy ht2 YR (G4KS dzNbBlyod bC! KIFIad KAIKSNI "¢ (KlFy tC!
inundation and therefore radar signals scattered away from the radar antenna. Mdikkve t C! akKzga | R

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 resul{merged 5 ROI) of the imagestack (262607)

Land cover category I\éléa;)n Standard deviation (dB) er(lérgl;m Ma(i;rg)um
Open water (OPW) -12.21 4.40 -19.94 -5.07
Periodically flooded area (PF;, -7.88 2.10 -12.94 -3.44
Nonflooded area (NFA) -6.93 0.91 -8.67 -5.18
Urban -4.42 0.94 -6.26 -2.72

Classification

The SPMC were subjected to maximum likelihood supervised classification technique since it gives more reliable
Of FaaAFASR AYI3ISd C2NJ GKA& LIzN1I2AaSZIYSNEHSR whLQaF2NJ S| (
classified image consists of foland 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 distributionhef 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.
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OPW area demarcated the permanent water bodies. As such, this methndbe 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 areueatly 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 resolut®@m(tadar images (ex: TerraSXR 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 af®teson, 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 nesttstern and soutleastern parts of Bolgda 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 imageatiassific

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. Thereforalidation 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 methodgMerz, et al., 200y 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 tlaecuracy 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, fo
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 anldnd 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 cmsecutive images. Then they were used to create another 15 SPMCs by producing statistical parameter images.
Temporal coverage starts from32005 and ends at-2-2007 and has 19 sequential images with approximately 35 days
temporal resolutions. Aim of usj 5 sequential months to create the SPMCto study land cover changes along the
seasons. SPMC no. 4 and 13 cover the combination of southwest (S\A/)dantémnonsoon seasons and SPMC no. 9
covers the combination of northeast (NE) aritiriter monsoonseasons.

ht2 akKz2ga (GKS t26S40 "¢ oKSNBIA | NDly aK2gad GKS KAIKSAEL
' NDFy® bC! aK2ga KAIKSNI "¢ GKFIy tcCc!o LG YlIeée Llaairofte R
The temporal@+ NR F GA2y 2F GKS YSIy "¢ @FtdzS 2F GKS ht2 aKz2g¢a
moderate fluctuation. NFA and Urban area show minor fluctuation (almost constant) with respect to the other land
covers. Although OPW has shown high fluckugty 6 CA 3dzNBE noX A0 A& AYRSLISYRSyd 7T
fluctuation range (5.54 dB) of OPW may possibly due to waves on the water surface caused by wind and rains. However,
6S Olyy2G 4SS KAIKSNI NIy3aIS| gERBARAXFGSNBYOSc2XYy bDCRTI YR!
ndépc R. 6¢Fo0fS HOXZ NBaAaLSOGAGSted CAdzNIKSNE "¢ Nry3aS RAT
within different features such as vegetation, soil, and homestead. Variation wflddounce backscattering between
@S3SGFGA2Y YR gl GSN) adz2NFIF OSa O2dz R 0SS GKS L2aarotsS NB
NEYFNLFotS RSONBIFaAy3I GdNByRa 2-Fand stackOb. 23 RRyuréi43/8gordingyfo 6 S &
these important facts, a detailed investigation of the PFA backscatter in relation to time and precipitation is needed. For
GKFG LlzN1J2aSz YSty "¢ 2F (GKS tC! gl & LIX20G6SR F-gthangad af
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, classifigthages 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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Land cover category Difference (dB)

value (dB) value (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

I O0O2NRAYy3I (2 GKS "¢ FtdzOldzr GA2y 2F (G(4KS tcCc!'3x S OFy ARS
{tal/ y2® mMZI H YR o 6t | Miherstacks FKRessi and ieSan KxpeeSsiinundated areas 2 y
than others. Also, time duration for these three stacks is freBZ05t0299-H nnp +F YR (GKS NBft I GASBSt
dry condition than others sincemore double bounce backscattering dubke low flood inundation. This situation can be
positively proved by the classified images no. 1, 2 and 3 daly, 2005) in Figure 6 since these images show relatively

low PFA than other classified images (visual interpretation). In addition, thenbhsaverage precipitation corresponds

to part | is showing somewhat decreasing trend. In fact, Part | 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 bastn6)Fi
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Figure 5 Temporal variation of PFA with 5 months averagsiin (Ratmalaa and Hanwella group stations)
and GLDAS precipitation (262606)
* SW southwest monsoon, 2 inter - 2" inter monsoon
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¢CKS {ta/ y2Qa-JulydB®3ugpandrdn 12 to H3(@8luly to 06Aug) have shown almost similar strong
decreasing trend (Figure 5) with respect to others. Depression for the SPMC no. 3to 4 and 12 to 13 are 1.07 dB and 1.03
dB,respectively. In addition,these two incidents has similar tempcoverage for the corresponding years and SPMC no.

