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ABSTRACT

Water Safety Plan (WSP) is the most credible management tool to achieve water safety
worldwide. This study looks into prioritization of risks and optimizing resource
allocation for implementing WSPs with multiple stakeholders and multiple domains
having no mutual accountability and line of hierarchy. The study methodology was in
the form of a descriptive and interpretative case study involving three levels; academic,
national and sub national. These levels respectively served the targets of studying
similar research,  understanding policy and decision making environment and
analysing grass root level dynamics in implementing WSPs by focusing on
Eheliyagoda water supply scheme under NWS&DB. Both quantitative and qualitative
data, belonging to multiple categories, was associated.

The analysis showed that the risk-reassessment and improvement plan of WSP need
critical revisit beyond semi — quantitative risk matrix method. Only the water supplier

(NWS&DB) had | ted tabitity in the WSP while other stakeholders
were ju ;g%p ng. Standard risk ratingsalona.weré not rational enough to justify
strategi ieérsfor nraltocating timited-tesources aht-instead it lead to decisions
based on indc: i It sive even within

the domains with accountability while other stakeholders are not convinced on
dedicating resources for water safety which may not be under their direct mandate. It
was found that graphical interpretation of risks & hazards across all the water supply
elements followed with hazard quantification was much convincing in prioritizing
risks. Introducing bottleneck analysis to WSP could successfully incorporate the
influence of prioritized risks on the coverage of services thus rationally showing where
to prioritize resources. Bottlenecks were seen in incorporating consumer element,
creating demand for water safety and rationalized budgeting. It was recommended that
the guidelines may assign the catchment element to accountable stakeholders other

than water suppliers together with demand creation and communication methods.

Key words: multiple stakeholders, multiple domains, accountability, resource

allocation, hazard quantification, bottleneck analysis, coverage of services
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1. INTRODUCTION

1.1 Background of the research

This research focuses on the dynamics pertaining to implementation of “Water Safety
Plans” in the context of Sri Lanka. Unlike “conventional water supply,” which is
predominantly under the domain of engineering, “water safety” cuts across many other
domains such as the general public, legislations, environment, media, education, health
etc. This diversity and the independent nature of the respective domains have made
“water safety” an entity to be associated with a greater customization and innovation
rather than following a set procedure. In addition to engineering and managerial
processes, water safety has to immensely deal with the human factor governed by
knowledge, attitudes, practices and behaviour thus making it much dynamic rather than
static. In this research, some efforts have been taken to focus on several critical
dynamics with a view to adding value for implementation of water safety plans in Sri

Lanka with much pragmatic approach.

11.1 m@n of|ssate-water™

For many gensiations humdng had-consitle turally available
“ready to drink” resource. However with many manipulations in the natural
environment by humans themselves, water has fast become a resource that needs to be
“processed” to make it “drinkable” for humans from the public health point of view.
With growing population as well as environmental degradation, “drinking water”” has
become a sector of its own amid many other uses of water. The chronology of
important milestones in drinking water as healthy consumable can be compiled as
follows. (State of Alaska Division of Environmental Health, 2015).

400 B.C. : Hippocrates emphasizes the importance of water quality to health and
recommends boiling and straining water.

200 B.C. : A Sanskrit manuscript observes that "It is good to keep water in copper
vessels, to expose it to sunlight, and filter it through charcoal.”
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Chlorine is discovered in Sweden.

The first municipal water filtration works opens in Paisley, Scotland.
Chlorine is first applied to drinking water to control foul odors
Cholera epidemics claim 8,000 lives in New York City and 5,000 in
New Orleans.

Dr. John Snow discovers that victims of a cholera outbreak in London
have all used water from the same contaminated well on Broad Street.
Louis Pasteur develops the theory that disease is spread by germs.
Filtration of London drinking water begins.

Chlorine is proven an effective disinfectant of drinking water.
Microbiologist Robert Koch attributes the low incidence of cholera in
Altona, Germany, located downstream on the Elbe River from cholera
infested. Hamburg, to water supply filtration practices in Altona.

The Louisville Water Company innovates a new treatment technique
by combining coagulation with rapid-sand filtration. This treatment

» bacteria from

Current drinking water concepts and standards are apparently linked to three major

schools of thoughts from United States Environmental Protection Agency, European

Union and World Health Organization.

(a) Safe Drinking Water Act (1974) — US Environmental Protection Agency

Safe Drinking Water Act (SDWA\) is the principal law governing drinking water safety
in the United States. It authorizes the U.S. Environmental Protection Agency (USEPA)

to establish comprehensive national drinking water regulations to ensure drinking

water safety.

The SDWA mandated a major change in the surveillance of drinking water systems by

establishing specific roles for the federal and state governments and for public water



suppliers. The federal government, specifically the USEPA, was authorized to set
national drinking water regulations, conduct special studies and research, and oversee
implementation of the act. The state governments, through their health departments
and environmental agencies, are expected to accept the major responsibility, called
primary enforcement responsibility or primacy, for the administration and enforcement
of the regulations set by USEPA under the Act. (Pontius, 1999).

In the United States, federal authority to establish drinking water regulations originated
with the enactment by Congress in 1893 of the Interstate Quarantine Act. The
evolvement of drinking water standards in United States up to SDWA has passed
several important milestones as follows. (State of Alaska Division of Environmental
Health, 2015).

1912 : Congress passes the Public Health Service Act which authorizes surveys and

studies for water pollution, particularly as it affects human health.

1914 ign‘%!l fandards ander the Pubhic Health-Service Act become law. These
introduce \g#8%goncept of maximum coj ” limits f ing water. The
standards, hov e transportation

because they are intended to protect the traveling public.

1955 : Aninfectious hepatitis epidemic in New Delhi, India is traced to inadequately
chlorinated water at one of the city's two treatment plants. An estimated 1 million

people are infected.

1962 : U.S. Public Health Service Drinking Water Standards Revision is accepted as

minimum standards for all public water suppliers.

1965 : Due to immunization, reported cases of polio in the U.S. decreased from
20,000 in 1955 to 100.
1969 : U.S. Public Health Service Community Water Supply study reveals major

deficiencies in the nation's public water supplies.



1972 : The Clean Water Act, a major amendment to the Federal Water Pollution
Control Act, Contains comprehensive provisions for restoring and maintaining all

bodies of surface water in the U.S.

1974 : The Safe Drinking Water Act is passed. Greatly expanding the scope of
federal responsibility for safety of state drinking water. Earlier acts had confined
federal authority to water suppliers serving interstate carriers. The 1974 Act extends
U.S. standards to all community water systems with 15 or more outlets, or 25 or more

customers.

Enactment of the initial Safe Drinking Water Act was inextricably intertwined with the
discovery of Tri Halo Methane (THM) and organic contaminants in drinking water. In
1975 USEPA conducted a nationwide survey to determine the extent of the THM
problem in the United States. This survey was known as the National Organics

Reconnaissance Survey (NORS). The following key milestone were found afterwards.

=)
1977 : Tae=safe Drinking Water Act Is amended to extend authorization for

technical xefééistance, information, training, and grants to the states.

1986 : The Safe Drinking Water Act is further amended to set mandatory deadlines
for the regulation of key contaminants; to require monitoring of unregulated
contaminants; to establish benchmarks for treatment technologies; to bolster
enforcement powers; and provide major new authorities to promote protection of

ground water resources.

1996 : The President of the U.S. signs the Safe Drinking Water Act Reauthorization
requiring states to implement or establish:
e Arevolving loan fund (SRF) to provide money to communities to improve their
drinking water facilities;
e Source water protection - identify areas that may contribute pollution to sources

of drinking water and assess potential pollution threats in these areas;



o Capacity development - obtain the authority to prohibit the establishment of
new drinking water systems that do not have the capacity (technical, financial,
and managerial) to meet health-based standards, and establish capacity
development strategies for existing systems and;

e Assist public water systems in developing an annual “"consumer confidence
report” providing customers with information about their water sources, the

contaminants in their water, and the health effects of these contaminants.

The SDWA Reauthorization of 1996 also directed EPA to develop rules regulating

arsenic, radon, disinfection by-products, and ground water.

(b) Drinking Water Directive (1998) — European Union

(European Commission, 2015)

The European Drinking Water Directive (DWD), Council Directive 98/83/EC,
concerns the quality of water intended for human consumption and forms part of the
regulation of Water supply and sanitation in the European Union. In setting
contaminar}?};\{_els the  Directive’applies tné precdutionary principle. For example, the
EU contam?q\_a_gr_ii"t levels for pesticides are yp to 20 times lower than those in the WHO
drinking Wéiféf"guidelines, because the EU Directive not only aims at protecting human

health but also the environment.

The directive requires Member States to regularly monitor the quality of water
intended for human consumption by using the methods of analysis specified in the
Directive, or equivalent methods. Member States also have to publish drinking water
quality reports every three years, and the European Commission is to publish a
summary report. Within five years Member States had to comply with the Directive.
Exemptions were granted on a temporary basis, provided that they did not affect human
health.

Early European water legislation began, in a "first wave", with standards for those of
our rivers and lakes used for drinking water abstraction in 1975, and culminated in

1980 in setting binding quality targets for our drinking water. It also included quality



objective legislation on fish waters, shellfish waters, bathing waters and ground waters.
Its main emission control element was the Dangerous Substances Directive. In 1988
the Frankfurt ministerial seminar on water reviewed the existing legislation and
identified a number of improvements that could be made and gaps that could be filled.
This resulted in the second phase of water legislation, the first results of this were, in
1991, the adoption of;
e The Urban Waste Water Treatment Directive, providing for secondary
(biological) waste water treatment, and even more stringent treatment where
necessary.

e The Nitrates Directive, addressing water pollution by nitrates from agriculture.

Other legislative results of these developments were Commission proposals for action
on;
e A Directive for Integrated Pollution and Prevention Control (IPPC), adopted in
1996, addressing pollution from large industrial installations.

° A noww Nirinlzina \ A atar Nivrartivin roviienarinn tho Anialityg o+anr1ards and1 Where
880 jhtenieg themgadaptechiovember1 998
Europeéﬁf’Water POlicy had to ‘atidress the increasing awareness of citizens and
other involved parties for their water. At the same time water policy and water
management were to address problems in a coherent way. As a result a new
European Water Policy was developed in an open consultation process involving
all interested parties in 1996 with over 250 delegates. The represented Member
States, regional and local authorities, enforcement agencies, water providers,

industry, agriculture and, not least, consumers and environmentalists.

The outcome of this consultation process was a widespread consensus that, while
considerable progress had been made in tackling individual issues, the current
water policy was fragmented, in terms both of objectives and of means. All parties
agreed on the need for a single piece of framework legislation to resolve these
problems. In response to this, the Commission presented a Proposal for a Water

Framework Directive with the following key aims:



e Expanding the scope of water protection to all waters, surface waters and
groundwater

e Achieving "good status” for all waters by a set deadline

e Water management based on river basins

e "Combined approach" of emission limit values and quality standards

e Getting the prices right

e Getting the citizen involved more closely

e Streamlining legislation

(c) Guidelines for Drinking Water Quality — World Health Organization

(World Health Organization, 2010)

The World Health Organization (WHQO) was set up in 1948 with the objective of
promoting ‘the attainment by all peoples of the highest possible level of health’. One
of the main roles of WHO is to establish international norms to protect human health.

Since 1 of its activities op drinking-water.and health, Jrganization has
published; m(l ten-year intervals, sevesalieditions of; Inter 1al Standards for
Drinking-waéer and subsequsntly, the G uid Quality.

The Guidelines for Drinking-water Quality is one of the longest-standing normative
publications of WHO. They provide an evidence-based point of departure for standard
setting and regulation as a basis for health protection. They include an assessment of
the health risks presented by the various microbial, chemical, radiological and physical
constituents that may be present in drinking-water. Where applicable, they derive

maximum concentration guideline values for these hazardous constituents.

In the spirit of primary prevention, the WHO Guidelines recommend pro-active efforts
to assess and reduce health risks. They have evolved from a prescriptive document,
which established international standards for end-of-pipe water quality, into a
normative best practice manual on drinking water management. Emphasis has shifted

to promoting a holistic framework for safe drinking-water, which encompasses flexible



and locally-relevant health based targets, a system of integrated risk assessment and
incremental risk management from catchment to consumer, called water safety plans,

and independent monitoring and surveillance.

In 1982, WHO shifted its focus from ‘International Standards’ to ‘Guidelines. The
main reason for the shift is the advantage provided by the use of a risk-benefit approach
(quantitative or qualitative) to the establishment of national standards and regulations.
Specifically, the application of the Guidelines to different countries should take
account of the sociocultural, environmental and economic circumstances particular to

those countries.

The Guidelines for Drinking-water Quality are recognized as the UN system’s official
position on drinking water quality. The European Commission and Japan use the
Guidelines as the scientific point of departure for their drinking-water directive and

drinking-water quality standards, respectively; the Australian Drinking Water

Guideli s Environmental
Protecti gﬁ‘gﬁ:- !\! TOTN P A 't A~ ¥ oL —wl,x'*:- TF AL+ A A SR TR Ely Observe and
participaie.mthe O Guidelines develg | upd S,

The pace of development — in water supply and in the understanding of water and
health — has accelerated dramatically. Keeping the Guidelines up to date when
information and knowledge are moving so quickly is a major challenge. As a result,
since 1991, WHO has been carrying out an ongoing process of ‘rolling revisions’ to
update the Guidelines. Most of the work concerns either developing and substantiating
the recommendations in the Guidelines, or of supporting guidance on good practice to

assist in implementing programmes and project on drinking-water quality.

The first and second editions of the Guidelines for Drinking-water Quality were used
by developing and developed countries worldwide as the basis for regulation and
standard setting to ensure the safety of drinking-water. They recognized the priority
that should be given to ensuring microbial safety and provided guideline values for a

large number of chemical hazards. The third edition of the Guidelines has been



comprehensively updated to take account of developments in risk assessment and risk
management since the second edition. It describes a framework for drinking-water
safety and discusses the roles and responsibilities of different stakeholders, including
the complementary roles of national regulators, suppliers, communities and

independent surveillance agencies.

The 2004 third edition has been significantly updated through the first and second
addenda published in 2006 and 2008 respectively. The first addendum includes more
guidance on management of emergencies and unforeseen events, additions concerning
chlorination by-products, standards for volatile substances and several new fact sheets
for chemical substances. The second addendum includes more guidance on household
water management, rainwater harvesting, temporary water supplies and pesticides used
for vector control in drinking-water sources. It also includes a series of new microbial
and chemical fact sheets. Moreover, expanded fact sheets are included for key

chemical risks such as arsenic, fluoride.

This study is-bas n WHO s water safery conceptthis it Has bec scussed in detail

A

X

in the 2 Ch%‘[pw

Following several global and regional forums since 70s, drinking water became a key
global development indicator when the United Nations General Assembly declared the
Millennium Development Goals (MDGs) in the year 2000. MDG 7, on ensuring
Environmental Sustainability, contains the dedicated Target 7C to “halve”, by 2015,
the proportion of the population without sustainable access to “safe drinking water”

and basic sanitation” (United Nations, 2015).

The term “safe water” has revolutionized the way the drinking water was perceived
earlier mainly with respect to a set of standard quality parameters. The concept of
“water safety” itself shows the extent of challenge that the world is facing in terms of
potable water. As a process, water safety goes much beyond mere verification of water

quality parameters.



1.1.2 Shift in thinking vs Reality in implementation

Shift in thinking on drinking water could noticeably be found in the recent history
when the World Health Organization (WHO) published guidelines on “Surveillance of
Drinking Water Quality” in 1976. The concept of “surveillance” introduced the fact
that attention on drinking water must be maintained regardless of the occurrence of
water related public health hazards. This was contrary to the general practice of “being
reactive” to such hazards in the aftermath. Instead, the concept of surveillance

promoted “being preventive” without waiting till the hazard takes place.

Preventive approach needs to have a broad insight on all possible risks related to
drinking water, not just confined to water itself but the whole system of producing it.
Drinking water supply system ranges from the catchment to the point of use
(consumer). Managing risks associated with such a wide spectrum needs conceptual
clarity, well defined tools and institutional & accountability framework. Introduction
of Water Safety Plans (WSPs) by WHO has fulfilled this fundamental requirement.

Thus sa le point of use at
any ran aém:p as a result of managing risks from the‘tatchiment to the consumer.
Assuring wate n to be a feasible

task due to many socio-economic and technical realities, particularly in developing and
middle income level countries. Hence, in reality, adaptation of WSPs has been an
incremental process with course corrections on the go. However with MDG Target 7C
defined on access to “safe water”, many countries have been in a struggle to endorse
that their water coverage is “safe” complying with WHO definitions. This is because
most of the water sources reported under the coverage have not been under the purview
of WSPs. This compelled many countries including Sri Lanka to find a proxy indicator
to report against safe water coverage. The widely used indicator in this case was the

“access to improved water sources.”
The dilemma in this regard can be observed within the MDG reporting itself. Under

the MDG Target 7C of progress update in 2010 (United Nations, 2015), it is said that
“The world has met the target of halving the proportion of people without access to
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improved sources of water, five years ahead of schedule”. This conclusion is based on
the national statistics of each country where the definition of “improved water source”
is highly inconsistent with no reference to its compliance with WHO water safety
criteria. Hence it is high time to revisit the basics of “water safety” and reset the
statistical interpretations and indicators on which most of the high level policy
decisions and priorities are based. Having discrepancies and contradictions on water

safety at this moment would endanger human life in future.

1.1.3 Need to re - visit the basics of water safety

Drinking water safety is an extremely diverse entity due to the vast range of domains,
scenarios, parameters and determinants associated with it. Among several schools of
thoughts, WHO provides the most comprehensive and globally accepted platform for
water safety. Pertaining to the objective of this research, the following basics of WHO

drinking water safety platform are worth revisiting.

(a) Cat 1tly ensuring the
safe nggl King-water -supply 15 through-the 'use of *a prehensive risk
assessment & ISK management app h tl | steps in water
supply fro However in the

reality the application of WSPs over the whole system from catchment to consumer
encounters challenges and limitations. This has naturally led most WSPs to
concentrate more around comfort zones. Such trends may supress the primary

objective of WSP of ensuring water safety over the whole system of water supply.

(b) Multiple Barrier Principle - The components of WSP are built on the multiple-
barrier principle, the principle of hazard analysis and critical control points and
other systematic management approaches. The plans should address all aspects of
the drinking-water supply and focus on the control of abstraction, treatment and
delivery of drinking water (World Health Organization, 2011, pp. 22). While most
WSPs document multiple barriers from catchment to consumer, implementation of
those barriers under multi stakeholder domains are not seen to be carried out with

the deserved potential.
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(c) Priority of Aspects — There have been 4 major aspects of drinking water declared
in the order of priority for managing risks (WHO, 2011, pp. 4 — 8); microbial
aspects, chemical aspects, radiological aspects and acceptability aspects. It is
further said that “The great majority of evident water-related health problems are
the result of microbial (bacterial, viral, protozoan or other biological)
contamination. Nevertheless, an appreciable number of serious health concerns

may occur as a result of the chemical contamination of drinking-water”.