4 and 13 represent the combination of entire typical SW alfs@r monsoons periods. In addition to that, all theditu

and GLDAS precipitations show the increasing trend corresponding to thess gtaglkre 5).

' FGSN) {ta/ y2¢ o G2 nX 6S OFry 4SS O2ylAydzade 2F G(KS f2
within the period of 166-2005 to 274-2006. In fact this time period mainly represents both the SW and Menger
moydaz22y LISNAR2RAa® [26 "¢ Aa RdzS G2 GKS Y2NB &aLISOdz I NI NB
situations in Part | over the PFA. Therefore more PFA can be expected during these periods. So, it can be seen by the
classified images frori5-August to O&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 basind most of the areas in the downstream of the Kelaniganga basin (Figure 6).

Again after 06WI ydzl NB o6{ta/ y2® yozX ¢S Oly &SS -JangaxySo OFgbHB | aA Y
(SPMC no. 8 to 9) since the more diffuse reflection than pusvitue to lowering of the flood water level with decreasing

of precipitation (Figure 5). This situation continues untidJody (SPMC no. 12) with minor fluctuations (Part Ill)with the
precipitation. Temporal coverage for these SPMC is fret2-8005 to 149-2006.In this PART Ill, mainly SW monsoon is
responsible for the flood inundation. The classified images corresponds to these pericHEshM&ry to 0&luly) are

showing the results as we expected. In Figure 6 and Figure 7, classified images foratidrpar 06February to O&luly

(image no. 9, 10, 11 and 12) we cannot see considerable PFA in the northeast part of the Bolgoda basin.

AfterO6Wdzf @ o6{ta/y2® mMHUZ ¢S OlFy &SS Niyd 08Jugust (SBMORNS. LG LB A 2 Y
as discussed early and from-Béigustto 06h O 26 SNJ o {ta/ y2®d mMoX wmMnX wmMpY tI NI L
Again, it is due to the more inundation than occurred previously since the high precipitation because PART Il consists of
end part of he SW monsoon and'%inter monsoons periods. This area experiences highest precipitation ddl‘i'mgez

monsoon periods. It can be proved from the classified image frorAu@flust to 060ctober (image no. 13, 14 and 15) in

Figure 7. In those three imageg 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 wahb#ity 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 floodaand 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 Zogar® &Jiand more
vulnerable to flood during both southwest and“@ter 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 FIOOd. . Location Periods of vulnerability
vulnerability
A High Southeast of theBolgoda basin throu_ghout the year with
considerable rainfall

Southof the Bolgoda basin anq _| during southwest and" inter

B Moderate downstream area of the Kelani gangg )
. monsoons periods

basin

C Low Northeast of the Bolgoda basin during 2%inter monsoon period
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Figure 6- Classified images correspond to SPMCs (SRMCto 9)

20




LEGEND

I oven vater [l Periodically fiooded area | Non flooded area

Urban

8 4 0 8 Kilometers

Figure 7- Classified images correspond to SPMCs (SPMC no. 10 to 15)
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Flood vulnerability zone in the Kelani ganga and the Bolgoda basins, Sri Lanka

from ENVISAT ASAR (ESA), 2005-2007
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Figure & 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 mainobjective 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 extractehflood extent dynamics from the ASAR IM images. The following conclusions can be
drawn from the results and the discussion.

il

The SPMC was classified in to four land cover categories, which are OPW, PFA, NFA and urban based on the mear
backscattering propdli A S& 2F GKS fFyR FSIFGdzNBa&d ht?2 KFIa GKS f 248
® tC! YR bcCc! flé& Ay 06SG6SSy ht2 FTYR ! Nblyod t C!
categorieswithin the study area falls in to the dynamic range 8flmy’ ~ ¢ A y200 8 dBs SSy

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 ASARdtd fbr 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 tleelad PFA.

FAaSR 2y GKS FIO02NA &adzOK |a LINBOALMAGIGAZ2YS YSIYy ¢ 73
categorized in to three flood vulnerability zones. They are Zone A, Zone B and Zone C. Zone A consists of southeast
of the Bolgda 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 monelverable to floods during both SW anff' 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 intermonsoon period.

Limitations

1

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 anaily, 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 retdted 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 relatedth 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 fuegt 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 théareh.

Recommendations

il

il

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 encounteredue 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 interpretati@apability, 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, vegetatiaddition to the flood extent in an
efficient and economical way.

¢CKS aiédzRe 2F GSYLERNIf GFENRIFIGAZ2Y 2F YSIy ° 2F tC! KI &
flood vulnerability zones in response to the precipitations.

In additionto 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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Improvement of the safety and acceptabilityf drinking water supplied from
irrigation tanks by proper selection of unit operations

Dilini Prayomi Hapuarachchi

Mahaweli Authority of Sri Lanka, Sri Lanka

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 tothese 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 bMtrese
cascading systems of tanks are pmesehe 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 problemmsch 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 oxygerontent, level ofchlorophyll a biodegradable dissolved organic carbon, turbidity, presence of
cyanotoxins and taste, colour and odour causing compouriBiaudin et al., 2006)These problems can impact the

LI FydQa 2LISNYGA2Yy a ¢Stf a GKS GNBFGSR g SN ljdzt £t AGed

Conventional water treatma 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 differentcyanobacterial speciesproduce different types of cyanotoxins,
whichnormally remaining in the algalcells but get dissolved in water when the cells are stressed or ruptured (cell lysis).
Theyare thermo stable and therefore cannot be destroyed by boilitggyTare 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 aarrow 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 poglorination, 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 asdbr incanted in treated water from time to time. The
present case studwa s ¢ a rta evadudte tioelefficacy of prehlorination, activated carbon adsorption, dissolved air
flotation, filtration and disinfection in removal of cyanotoxins, taste awldrocausing 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 g/stems 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;0utokumf@@; 3dva, 2006
andAapola,2007) show that presence of cyanobacteria specieMiafocystisand Cylindrospermopsifiave been
consistent, even though the species dominance seems to have been shifting betWeerocystis and
CylindrospermopsisBoth of abovespecies 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 instancé&s t A YLINE @S | £ 3+t NBY2@If |a | NBadz i
2008). However, there are a number of drawbacks to-ghtrination, such as formation ofdisinfection -pyoducts

(DBPs), specifically trihalomethanes (THMs) when using chlarinehlorine 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 achiellanodification 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 thatehate of inactivation oMicrocystisis affected by pH and contact time; as pH increased
the inactivation rate decreased and less degradation of Microcystin occurred, while in acidic conMtaosystis
chlorination has been more effective (Tsuji et 4997 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 tigtindrospermopsinan beeffectively oxidized by 4 mg/L chlorine at pH
7.2-7.4 from water containing toxin concentrations of-2@ pg/L. Acero et al. (2005) has reiterated this. They have found
that the chlorination of Cylindrospermopsin (CYN) leads to dheé&tion of 5 CF 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 cyanotoxinseanot 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 (26) 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 diffetly, depending on their physical properties: in a Belgian DAF plant
Microcystisvas removed by 480%,Anabaenaby 90100%, butPlanktothridonly by 30% (Hitzfeld et al., 2000).

OBJECTIVE OF THE STUDY

The broad objective of the studyis improvement of tefety 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 stuedgigplicability 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 unitperations 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 bther surface water sources in Sri Lanka.

METHODOLOGY

The case study was designed to evaluate the efficacy eflpi@ination, PAC adsorption, DAF, filtration and disinfection

in removal of cyanotoxins and taste and odor causing dissolved orgabstances 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 we afotleete
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 duto urials during two dry seasoasn d t wo  w sirice tisegaavavater gjuality
reportsshowed that the quality was significantly varied seasonally.
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With Prechlorination __| Coagulation/ || Filtration —f Disinfection/ (—f Treated
with PAC Flocculation/ pH correction water
DAF
With Prechlorination __,| Coagulation/ | | Filtration [— Disinfection/ — Treated
without PAC Flocculation/ pH correction water
DAF
Day 02
Raw
water [\ Day03 | I , o
ithout Prechlorination | Coagulation/ | | Filtration |— Disinfection/ — Treated
with PAC Flocculation/ pH correction water
DAF
Without Prechlorination | Coagulation/ || Filtration —f Disinfection/ (—f Treated
without PAC Flocculation/ pH correction water
DAF

Figure 1- Operationsequence 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 Sorben{Bd&ystrips was used
instead.For measuring of algae concentration a microscope and a SedBaftdr Chamber were used.