Time of exposure to cause adverse health effects is also a key determinant for the
prioritization of microbial contamination over chemical contamination where the
former is a matter of days while the latter can be a matter of years or decades. On
the other hand the spectrum of chemical contamination expands faster while
detection and treatment remain sophisticated and less affordable compared to that
of microbial. For these reasons many developing countries are much focused on
microbial aspects which is apparently complving with WHO. However in the
reality theschemical contamination, s felifast seaching thejtime of “exposure” that
need to @e adversghealth effectssCendparativety fess focus and limited evidence
based déb;’i'sions ANn'this! aspect 'seémsto create space for speculation and panic
among public. Speculations and panic are likely to increase with the increase of

certain non-communicable diseases of un-known origins.

1.1.4 Sri Lanka’s status in drinking water

Sri Lanka is internationally recognised to have progressive drinking water statistics
and reported to have already achieved MDG Goal 7C on “safe water”. In their latest
update on the global drinking water and sanitation progress under the Joint Monitoring
Programme (JMP), WHO and UNICEF have reported that 94% of Sri Lankan
population accessed “improved water sources” in 2012. This was against the baseline
of 79% in 2000 thus Sri Lanka has been declared to have “met” the MDG Target 7 C
for “safe drinking water” (WHO-UNICEF, 2014, pp. 69).
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However through analysis of water related indicators in the Census of Population and
Housing published in 2012 and Demographic and Health Survey for 2006-07
published in 2009, the following summary could be derived. (Complete derivation of the

summary is explained under sub topic 2.2 of the Literature Review).

e 90% Households have access to improved water sources

e Classification of improved water sources is purely based on the physical nature
of the source and do not reflect water quality and associated risks

e Only 40.2% households access drinking water from improved water sources
with varying degrees of treatment and quality verification

e 59.8% Households access drinking water from sources (both improved and un
improved) with no treatment and quality verification, unless opted by the
consumer with household treatment

e 51.4% Households do not practice any water treatment for microbial
contamination

. >al contaminants

These f: cle: latile regardless
of global reporting under MDGs and JMP. The classification of improved water
apparently has created false sense of safety. This leads to a strong perception barrier
in understanding the basics water safety as defined by WHO and particularly in
allocating resources for water safety by water suppliers as well as households.

This unstable situation pertaining to water safety is however cannot be immediately
reflected in drinking water coverage data due to obvious political and social

repercussions, mainly due to possible mixing up between “risk” and “hazard”.
1.1.5 Sri Lanka’s progress towards drinking water safety

During the past decade, 2 milestones can be observed in mainstreaming the concept

of water safety in Sri Lanka.
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a) Cabinet memorandum (2009)

As the sector lead, Ministry of Water Supply and Drainage (MoWSD) triggered
the first recent policy level initiative, a cabinet memorandum, on the WHO water
safety criteria, in 2006. The memorandum had the principal objective of
Establishment of a Water Quality Surveillance System in Sri Lanka with the
emphasis on preventive and integrated management approach through the
collaboration of relevant stakeholders. It proposed the implementation of Water
Safety Plans (WSP) across all service providers with a coordination mechanism
and suggested establishment of district level Water Quality Surveillance
Committees for monitoring. These committees were to be co-chaired by the
designated water and health stakeholders; National Water Supply and Drainage
Board (NWS&DB) and the Regional Director of Health Services (RDHS). A
national level panel was proposed to oversee and facilitate the entire mechanism
(MoWSD, 2009). This initiative was supported by the United Nations Children’s
Fund (UNICEF) due to its long term benefits on future generations, particularly

the ndum was being
revi 39@3 ional StakeHolders the“certain mechanisms > field tested as
pilots lrxseve

b) Implementation of Water Safety Plans by NWS&DB (2014)

National Water Supply and Drainage Board (NWS&DB) is the largest and leading
service provider in the water sector with 323 water treatment plants of varying
magnitudes. In 2014 they initiated mainstreaming of Water Safety Plans (WSPs)
with the support of World Health Organization (WHO). It functions under the
umbrella of a national level steering committee which also accommodates the
participation of development partners and academia. The program is progressing

with a road map with clear actions and targets as listed below (NWS&DB, 2014).

i.  Building institutional capacity of NWS&DB on water safety (in terms of
knowledge and human resources)
ii.  Piloting WSPs at 6 water supply schemes
iii.  Development of regional WSP models from pilots to be replicated
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iv.  Establishment of WSP coordination mechanism

v. Integration of WSPs with catchment management programs

vi.  Inclusion of WSPs in university short courses and post graduate courses
vii.  Upstream advocacy at Ministerial level (both water supply and health)
viii.  Establishment of internal monitoring cell

ix.  Emergency preparedness and response related to WSPs

X.  Quality assurance mechanism for WSPs

This research is particularly focusing on the second objective of the above while
incorporating relevant components from other objectives. NWS&DB expects to

have WSPs developed for all their schemes by 2016.

1.1.6 Recent social concerns related to water safety in Sri Lanka
There has been a varying degree of understanding and perception on water safety

among both professional and non-professional stakeholders in Sri Lanka. Thus during

the past ind public health
concerr thfa,ﬁ(, long with’public panic and unrest
a)

This was the most severe outbreak in the recent history due to microbial
contamination of water. It was said to have originated from faecal contamination
of the water stream Pussella Oya in Gampola thus making many parts of Kandy,
Matale, Nuwara Eliya and Kegalle districts vulnerable due to network of water
sources in the central hills. The identified stream has been the source of the local
pipe borne water supply scheme which was later found to have substandard
chlorination. More than 500 hospitalizations were reported during the peak of the
outbreak (Fazlulhag, 2007) due to which the average quarterly Hepatitis A cases
in Sri Lanka was almost tripled during the 2" and 3™ quarters of 2007.

b) Public unrest over uround water contamination — Rathupaswala (2013)

Severe public agitation over a speculated ground water contamination resulted in

loss of 3 lives in Rathupaswala area of Gampaha district. Public as well as some
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professionals attributed the contamination to the industrial effluent from a rubber
products manufacturing plant based on unfavourable physical characteristics and
low pH of ground water. On the other hand some other professionals attributed the
low pH to the geology of the area. The arguments and counter arguments got
extended even to a level of questioning the credibility of the process issuing
Environmental Protection Licence (EPL) (Rodrigo, 2013). The contradictory
claims and counter claims made the whole issue prolonged and political thus
making the factory to be relocated. Yet the prime concern on water safety has not
yet been fully solved. This was a classic case that highlighted the importance of
mainstreaming basic concepts of water safety in the society with a rationale so that

mere speculations would not drive public opinion.

Chronic Kidney Disease of unknown origin (CKDu)
Since its first case reported in 1994, CKDu has become a catastrophic humanitarian

issue during the past decades. Mainly young and middle aged population from

agri mic crisis. As in
201 agxagc pura districtwas found with '15.1% of it§ population suffering from
CKDuwhile f_Polonnaruwa yas 20.6%. The d evalence shows
doubling are are several

interpretations of its root cause including chemical contamination of water. Yet
regardless of the cause, it has been evident that safe drinking water either improve
the patients’ condition or sometimes reverse it. Both these facts have prompted the
government to heavily invest on small scale Reverse Osmosis (RO) plants operated
at community level. Though it is a lifesaving initiative its sustainability is still
questionable. Absence of comprehensive water safety planning in the area is
making more assumptions and concerns on drinking water quality influence on the
disease prevalence. Application of water safety concepts in such a sensitive context
would have helped the professionals to narrow down their focus on most likely

issues in this regard.

In all the 3 cases the public opinion has been shaped mainly with speculations and fear

psychosis. Lack of basic knowledge on water safety as well as lack of evidence based
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professional opinion have been the main challenges in overcoming public panic and
unrest. These incidents are not a matter of “managing situations” but yet an indication
of gaps in knowledge, attitudes and behaviour over a long time scale. Furthermore
these are not merely issues of a single sector or a stakeholder such as health, water
supply or administration. It is a multi-dimensional and expanded social issue that
should have been addressed with a multi-pronged approach. This would have been
much efficient and effective had comprehensive knowledge and systems pertaining to
water safety been in place. Especially the basic principles on water safety planning
such as catchment to consumer, multiple barriers and prioritization of aspects would
give a fair visualization of the context to everyone thus limiting speculations and fear

psychosis.
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1.2 Need for research on piloting WSPs in Sri Lanka

1.2.1 Background
The discussion so far indicates the following areas of concerns when applying Water

Safety Plans in Sri Lanka.

Water safety is not yet a clear concept in Sri Lanka among both professional as
well as public domains.

Water safety has been often mixed up with accesses to improved water sources
as well as a few known water quality parameters.

Only 40.2% of water supply in Sri Lanka is facilitated by conventional pipe
borne water supply under some sort of institutional framework with varying
degrees of treatment and verification of water quality.

The degree of influence of current pipe borne water suppliers (mainly
NWS&DB and Community based organisations) over the full spectrum of
water supply (catchment to consumer) has not been field tested.

How other key stakeholders with no accountability on water supply would buy
- in'@lponcept of WSP has-not been,field tested.

WSS, basegh oy al gomiprehensive conceptual framework with subsequent
operational level modules and tools. There needs to be thorough coordination
and monitoring of the process itself to have a balance between conceptual
knowledge and its applications by all stakeholders.

Compliance and sustainability in applying WSP needs utilization of resources.
Such commitment would only be realistic if there is adequate professional,
institutional and social demand for WSP.

These points could be articulated as the “research question” below.

1.2.2 Research question

How effective and realistic could managing the risks associated with water safety be,

when the elements of water supply are shared by multiple stakeholders in multiple

domains, with neither mutual accountability nor a well-defined line of hierarchy?
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1.3 Aim and objectives of the research
The research question touches a diverse and broader scope. Hence it was further

narrowed down to overall Aim and Specific Objectives as explained below.

1.3.1 Aim

Rationalized Resource Allocation for Implementing WSP

Deriving an evidence based rationale for decision makers to further prioritize rated
risks and optimize resource allocation during implementation of Water Safety Plans in
the back drop of scattered multiple stakeholders across multiple domains with no

mutual accountability and line of hierarchy.
1.3.2 Specific Objectives

1. To critically analyse a sample Water Safety Plan (WSP) of the NWS&DB

with respect to the WHO fundamentals and the ground realities of Sri Lanka

2. FBgenerat 8 FioNaI& to pridritize  résourée alidtation with the context
fased evidence other than standard risk priority criteria especially in the
backdrop of limited resources and varying stakeholder demand &

understanding

3. To interpret the developed rationale as an advocacy tool for the decision

makers at policy, planning and operational levels

4. To interpret the developed rationale as a possible enhancement to WHO
guidelines on WSPs
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2. LITERATURE REVIEW

Since the research objectives ranged from fundamentals of WSPs to actual

implementation, the literature too was selected accordingly under the following

categories.

e Water safety guidelines of World Health Organization

e Sri Lanka national statistics on drinking water

e Research publications

2.1 Concept of water safety

WHO (2011) has provided a comprehensive framework for water safety based on a

conceptual framework on water quality guidelines.

Conceptual framework for implementing the WHO

water quality guidelines

I
&" N
E)
I 'A!&I‘EWG CEORSAEE DRINICING WATER

Heaith-based rargets | context and

health outcomes

y

SUPPORTING
INFORMATION

flicrobial aspects

Chemical aspects

A
Water Safety

Plans <

y

Surveillance

Radiological
aspects

y

Acceptability
aspects

Application of guidelines in special circumstances

Climate change, Emergencies, Rain water harvesting,
Desalination systems, Travelling, Planes, Ships etc.

Figure 2.1 — Inter-relations of WHO Guidelines for Drinking-water Quality
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The main objective of the WHO Guidelines for Drinking Water Quality is “protection
of public health”. It comprises recommendations on “managing risks” caused by
hazards that compromise the drinking water safety. The guidelines are based on a

strong “conceptual framework” that leads to a “framework for safe drinking water”.

Framework for safe drinking water mainly consists of health based targets, water safety
plans and surveillance. This framework is supported by the priority of aspects related
to water safety. It also provides recommendations on adapting this framework for safe

drinking water in special circumstances such as climate change, emergencies etc.

Optimum use of WHO Guidelines
Resource allocation on water safety needs thorough understanding on the guidelines
that transforms the conceptual framework into actions. WHO (2011) articulates the

following important facts on using the guidelines and basics of water safety:

o Saf _ \ t represent any
sigr U%ﬁ{;}“i to hedlth over a lifetime of *consuriptioh luding different

sensitivities y occur between Li

e The Guidelines describe reasonable minimum requirements of safe practice to
protect the health of consumers and derive numerical “guideline values” for
constituents of water or indicators of water quality. When defining mandatory
limits, it is preferable to consider the Guidelines in the context of local or national

environmental, social, economic and cultural conditions (p. 2).

e The main reason for not promoting the adoption of international standards for
drinking-water quality is the advantage provided by the use of a risk—benefit
approach (qualitative or quantitative) in the establishment of national standards and
regulations. Further, the Guidelines are best used to promote an integrated

preventive management framework for safety applied from catchment to consumer
(p. 2).
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The nature and form of drinking-water standards may vary among countries and
regions. There is no single approach that is universally applicable. It is essential in
the development and implementation of standards that the current or planned
legislation relating to water, health and local government is taken into account and
that the capacity of regulators in the country is assessed. Approaches that may work
in one country or region will not necessarily transfer to other countries or regions.
It is essential that each country review its needs and capacities in developing a

regulatory framework (p. 2).

The judgement of safety, or what is an acceptable level of risk in particular
circumstances, is a matter in which society as a whole has a role to play. The final
judgement as to whether the benefit resulting from the adoption of any of the
Guidelines or guideline values as national or local standards justifies the cost is for

each country to decide (p. 3).

The basic ent , King-water are a
“fra vgmk r safe drinking-wat ymprising health-t rgets established
by Po?p anaged systems
(ade planning and

management) and a system of independent surveillance (p. 3).

Priory aspects of drinking water safety

Understanding on the aspects of drinking water safety is essentially helpful in decision

making on resource allocation. In prioritizing the 4 aspects of drinking water safety,
the WHO (2011) empathizes on following:

Microbial aspects - Securing the microbial safety of drinking-water supplies is
based on the use of multiple barriers, from catchment to consumer, to prevent the
contamination of drinking water or to reduce contamination to levels not injurious
to health. Safety is increased if multiple barriers are in place, including protection

of water resources, proper selection and operation of a series of treatment steps and
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management of distribution systems (piped or otherwise) to maintain and protect
treated water quality. The preferred strategy is a management approach that places
the primary emphasis on preventing or reducing the entry of pathogens into water
sources and reducing reliance on treatment processes for removal of pathogens (p.
4).

e Chemical aspects — The health concerns associated with chemical constituents of
drinking-water differ from those associated with microbial contamination and arise
primarily from the ability of chemical constituents to cause adverse health effects
after prolonged periods of exposure. There are few chemical constituents of water
that can lead to health problems resulting from a single exposure, except through
massive accidental contamination of a drinking-water supply. In situations where
short-term exposure is not likely to lead to health impairment, it is often most
effective to concentrate the available resources for remedial action on finding and

eliminating the source of contamination, rather than on installing expensive

drin ent (p. 6).
o Acceptagiity as| In,assessing. thy , consumers rely
prin re of consumer

perceptions and to take into account both health related guideline values and
aesthetic criteria when assessing drinking-water supplies and developing

regulations and standards (pp. 6-7).

2.2 Status of drinking water safety in Sri Lanka

Sri Lanka’s water sector indicators do not reflect water safety in compliance with
WHO guidelines. Instead equivalent national statistics are available for improved
drinking water coverage based on the physical nature of water sources. Table 2.1
shows the latest published statistics in this regard from the Census of Population and
Housing in 2012 (Department of Census and Statistics Sri Lanka, 2012).
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Table 2.1 - Drinking water vs occupied household units, 2012

Category of Principal Source of Drinking Water % of
Water Source Households
Dug Well Protected well within premises 31.8

Protected well outside premises 14.6
Unprotected well 4.4
National pipe Tap within the unit 20.8
grid Tap within the premises but outside the unit 6.6
Tap outside premises 3.1
Other Sources | Rural water supply project 9.5
Tube Well 3.2
Bowser 0.5
Bottled Water 0.2
River / Tank / Stream / Spring / Other 53

Source: Censlis of Populatiorsand hiolsing 20172, Departmentof Census and Statistics of
Sri Lanka (fl@/:_\ v Statistie3 1oy, 1k)
Total househéuseholds siiveydd was's, 183,047

The water sources in shaded rows are accepted to be un-improved by local water and

health authorities as a norm. Hence overall % of households with access to an improved

water source can be derived as 90%. It is clear that classification of drinking water

sources does not include any water quality criteria but mere physical nature of the

water source and its location. Since there is no formal statistics available to estimate

the degree of water safety of the water sources in Table 2.1 it is worth looking at the

water treatment options and quality verification associated with each source, as shown

in Table 2.2, as an extension to the 2012 Census data.
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Table 2.2 — Water safety aspects of classified water sources of Sri Lanka

Water Description Treatment Quality Households
Source Verification | Covered %
Protected Shallow ground No 46.4
Well water aquifer, Household
Parapet wall and treatment only if Only on
apron the consumer is demand
Unprotected | Shallow ground willing 4.4
Well water aquifer, No
parapet wall and
apron
National Pipe | Conventional water | Mandatory Yes 30.5
Grid supply by treatment with
NWS&DB with varying capacities | With regular
professional staff depending on frequency
scheme
Rural Water | Conventional small | Basic treatment Yes 95
Supply water supply varying from zero
Project managed by to full depending Limited with
community on scheme much less
frequency
Tube Well __ | Deep graund water | Household 3.2
e aquifer, Hahd tréatment only if No
éié pump’ahd apron theeonstmer lis
witling Only on
Bowser Topping up water Household demand 05
transported with treatment only if
bowser from the consumer is
varying sources willing
Bottled Commercially Basic treatment Yes with less 0.2
Water produced with a depending on the | frequency
higher rate source
Surface Naturally available, | Household No 5.3
Water Multi-purpose treatment only if
the consumer is Only on
willing demand

While water safety needs to be assessed with respect to the criteria defined for WSPs

,the water sources in Table 2.1 and 2.2 are yet to be rated on such comprehensive basis.

Furthermore Table 2.2 clearly shows that only 40.2 % of households (highlighted) can

have confidence that their water is complying with at least “some elements” of water
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safety. With fluctuations of the raw water quality, treatment option and verification
measures there are discrepancies even within this 40.2%. On the other hand a water
source even with risks may not always cause hazardous events at a noticeable level.
Thus the balance 59.8% households may not be immediately convinced of the risks
associated with their drinking water. This challenge related to interpretation and
perception between theoretical and practical applications of water safety needs to be

dealt cautiously by clearly differentiating the “risk” and “hazard”.