The type of PAC used at the Plant is a obdsed carbon that is imported from Australia. Since several types of PAC are
produced in Sri Lanka, the pdsitity of substituting the locally produced PAC was also studied, by running laboratory
tests on the raw water using the o obdsed Australian PAC, a coal based local PAC and a coconut shell based local PAC
having nearly same surface area. These laboratests 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 andbefiveptaon, 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.

RESLTS AND DISCUSSION

Algal concentration

Algae counting results confirmed that raw water of Konduwatuwana Tank has high cyanobacteria concentrations,
particularly in the dry seasoMicrocystis aeruginos& the predominant species, with concentrationstbé order of

10,000 cells/ml. AnotheMicrocystisvariant namedMicrocystiswesenbergind Cylindrospermopsigerealso identified, in

lesser amounts compared to the concentrationMitrocystis aeruginog&ee Figure 2).

1 OO

W\ ficrocvsiis aeryginosa

BN ficrocysiis wesenberg
10000 OCvindrospermopsis

O Other

1000

100

10

Algal Concentration (cells ml)

Motung Aftenoon Momimg Aftenoon Momung Afternoon

3:29/00  3/29/09 | 33000 33009 33109 33109

Sampling Date

Figure 2Algal analyis 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 wai@rocystis aeruginosaoncentration seems to be
higher than middle depth water in the morning samples, while in the afternoon tMierocystis aeruginosa
concentration of middle depth water is higher than the surface water. The reason for this is in the morning,
cyanobacteria dicharge @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; thelézules are
detached from the cyanobacterizells, 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
O!'FLREFET HanTtod ! OO2NRAY 3 G2 ! I LIXylihddsperdapsisRirnit wiak iGentifigdS R 2 Y A
that Microcystis colony have been counted as a cell in their stidthe counting procedure using SedgwRéfter cell,

the Microcycstislook like a bunch(See Figure 3and such a colony is counted as a cellherefore, it is clearhat
Microcystis is the dominant specie in both the studies.

Figure 3Mycrocystis 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 | is when algae counts are 88@00 cells/ml or where offensive odours or tastes are noticed. Increasing
monitoring frequency is recommended for level | stage.

Level Il is when algae counts are 2aA@D00 cells/ml and the algae spegiés 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 Il is Wwen algae counts are exceeded the 15000 cells/ml and the bloom is widespread within the water body.

I O0O2NRAY3I G2 tIFIRYFTAANRQE O6HAnnnONBO2YYSYRFIGA2YyS AF (KS
alternative supplies or treat the watewith activated carbon (AC). From our results it can be manifested that
Konduwatuwana tank is gradually approaching from level llto level Ill, which indicates the need for considering an
alternative source or considering that treating water with AC is retssle

Mycrocystin LR removal

According the results, the raw water always contained Microcystin LR levels exceeding the WHO guideline of 1 pg/l, while
in the first trial (Table 1) results showed that the Microcystin LR is not detectable in the treated seaples treated

using PAC. Psehlorination without PAC does not appear to help, whereas jsbstrination 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 wat
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 seas3trihl

. Morning/ Rapid Before AfterDA " Treated
Operations Date Evening Raw water i DAF = Filt. water water
With PreCl, 28.03.200  Morning >20ug/l NM NM NM 10-15ug/l ND
With PAC 9 Evening 15-20ug/l NM NM  10-15pg/l NM ND
m:ﬂoirtecl, 29.03.200 Morning NM NM >20ugl/l NM 10-15ug/l 10-15ug/l
PAC 9 Evening >20ug/! NM >20ug/l NM >20ug/l 10-15ug/l
gitt\}\?iltjrt]g;te 30.03.200 Morning NM NM NM >20ug/l NM 10-15ug/l
PAC 9 Evening >20ug/! NM >20ug/l NM 10-15ug/l 10-15ug/l
\(/:\Ilitr\}\(;il#] Pre 31.03.200 Moming 10-15pg/l NM NM  10-15pg/l NM ND
PAC 9 Evening NM NM NM  10-15pg/l NM 10-15ug/l