The above 59.8% households do have the option of practising household water
treatment methods so that they could make their water reasonably safe at the point of
use. Census of Population and Housing in 2012 has not captured this information.
However Sri Lanka Demographic and Health Survey in 2009 (Department of Census
and Statistics Sri Lanka, 2009) had reported on household water treatment from a

limited sample, studied between year 2006 and 2007. Table 2.3 summarizes its

findings.
Table 2
€73} HowseholelTreatMent Methadisscl 1 Afadtouseholds |
£8biling 50.5
Bleaching / Chlorination 1.8
Straining through cloth 11.0
Filtration (ceramic, sand or other) 2.6
Solar disinfection 0.0
Other 0.5
No treatment 40.4

Source: Sri Lanka Demographic and Health Survey 2006-07, Department of Census and
Statistics (http://www.statistics.gov.Ik)

Total house households surveyed — 19,862

Basically all household water treatment methods have addressed only the microbial
and acceptability aspects of water contamination. Table 2.3 shows an alarming

situation of 40.4% households without any water treatment while the 11% practicing
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straining through cloth are still vulnerable to microbial contamination. Thus effectively
51.4% of households can be considered as vulnerable to microbial contamination.
Vulnerability to chemical contamination is hardly available in terms of credible data.
Assuming that 2006 — 07 household water treatment patterns were still valid in 2012
(as there are no latest statistics), an approximate profile of drinking water safety in Sri

Lanka can be summarized as below.

a) Only 40.2% households access drinking water from sources with varying

degrees of treatment and quality verification

b) 59.8% households access drinking water from sources with no treatment and
quality verification unless opted by the consumer

c) 51.4% households do not practice any water treatment for microbial and

chemical contamination of water

These E ‘ J%@@ .ﬁmi‘,r f*\!—F\WN»*T?'?‘! A"A AALA ﬁqr;; na 7(:’ fAriar ﬂ;f\};ﬁ:—ﬁ. ‘a1 iter Safety Plans
in Sri Lankawith tl gh, attention on jts basi rly paying more
attention to sh rios.

2.3 Perceptions and policies on catchments and drinking water

In Sri Lanka’s context, catchment remains the most complicated element of water
supply particularly in assuring water safety. Certain policies do exist to support
catchment management yet public perceptions on catchments as well as the policies
themselves is not always complying and consistent. Hence research in this regard is of

great importance when understanding where to put resources.
Regardless of the type of public perception, it is important to understand the experience

in other contexts on how compromise was reached between perceptions and policies

when it comes to catchments and drinking water. In the study on perceptions and
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policies with special focus on recreations Geoffrey et al (2012) concludes following

vital punts in this regard:

e While this study focused on a particular case (recreation), the general conclusions
are that attitudinal studies of policies would benefit by more regular use of

alternatives to traditional attitudinal measurement.

e By exhibiting the range of acceptance rather than a single mean value, the basis for
negotiation, ongoing policy development and the potential for compromise can be
established.

e The research on the current policy also shows the importance of measuring the
ethical and knowledge bases of peoples’ latitude of inclusion and also the centrality
of their attitudes. We need to know not only the direction of the attitudes which are
most commonly measured in environmental attitudinal studies, but also their
strengt! ' hat basis tl ff ial jud it attitudinal surveys
are %y% LInEsakebbit ManHANYSeesdk

PN,

2.4 Evidence based cost effectiveness & risk reduction of water safety

Unlike hazards which are apparent, all the risks are not apparent as well as not
perceived in the same manner even if they are apparent. Therefore investing on risk
reduction itself may be seen as risky from resource allocation and decision making
point of view. Hence resource allocation supported by solid evidence would help
decision makers to be more confident and focus. In their study on Cost Effective
Analysis (CEA) pertaining risk reduction measures on water safety Lindhe et al (2010)

concludes following:
e The fault tree method enables comparison of risk-reduction alternatives in the same

quantitative unit and for an entire drinking water system from source to tap.

Interactions between events and components of the system can be modelled in a
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realistic way. Furthermore, the probabilistic approach enables comparisons with

safety targets and the probability of exceeding these target values can be calculated.

CEA provides useful information by combing the effect and cost. However, it is
important to understand existing pitfalls when interpreting the results. For
example, alternatives may provide additional benefits not considered in the CEA

and alternatives cannot be evaluated solely based on cost-effectiveness ratios.

CEA requires a safety target representing the acceptable level of risk. In addition
to the target value it is also important to consider the highest acceptable probability

of not meeting the target value, i.e. a certainty criterion.

Combining quantitative risk analysis tools, such as the applied fault tree method
and economic evaluation, provides a powerful tool for decision-makers. A
combined quantitative risk assessment and economic evaluation can provide a
structured and thorouoh analysis of risk-reduction measures that facilitates
transpargficy and long<ean plarintatoef dninkindswateisyiste n order to avoid

sub opfiraigation OFAVEITERIE résotfces for rslerediicion

Risk management on water safety Is based on universal standards. Yet due to complex

parameters associated, its adaptation in varying contexts needs serious course

corrections and adjustments. Especially developing and middle income level countries

as well as rural and urban sub sectors seem to need customized applications. In his

paper on applying risk management to improve water safety Jayaratne (2008) has

recommended the following:

Implementing Hazard Assessment and Critical Control Points (HACCP) based Water

Safety Plans in urban systems in developing countries would require a strong

commitments and resources as follows;

e A strong commitment to Water Safety Plan implementation by the most senior

executives

29



e Dedicated person to coordinate and actively manage the Water Safety Plan
preferably on full time basis
e Development of a long term Improvement Action Plan

e Increase in process performance monitoring.

2.5 Soil erosion quantification and catchment management

Research in this regard are extremely important when investing on long term
improvements on catchment management pertaining to water quality. In their study
on reforestation and its effects on soil erosion, Marden et al (2013) have concluded
that reforestation in the study basin resulted in a ~62% reduction in erosion-affected
area, a ~51% reduction in the erosion rate, and an estimated ~12% reduction in
sediment yield of the concerned River from ~6% of its catchment area.

Focusing on effects of catchment erosion on the water sources (streams) Rodriguez-
Blanco et al (2013) has pointed out that the effective areas of sediment production are
onlya smallgm.rcentage of the total catchment area. 1t was also concluded that sediment
delivery to the catchment outlet was dependent on the spatial organization of land use,
as well as on the connectivity between sediment-producing areas and the stream and
soil loss measured at the field scale cannot be used to predict soil loss at the catchment
outlet.

Hankcock et al (2014) have concluded several important points on soil erosion and

realities in quantification as follows:

e Even a well-managed land property with relatively low erosion rates is losing soil
at a faster rate than it is being produced. Improved land management strategies are
needed to better conserve the soil resource. Evaluation and improved
understanding of erosion and soil formation processes using both field data and

models will allow better application and resultant prediction of erosion and
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sediment transport and provide robust data with which to calibrate and evaluate

numerical models.

Quantitative studies are needed as land use and land use change assessments can
allow predictions to be made about the effects of land use and climate variability
on catchment processes. This is of particular relevance in an era of real or perceived

climate change and the adaptation required.

It should be recognised that depending on the scale of the system, climate,
topography, biotic activity and geology vary with time and their impact on soil
processes is likely to be nonlinear and differ in space and time. These potential
environmental changes suggest that soils may always be evolving and that the
notion of equilibrium soils may not be realistic but given the difficulties of process

quantification only simple approaches are possible.

To arlvzanre niir 1indarctandinn a2 landerana-nacdnnanacic nnnrnzlch is needed to

realisticalhy iuna 1satk clynamics/Bndapredist theirl spatiat ribution. This is
part ,ulédj‘l pelevantniongcermSimtilations af@hvirtohime rocesses such as
|an( nqg* ian'modeina

2.6 Agro chemical usage and catchment management

Ideally modern agricultural zones should not be located within the effective range of

catchments or river basins. However this is yet to be a reality when it comes to

balancing livelihoods and environment. This is a burning issue in developing countries

where agriculture has been traditionally associated with water sources while embracing

modern use of agro chemicals and fertilizer in recent past. Hence the studies on

minimizing the damage is of great importance since complete turnaround of the

situation seems to be far from reality due to complicated socio economic repercussions.

European Union has introduced Nitrogen Vulnerable Zones (NVZ) to reduce the

maximum level of Nitrate level in drinking water to be 50mg/l. In their study on the
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interesting topic of farmer perspectives and practices regarding such water pollution

control programmes Barners et al (2008) have revealed the following:

Farmers operating within Scottish NVZs have not unduly changed their behaviour
to accommodate the greater restrictions imposed after designation. Coupled with
the fact that benefits in water quality only emerge over a number of years (Nimmo
Smith et al., 2007), it may be difficult for producers to accept perceived constraints

on their activity.

A more integrated approach to water management is needed and clear indicators
of water quality should be developed. This may start to embed nitrogen saving
goals within the farmer’s cultural framework of decision-making and lead to

greater adoption of these regulations.

Effort should be made towards emphasising the links between farming activities

and | the science behind

the d}@%;a mBosebon farmers
- 'k‘\l
=

Another approz hin thi p and associated

agro chemical influence on the water.

2.7 Accountability associated with water safety planning

Accountability remains a key challenge in Water Safety Planning. Organizational

culture and leadership are two out of many parameters that may govern the level

accountability from a given stakeholder. During their study on these two parameters,

Summerill et al (2010) have concluded the existence of enablers and blocking features

associated with water safety plan implementation as presented in Table 2.4.
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Table 2.4 — Effects of organizational culture and leadership in WSP

Enablers Blocking Features
e Continual improvement culture e Poor communication
e Community focus o Inflexibility
e Internal accountability e Complacency
e Camaraderie e Lack of awareness
e Customer service mentality e Lack of interest
e Transparency e Lack of reward
e Competitiveness e Coercion from senior staff
e Proactive and involved leaders
e Competent workforce
e Empowerment of workforce
e Appreciation

2.8 Tools fggénalysing Health cervicscoverage bettiemacks

Water safet:"yf?i.s a derivation'of 'public-health thus rationales and tools pertaining to
health services can ideaiiy be appiied in supplying safe drinking water. T. Tanahashi
has introduced a milestone concept based on “specific coverage” of health services. In
his famous paper on health service coverage and its evaluation, Tanahashi (1978) has
come up with the following thought provoking questions as the fundamental issues in

the management of a basic health service:

a) How should resources be allocated and the service organized in order to serve
as many people as possible?
b) Is the service reaching the people it should serve?

c) Has the service been effective in meeting the people's needs?

In answering these questions Tanahashi (1978) has come up with an approach on the

development of a coverage evaluation scheme based on three requirements.
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1. Information (demographic, epidemiological, and socioeconomic) on the
population with which the service is concerned

2. Knowledge of the health problem that the service is intended to deal with and
of the activities of the service

3. Ability to gather information on the operation of the service

His recommendations on materializing these requirements are as follows:

e Under probably common circumstances (lack of data, lack of systems etc.), the
evaluation scheme may first be developed for a limited pilot area and later

expanded as practical methods become established.

e For coverage evaluation, demographic and epidemiological information on the
population is essential, but it is rarely readily available. The approach facilitates
the gathering of such information by focusing attention on a population of

mar
o Sometifmgsknowledge of the health problem~and &lso oft 1ys in which the
service inte be gali t operation gives

an opportunity for this, thus facilitating selection of the appropriate target and

coverage measures.
e If the coverage evaluation is meant for the service management, continuous
gathering of information on the operation of the service is necessary; hence it is

important to make this activity as simple and practical as possible.

Tanhashi’s concept led to 6 determinants associated with a given health service

coverage under supply and demand categories as shown in Table 2.5.
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Table 2.5 — Tanahashi model for analysing health service bottle necks

Category

Service Coverage Determinants

Supply

e Availability — Essential health commodities
e Availability — Human Resources

e Accessibility — Physical access of services

Demand

e Initial utilization — First contact of multi contact services

e Adequate coverage - continuity

e Effective coverage - quality

(Note: Each determinant to be evaluated with a tracer indicator)

With the complexity of health services increased, the Tanahashi model has now been

improved by adding two more categories; Enabling Environment and Quality.

Table 2.6 — Enhanced Tanahashi model for health service bottlenecks

Service' Coverage Determiants

Categaiyts

Enabling: =

Environment

Segia Nerms
LagidlatiamPatich
Budget / Expenditure
Governance / Partnership

Availability of essential commodities / inputs

Supply Access to adequately staffed services and information
Financial access

Demand Social cultural acceptability
Continue of use

Quality Quality

Source: Centre for Global Safe Water, Rollins School of Public Health, Emory University
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3. RESEARCH METHODOLOGY AND DATA

Water safety associates with a wide range of implementation levels due to its
importance for public health as well as its demand as a commaodity. On the other hand
the scope of the research also demands exploration of actual dynamics at both decision
making and operational levels when rolling out Water Safety Plans (WSP) in Sri
Lanka. For this reason the research touched based a diverse scope of domains from
national to subnational levels associated with both planning and implementation of
WSPs in Sri Lanka.

3.1 Process of conducting the research

From national to subnational level, each domain and stakeholders had their own
hierarchical, social and professional norms to be complied with when having their
involvement in the research. Besides the study, the Researcher engages with almost all
the stakeholders in his official capacity as well. Hence it was thought to incorporate

these formal : S as [ , odC ( the policy level
dynami i%"ﬂ’gﬁu WSP implementation inSrj-Lanka. Then at ational level, the
WSP at oahe' goda.watar supply sahe the dynamics of
WSP in mportant as it is

the first pilot WSP under NWS&DB that had reached implementation phase. Although
small, it comprised of standard systems and issues associated with any larger
conventional water supply scheme in a smaller and manageable boundary. Hence this
research may belong to the category of descriptive and interpretative case study.

Due to limitations in research capacity, the methodology mainly counted on the raw
data available with the relevant stakeholders when it came to quantitative information.
On the other hand interviews, observations and interactions such as formal meetings
were used to gather qualitative data. Auxiliary information such as rainfall was directly
obtained from the mandated institutions. The outline of the research process is

summarized in Table 3.1.
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Table 3.1 - Process of conducting the research

Interaction Level &
Stakeholders

Target

Methodology

Academic Level

Dept. of Civil
Engineering,

Research planning,
verification and review
of progress

a) One to one meetings with
the Supervisor and Co
Supervisor

University of
Motatuwa

NWS&DB
WSP Cell

Latest information;
Recent trends and
research on the water
safety and water safety
plans

b) Literature Survey

(Standards, Guidelines, Policies,
Research, Routine Statistics,
Online knowledge)

National Level

Min. of Urban
Development, Water
Supply and Drainage

NWS&DB (Corporate
Planning Section)

World _

Organization |
Centra ‘wff’_c?rm ‘
Author p= |

Sub National Level

NWS&DB Regional
Support Centre
(Sabaragamuwa)

Assessing the enabling
environment;

Policies, national plans,
Sri Lanka’s
commitments to the
international forums,
water sector
coordination

Studying stakeholder
dynamics;

Roles, interactions,
coordination and social
dynamics related to
WSP implementation

a) Participation in water sector
high level meetings and
forums

b) One to one discussions with
key decision makers

c) Analysis of policy

a) Participation in WSP
implementation, stakeholder
meetings and progress
reviews

NWS&DB Regional
Laboratory

(Kegalle and
Rathnapura)

NWS&DB Water
Treatment Plant
(Eheliyagoda)

Collection of field data;
Plant operations, water
quality, demographics,
land use, rain fall etc
related to Eheliyagoda
WSS

b) Capturing routine data
collected by NWS&DB
water treatment plant staff
and regional laboratory staff

c) Field observations
(catchment and treatment)

d) One to one discussions with
stakeholders

Elaboration on the Targets 3, 4 and 5 are as follows;
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3.1.1 National level — Assessing the enabling environment
Two high level national forums attended in researcher’s official and professional

capacity were the key entry in achieving this Target as explained below.

1. Water Safety Plan Steering Committee (Chaired by NWS&DB)

This committee is the current apex body for implementing WSPs for the conventional
water treatment plants of the NWS&DB. Its participation consisted of higher
management of NWS&DB, trained WSP Champions, WSP teams of the 6 water
treatment plants being piloted, WHO, UNICEF and academia. Networking at this
meeting helped compiling policy level initiatives of the WSP while creating entry

points to the grass root level implementation.

2. National WATSAN Coordination Meeting
(Chaired by the Ministry of Water Supply and Drainage)

This forum functions as the apex coordination body for both water and sanitation

sectors esenting Water,
Health, uﬁga;. Disaster Management dnd Ervironmerit sectors participate in the
forum. Furthesn IN agencies (UNICEF & WHO ed INGOs, local
NGOs and Ci ion take part. In

addition the forum is also attended by research agencies, think tanks and individual
professionals. Researcher’s participation in this forum in official capacity helped

interacting with the highest level discussions and follow ups leading to water safety.

3.1.2 Subnational level — Studying stakeholder dynamics

Eheliyagoda WSP Team convened meetings with the participation of multiple
stakeholders from various disciplines that has relevance to the WSP though various
commitments. These stakeholders represented professionals from water supply, public
health, environment, agriculture, sociology, water quality as well as senior public
administrators, community level government officers, police, community leaders,
religious leaders, school children and community members. These meetings and
subsequent networks were extremely useful in understanding the dynamics in

transforming a documented WSP into action at the grass roots level.
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3.1.3 Subnational level — Collection of field data
Direct partnership was built with the team leader of the Eheliyagoda WSP thus getting
real time updates on how they proceeded with the implementation. Accordingly field
visits to the scheme and relevant areas were made jointly with the WSP team members.
The locations covered during the field visit were as follows.
e Catchment area of the water source
o Residential areas
o Rubber plantation and rubber factory
o Temple
o Natural forest area
o Upstream water intake
e NWS&DB Regional Support Centre (Sabaragamuwa)
e Eheliyagoda water treatment plant
e Office of the Medical Officer of Health, Eheliyagoda

Figure 3.1 shows the map of the area and locations involved in field data collection.

A

Eheliyagoda Water
Treatment Plant

/ AN
Stakeholder :

offices (eg. MoH)

Figure 3.1 — Field data collection area map
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3.2 Summary of data collected

Both guantitative and qualitative data was collected as summarized in the Table 3.2.