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

: , Treat
Operations Date Mom'T‘g’ Raw water Rapid mixer EiEiiete LR Filt. ed
Evening DAF F water

water

With PreCl, 09.2009 Morning 15-20 pgl/l 10-15pg/1 ND ND ND ND

With PAC 21.09. Evening 15-20 pgl/l 10-15ug/l ND ND ND ND

With PreCl, 20.09.2009 Morning 15-20 pg/l 10-15pg/l 1520 pg/l  10-15ug/l ND ND

Without PAC o Evening 1520 pgll 10-15pg/l 1520 pg/l  10-15pg/l ND ND

i Mornin 1520 pg/l ND ND ND ND ND
Without PreCl, 22 09.2009 . 9 Hg

Without PAC Evening 15-20 g/l ND ND ND ND ND

i Mornin 1520 pg/l ND ND ND ND ND
Without PreCl, 19.09.2009 . 9 Hg

With PAC Evening 15-20 pgll ND ND ND ND ND
Note: NDq Not Detected; NM ¢ Not Measured

According to the results, the worst treatment option was the treatment with-piéorination and without using PAC. On

the other handas mentioned in the background studies, the rate of inactivation of MicindyRtis 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 availdid
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 thatgmrination 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 optionto remove the prechlorination 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 @nobacterial cells due to physical stresses, leading to release of toxins. Therefore removing
cyanobacterial cells using miestrainers at the intake may be more effective than removing cyanotoxins from the
water.

Tasteand OdorRemoval

As mentioneckarlier,taste and odor problem is persistent in the treated water. The presence of offensive taste and odor
compounds including-thethylisoborneol (ZMIB) and geosmin in the drinking water supply has also been attributed to
high algae populations(Tsuji at, 1997). In 2008Qutokumpu Technology Pty Lkéds measured the-BIB and geosmin
concentrations of Konduwatuwana tank water. (See Table 3)
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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 CI 4 2

The algae counting results showed that the current algal concentration is abeut0i@imes greater than the algal
concentrations in 2006, and therefore it can be expected that tHdIB 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 watdsujiet 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 clearfdobs

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 dependenbn the type of PAC used, adsorption isotherms were obtained for COD removal using three different types

of PACCKS | Ra2NLIIAZ2Y Aa20KSN¥a 2F /h5 2y (KS GKNBS t!/ Qa |
has a higher adsorption capacityan 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. 20@tmey words, optimum

PAC dosage of wood based PAC for COD removal of this particular type water was 1R6ésutbof this study have
shedt hat t he o ptdoahhased BFAC siral goemut shéll based PAC were 80mg/l and 60mg/l, respectively,
and corresponding COD removals were79% and 72%, respectively.

——e—— Wood based Australian PAC |

—®— Coal based local PAC |
—— Coconut based local PAC |

LOO [

COD Removal %

i I I I
200 300 400 500 600

PAC Dosage (mg/l)

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 HigoH 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.

30



Generalizing the Results

Algal species of Inginiyagalark, 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 spediesosystisin
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. Sigliedrospermopsialso present as sub
dominant species irach 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) bagied 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 ti@tlindrosprmopsisisthe predominant specie in every tankmong these

tanks Thuruwila Tank (source for Anuradhapura WSS), Nallachchiya Tank (source for Thambuttegama WSS), Parakrame
Samudra (source for Polonnaruwa WSS), Tisa Wewa (source for Anuradhapura Sgav®¥&<}it Nuwara Wewa and
Minneriya Tank have high concentration of cyanobacteria, especially high concentratig@yliodrospermopsis.
Generallyin these tank€ylindrospermopsisoncentration varies 90660000 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.
Cylindrospermopsiss the only one cyanobacted specie found in those irrigation tanks. The concentration of
Cylindrospermopsis very low compared to otherdherefore, it is clear that except Galnewa WSS other four WSSs
stated above need additional treatment operations for cyanotoxin removails kssential to monitor cyanotoxin
concentrations of raw water and treated water regularly. Since the pre dominant specie of all of these tanks is
Cylindrospermopsiglefinitely water may contain high amount of cylindrospermopsin. In addition to that matay

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 stitiieeld et al., 2000)prechlorination has
effectively removed ylindrospermopsin,it is suggested to study the effectiveness ofcpterination for removing
cylindrospermopsin also.

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

1. Raw water in Konduwatuwana Tank has high cyacteria contentMicrocystis aeruginose 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 leason algal cell count&onduwatuwana Tank is ghaally agproachingfrom
Level lltoLevel [lJAccordingto the recommendationdor Level Il condition, considering alternative source or
treating waer with AGs esential.