Table 3.2 — Summary of data collection

Description of data category Source (s) Method(s) of Remarks
Collection
1 | Policy and legislative CEA, Web, Interviews, 16 milestones found with
milestones pertaining to Eheliyagoda Browsing, complete documents for
water safety WSP team Documents 7
2 | Chronology of WSP NWS&DB Interviews, From the chairperson of
implementation in NWS&DB Documents WSP steering committee
3 | Eheliyagoda Water Supply Eheliyagoda Interviews, Including geographical,
System (Catchment and WSP team WSP demographical and
Treatment) Documents, infrastructure related data
Observations
4 | Water quality data of NWS&DB Operational The laboratory has not
Eheliyagoda WSS Eheliyagoda logs tested fertilizer residues
water treatment and agro chemical
e Daily - raw & treated — plant and Water quality | residues due to
on Turbidity, pH and Rathnapura reports limitations of capacity
RCI laboratory
Daily records were found
e  Monthly - raw & treated only for 2014 while
— og@glour, pH. rmonthly reports were
Tlukeidstl| Chioride; available for 2013 and
Aljealigtiy, Hardness, 2014
TDSEAd Iron
5 | Water pollution data of Superintendent | Interviews Rubber industry related
Eheliyagoda catchment of Eheliyagoda data collection can be
watta Estate Water quality | made a research on its
e Fertilizer and reports own
agrochemical usage in NWS&DB
rubber plantation regional Observations
laboratory,
e Waste water quality Rathnapura
analysis of rubber
processing
6 | Socio — Economical data of NWS&DB Raw data Reports generated with
catchment inhabitants Sociologist SPSS
7 | Monthly rain fall data for Department of From 2004 to 2014
Eheliyagoda meteorology
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3.3 Presentation of Data

3.3.1 Policy and legislative milestones towards water safety

Table 3.3 — Policy and legislative milestones towards water safety

Year Milestone

1935 | Land Development Ordinance No: 19

1946 | Irrigation Ordinance No. 32

1951 | ActNo. 1

1951 | Soil Conservation Act

1959 | Electricity Board Act

1964 | Water Resource Board Act

1965 | River Valleys Development Board Act

1979 | Mahaweli Authority Act

1980 | National Environment Act (NEA) No. 47

1988 | NEA Amendment Act No. 56 (Regulatory tools such as EIA, EPL etc)

1990 | Gazette Extraordinary No. 595/16 on Waste Water Discharge Standards

2000 NE@%\mendment ActNo. 53 (Prescribing EPL requiring activities)

2008 Gaiét_fe‘ Extraordinary No: 1534718 on revised waste water discharge standards

2009 | National Policy on Drinking Water (updated)

2009 | Cabinet paper on establishment of a Water Quality Surveillance System

2014 | National Policy on Protection and Conservation of Water Sources, their
Catchments and Reservations in Sri Lanka

3.3.2 Chronology of WSP implementation by NWS&DB

This has been already presented in detail in Chapter 1 — INTRODUCTION under the
sub title; 1.1.5 - Sri Lanka’s Progress towards drinking water safety. Yet it is repeated

concisely for the completion.

a) Cabinet Memorandum between the Ministry of Water Supply and Drainage

and the Ministry of Health (2009)

b) Pilot implementation of Water Safety Plans by NWS&DB under the support of

WHO with the following actions (2014 onwards)
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Vi.
Vii.

viii.

Building institutional capacity of NWS&DB on water safety (in terms of
knowledge and human resources)

Piloting WSPs at 6 water supply schemes

Development of regional WSP models from pilots to be replicated
Establishment of WSP coordination mechanism

Integration of WSPs with catchment management programs

Inclusion of WSPs in university short courses and post graduate courses
Upstream advocacy at Ministerial level (both water supply and health)
Establishment of internal monitoring cell

Emergency preparedness and response related to WSPs

Quality assurance mechanism for WSPs

3.3.3 Eheliyagoda Water Supply System

Legend
@ WP -Eheliyagda

l:l Eheliyagoda DS Division
D Rathnapura District DS Divisinos

Lacation Map+Eheliyagada WIR |

9

0 4,800 9,600 19,200 28,800 38.400
[ == Meters

Figure 3.2 — Location map of the Eheliyagoda Water Supply System
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Table 3.4 — Overview of Eheliyagoda Water Supply System

water)

Category Description Data
Province Sabaragamuwa
Administrative | District Rathnapura
andbgﬁﬁg;?ipeiical Divisional Secretariat Eheliyagoda
Water treatment plant location 2L away from Ehgliy_agoda_ town along
Eheliyagoda — Dehiovita main road
Capacity 1400 m3/day
Service Population 15,667 persons
Quality of Treatment category Partial
Service Service duration 24 hrs.
Water transportation (raw and treated Under gravity

Water Source

Main water source

Stream — Biso Dola

Main source raw water tapping location

1.5 km upstream of treatment plant

Secondary source (for drought period)

Dug well

Catchment
(main source)

Catchment area

3.1 km?

Primary land use

Rubber plantation

Secondary land use

Household tea plantation and gardening

No. of inhabitant families

300

No. of Connections

2583
(Domestic 2184, Commercial 334,
Industrial 1, School 7, Other 57)

(GND)

No. pfi Makves 47

; (Air valves 14, Section valves 33)
{Total'piggIengii (i)
(transmission angl. distripution) S

"| No of'Grama’Niladdri'Divisions Covered 15

(Coverage share in each GND ranges
from 1.8% to 90.5%)

f

Water
Treatment
Plant

Rubber
Factory

Rubber Factory
Waste Water Plant

Water Source
(Stream) - Biso-Dola)

Figure 3.3 — Google map of Eheliyagoda Water Supply System
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Figure 3.4 — Process diagram of Eheliyagoda Water Supply System
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Figure 3.5 — “Biso Dola” catchment map of Eheliyagoda WSS Figure 3.6 — Catchment land use map of Eheliyagoda WSS
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Figure 3.9 — Observations of Eheliyagoda catchment
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Figure 3.10 — Observations of Eheliyagoda water treatment plant
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3.3.4 Water quality data of Eheliyagoda Water Supply System

Table 3.5 - Daily treated water quality analysis (eg. August, 2014)

(Data collected at the water treatment plant for 11 months in 2014 in a similar format)

Raw Water Treated Water Raw Water Treated Water

Date | Time | Tur. Tur. RCI Date | Time Tur. Tur. RCI
n~tu) | PP NTY) | PR (mg/l) ~ntu) | PR P ovoy | PP (mon)

1 8.00 2.05 1.74 7.8 1.0 18 8.00 3.88 1.24 7.8 1.0

16.00 5.99 1.0 16.00 2.22 1.45 1.0

. 8.00 10.30 78 1.0 6 800 2.4 16.90 7.8 1.0

14.00 647 TP T80 5.31 4.03 1.0

18.00 3.21 1.0 20 8.00 2.42 2.01 7.8 1.0

8.00 244 78 10 14.00 2.21 1.47 1.0

° 1400 | 167 2.30 1.0 2 8.00 2.56 1.60 78 1.0

18.00 | 481 2.92 1.0 16.00 4.81 3.56 1.0

6 8.00 8.36 5.04 7.8 1.0 22 8.00 85.7 17.50 1.0

16.00 | 3.92 2.70 1.0 25 8.00 257 1.75 7.8 1.0

- 8.00 2.01 153 7.8 1.0 14.00 2.41 1.45 1.0

16.00 | 167 1.38 1.0 26 8.00 1.59 1.04 7.8 1.0

8 8.00 2.28 1.27 78 1.0 18.00 1.9 1.18 1.0

16.00 | 38.05 6.56 1.0 27 8.00 2.11 131 78 1.0




Table 3.6 - Monthly treated water quality analysis (eg. October, 2014)

(Data collected at 6 sampling locations for 11 months in 2014 in similar format)
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o) —
< | 2014/11 | Tapat S ) )
3 |15 < 89 Nendurana road D 0.3 0 0 25 | 160 | 7.35 | 326 8 16.2 | 248 | 16.0 S 215
L —
rss 2014/11 | Tap at Moragala S) ) )
4 | 15 < 90 Muslim hotel D 0.1 0 0 25 | 140 | 733 | 324 8 164 | 242 | 16.0 S 214
o —
= | 2014/11 | Tap at Panawala o 0.47
5 | 15 5 91 road D 0.2 0 0 25 | 140 | 735 | 322 8 16.6 | 24.0 | 16.0 S 27.8 6 21.2
o) —
< 2014/11 | Clear water Tank o 0.97
6 | 15 5 93 (Sump) H 1.0 0 0 25 | 1.00 | 738 | 324 | 12 | 16.0 | 240 | 16.0 S 28.1 5 214
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Table 3.7 - Monthly raw water quality analysis (2014)

(Data collected at 3 sampling locations for 10 months in 2014)

5 |2%|4s <|cc| EE| 8
T = 0 = = —
_E| &2 ~| 8~ |SE|S5E|g|5_| 2|52 |88 | =8| | -~
g |82|3Ba| £ |05 | eS| 8~ 55 | 83| =5 |E<S|gE |52 |c52|25|2%
Month Date £ |8§|E2| s |wg|EE|<Y |25 |2E | g8 38 S = EEERE SE|8E
~— —_— — > == =] — ~ ~
I|Fe T2 | 28|88 |7 |F | 8g|Se|E2 |52
$) |9 P A O = © i <
January 16.01.2014 | 12.00 | 25 1.0 690 | 89.4 | 100 | 320 | 46.0 36 | <001 | 32 | 0243 | TNC | TNC
February | 18.02.2014 | 1545 1 5 15 8.901 1768 (Vi o VL0 clilbgl 364 Lot L L8 ChY 0480 | TNC | TNC - -
March 18.03.2014 17.3%& ; 6 68D L1726 |1 160 P 820 L%68p Po-tteplot Y48 | 0480 | TNC | TNC - -
April 01.04.2014 : th Y66~ 6761~ 128t 286 | 36.0 16 | <001 | 22 | 0360 | TNC | TNC - -
May 19.05.2014 | 17.45 | 20 6.8 712 | 385 | 120 | 180 | 26.0 16 | <0.01 8 1.940 | TNC | TNC | 3.2 9.6
June 16.06.2014 | 1545 | 25 1.4 6.83 | 307 | 12.0 | 180 | 200 16 | <001 | 16 | 048 | TNC | TNC | 3.8 0.8
July 14.07.2018 | 1545 | 25 2.8 6.96 | 303 8.0 160 | 180 16 | <0.01 | 120 | 0970 | TNC | TNC | 4.2 12,5
August 18.08.2014 | 1545 | 25 2.6 6.65 | 27.3 8.0 160 | 20.0 16 | <0.01 | 120 | 1.621 | TNC | TNC | 36 9.3
September | 16.09.2014 | 15.45 | 7.5 1.2 697 | 250 | 120 | 180 | 21.0 16 | <0.01 | 160 | 0243 | TNC | TNC | 6.2 15.8
October 15.10.2014 | 1555 | 7.5 2.4 749 | 299 | 120 | 200 | 24.0 16 | <0.01 | 180 | 0972 | TNC | TNC | 56 16.2
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3.3.5 Water pollution data of Eheliyagoda catchment