2. Microcysin concentration in the raw water during the dry season consisfeetkc& RS R wmp >3Jkf =
200Farzyltte SEOSSRSR S¢Sy wn >3kt o

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

4. Taste and odoproblem is persistent in the treated water. Water containM®B 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 @Dwas 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 clemmflaboratory 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 amshaypxin concentration is essential. It is suggested to
remove the prechlorination step and optimize the conditions for removal of microcystins as well as other dissolved
organics (including taste and odor causing compounds) using PAC, assisted-lzhlpdsation 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 longerm, it is recommended tdook 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 lepribhept and principles of IWRM that

were expressed at the International Conference on Water and Environment held in Dublin inAI&®2n could play a

major role in practicing correct sanitary practices at domestic lewelserms of drinking water, sewage/ drainage,
sanitary toilets, and solid waste disposal. Women and girls also pay the heaviest price for poor sanit&tiobaiika 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 PRAaola questionnaire survein an urban area in the Kandy District,
Central Province, Sri LankBhe urban setting that was selected is a high population density area within the Kandy
municipality council (KMC)limits. The GN division is Poornawaththa 24&&t 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 questionnadne \sare
between the ages of 30 to 40. Motherhood was an essential requirement. The data gathered were analyzed using the
SPSS softwardéccording to the findings of this research, 66.7% of the women in Sri Lanka possess primary education
and had a basicriowledge 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 séation, 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 claldrwere 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 considerbd essential for the survival of a town as

they carry out the most janitorial activities. Their lifestyles are backed by politicidres.solutions of lower levels of
knowledge, attitudes and sanitation practices of women can be categorized as follmasinG supportive and healthy
environments, Strengthening community action, Develop personal skills and creating awareness, reorient health
services.

BACKGROUND OF THE STUDY

I G 1 LiffeGtibus distzas&s N githgReitte develogingt | NJ
2y GKS olFGidtS F2NJ alFS RNAY1A
Kofi Annan, United Nations Secret&gneral (2001)
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The World Health Organization reports that 2.4 billicople 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 aetew 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 practiaegaon 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 ther&cpathogen
contamination of water bodies, yielding benefits to health, poverty reduction,-belhg and economic development.
(WHO, 2006).

/| £SIytAySaa akKz2dzZ R 0S3IAYy A GK 2IY SEONE2YYVEY AKR2YSFRAGTHKHS BlyA
responsiblities and could play a major role in practicing correct sanitary practiceterms 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 contribuibn 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, uing 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 interventiorfor 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 samary 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 comumity 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 aredsich 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 thanuenvironment 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 ofkhewledge, 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 tal 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 betweehe 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 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, Sie&ha.
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 Fear®%ct

walks through theséwo 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 wasnducted. The questionnaire focused on acquiring data on their
sources of water, sanitation facilities, sanitary practices, attitudes and knowledge regarding water borne di8eases.
sample of 30 women from this area was selected to be questioned forapyichata 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 questiesnaere analyzed using the
SPSSStatistical Package for the Social Scienseftjvare.

Other participatory appraisal tools such as focus group discussions (FGD) with the specified women were conducted.
Focus groups consisted ofl® women fulfilling tle same criteriaas the participants of the guestionnaire survey.Key
Informant Interviews (KIl) were conducted with health officials and other relevant government authorities in the study
area to triangulate the information regarding the incidences of he@tlues 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 recongs. 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
KeylInformant 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 owrtled Kgndy 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 iagh& pere are other houses

GKFEG FNB AffS3art O2yadNMz0GA2yas (y26y & dadzyl dzi K2NART SR

34



multi religious. Majority were Hindus while there is an equal number of Christians and Catholics. Thereo ae als
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 sereie 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 supptlyeir own house while others used the public water

taps. A public water tap is averagely shared Hy0&amilies and the water is free from these public taps and has a water
supply of 24 hours a day6.7% of the women in the area depend on it for theiater 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 fundsThere are no regulations to control water usage of the inhabitants. Tleeyod 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 watmes 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 o 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 duento 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 daslia 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 senbtschool. 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 memid 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 financestand limitations they do not use this simple
method of disinfection of germs and pathogens of water.

TheKMChas provided public latrine facilities to this community as most of the households do not have the required
space to build a private latrine. #é of latrine consists-8 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 responsiblenfiaintaining 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 dalgo 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 pipleslavailable.
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