Table 3.8 — Analysis of waste water from rubber processing plant (2014)

) 14th Jul. | 18th Aug. | 15th Sept. | 15th. Oct. | 17th Nov.
Parameters Unit
14.35 hrs. | 18.00 hrs. | 17.50 hrs. | 16.20 hrs. | 15.45 hrs.
ggltﬁjssus"e”de‘j mg /1 6.5 8.4 72 8.2 4.0
BOD mg /| 8.0 12.0 8.0 8.0 6.0
COD mg /| 72.0 28.0 26.0 12.0 18.0
pH 7.5 7.4 7.5 7.4 7.1
Colour Hazen 25.0 30.0 25.0 20.0 75
Turbidity NTU 42.0 84.0 62.0 54.0 40.0
Temperature °C 28.8 28.0 28.4 27.6 26.0

Observation -  Large
patches of eliminated
ground vegetation is seen
due to application of
“Glyphosate” to clear
paths  between  rubber
trees. Close proximity of
“this'agro chemical to the
water source poses an
extreme risk.

Observation — High soil
erosion within the
catchment transports loads
of sediments to the water
source. The  sediment
carries “adsorbed” agro
chemicals and fertilizer
used in the rubber E
plantation. This is an [
extreme risk.

F)

Figure 3.12 — Soil erosion in the catchment
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3.3.6 Socio economic data of catchment inhabitants of Eheliyagoda

The WSP team had undertaken a socio — economic study among the catchment
communities pertaining to their background and understanding on catchment
management. The sample had consisted of 85 households. The study carried a total of
31 questions out which 27 were closed ended and only a 4 were open ended. The
questions belonged to the following key categories.

e Administrative and geographical information of the housing unit

e Personal data of the inhabitants of the housing unit

e Land use of the home garden

e Knowledge, attitudes and practices related to organic farming

e Income generation and level of expenditure

e Water, sanitation, hygiene and solid waste management

e Knowledge and attitudes on catchment demarcation

Table 3.9 — Parameters related to community catchment management

=% No_of Practicing NO “of Erke ? No. of
':”'g}—iouseholds @rdanit HousekeldsifiliCatehment | Households
& Farming Management
Below 57 Yes 20 Yes 85
20,000
Above 28 No 65 No 0
20,000

Figure 3.13 — WSP team with community leaders
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Land boundaries and the method of demarcation can be a serious concern for
communities when it comes to development initiatives that spread over a large
geographical area cutting across private properties. There has been a tendency of
people becoming skeptical of development initiatives due to the fear of losing their

living space and livelihoods regardless of the legal ownership of the lands.

In the case of Eheliyagoda water supply system, the demarcation of the catchment
boundary and reservation of the water stream had been methodically done by the
Waster Safety Plan team thus preventing possible speculations and unrest among the
inhabitants. The services of Land Use Planning Officer attached to the Eheliyagoda

Divisional Secretary’s office has been obtained thus leading a professional output.

The mandate of this Officer is only limited to government owned lands that, in some
rural cases, encroached by the neighboring communities knowingly or unknowingly.

Stream reservations and land use maps of the area have been professionally developed

by this :nt and evidence
based t lg%. maps and boundaries had Héen"quite ‘helpf get community
particip on“’to negoti )n._how best Id tril lemarcation and
management of to plant durable

trees along the stream reservation instead of concrete land posts thus avoiding

emotional feeling of hostility among neighboring inhabitants.

In addition the maps developed in the exercise have been extremely useful in
visualizing domains of different elements of the water supply system and assigning
accountability for professional contributions. For example the rubber plantation
owners and management have been logically convinced on the effects of plantation on
the water supply system as well as their accountabilities to take certain precautions and

actions of mitigation.
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4. ANALYSIS & DISCUSSION

4.1 Rationale of the Analysis

Water Safety Plan (WSP) cuts across 4 elements of a conventional Water Supply
System (WSS); Catchment, Treatment, Distribution and Consumer. Thus it
comprises of a substantial diversity in terms of domains and stake holders as shown

in Figure 4.1.

Multiple
Domains

Multiple

Single
Domains

Domain

Catchment =) Treatment » Distribution = =) | Consumer

Multiple
Stakeholders

Single
Stakeholder

Multiple
Stakeholders

Léma Diversity assocjated with conventional Wa pply System

Wa Distribution that
largely associate with professional components of water supply such as
technology, administration and finance. However the elements Catchment and
Consumers consist of a large number of stakeholders from multiple domains who
don’t necessarily play any direct role with respect to water supply. However
directly or indirectly they are able to influence water safety in a big way. Dynamics
of stakeholders in a catchment are linked with intake water quality for Treatment
as well as drinking water safety at the point of use is linked with the dynamics of
the very Consumers (WHO, 2011, pp36).

For these reasons a study on WSP has to associate with both nonprofessional

human dynamics, such as attitudes and behaviour, as well as professional systems
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and procedures. As a result an analysis on WSP would come across both qualitative

and guantitative data that apparently has no correlation by any means.

While the research Question reflects more qualitative aspects the research Aim and

Obijectives are supposed to generate rational and credible evidence largely based

on guantitative information. Hence the approach of this analysis was planned with

a view to deriving a qualitative rationale with quantitative evidence by analysing

the Water Safety Plan of the Eheliyagoda Water Supply System. The analysis was

confined only to the major part of the System with the stream (Biso Dola) as its

water source. The alternative water source (Dug Well) was not considered in this

case due to the unique nature of the 2 sources. Table 4.1 presents the outline of the

analysis.

Table 4.1 - Summary of analysis of Eheliyagoda Water Safety Plan

Analytical Step Methodology

4.2 | ldentifying the critical Modules of | Checking actual progress and

ERgliyagodd MiSR complianee ot WER, with WHO WSP
5"»3 Manual for drinking water suppliers

4.3 | YaRelysing Risk Rerassessment Graphical analysis comparing Risk
under WSP Module 4 Assessment and Risk Re - assessment

4.4 | Analysing improvement plan under | Qualitative analysis on improvement
WSP Module 5 plan against Risk Re-assessment

4.5 | Generating evidence beyond risk Graphical and qualitative analysis of
matrix water quality parameters associated with

extreme risk ratings

4.6 | Quantifying evidence on risks Sample quantification and qualitative

beyond the risk ratings analysis on soil erosion and chemical
pollution within catchment

4.7 | Understanding resource allocation Qualitative analysis on stakeholder
and accountability in Water Safety | interactions and resource categories
Planning

4.8 | Deriving the need to rationalize Qualitative analysis on proposed
resource allocation for WSP resources and associated perceptions

4.9 | Deriving a model for rationalizing Application of bottleneck analysis based
resource allocation on Tanahashi model
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4.2 ldentifying critical modules of Eheliyagoda WSP
As a document Eheliyagoda WSP was found to be complete. It had been developed

through a consultative and participatory process. As the first step the compliance

of this WSP was analysed with respect to the guidelines presented in WHO WSP

Manual for drinking water suppliers as shown in Table 4.2.

Table 4.2 — Compliance of Eheliyagoda WSP with WHO WSP Manual

WSP Module Strengths Challenges
1 | Assemble the WSP team Diverse group Coordination mechanism not
clear
2 | Describe the water supply system | Comprehensive
3 | ldentify hazards, hazardous Comprehensive Consumer element missing
events and assess the risks
4 | Determine and validate control Comprehensive 29 Hazardous events with 7
measures, reassess and prioritize extreme and 10 very high risks
the risks
5 | Develop, implement and maintain | Priorities Long term activities consuming
an improvement / upgrade plan justified a lot of resources while no short
| li m actions
6 fine itoring of the.contro} comp e
|| megStiges s s ¥ 4
7 | Mekifylthe effedtivenessiof the N Qulyisr 1ce monitoring by
WSR= is available. No
S ing and consumer
2asures
8 | Prepare management procedures No compliance with guidelines
with no reference to regular and
emergency procedures
9 | Develop supporting programs Sufficient
enough
10 | Plan and carry out periodic Sufficient
review of the WSP enough
11 | Revise the WSP following an As an when
incident needed

Challenges within Modules 4, 5, 7 and 8 are critical. By the time of research the WSP

team was engaged on rolling out Modules 5 and 9. Modules 6, 7 and 8 can be improved

slowly and they largely depend on the way Modules 4 and 5 are rolled out. Hence

obviously the Modules 4 and 5 are critical and deserve further analysis on their

compliance and improvements. This explanation is visualized in Figure 4.2.
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Preparation

(1) Assemble the WSP team

Modules
4&5
Analytically
Focused

|

System Assessment

(2) Describe the water supply
system

(3) Identify hazards, hazardous
events and assess the risks

(4) Determine and validate
control measures, reassess
and prioritize the risks

(5) Develop, implement and
maintain an improvement /
upgrade plan

m

perational Mot |ng

| of the

(7) Verify the effectiveness of
the WSP
(Does the system meet
health based targets?)

Management and Communication

Feec _
(11) %@S‘ ‘ A 4ah i
hewsP L) 116 |
an periodic
incident review
of the
WSP
—le - .
Incident !

(8) Prepare management procedures

___________

(9) Develop supporting programs

Figure 4.2 — Critical Modules in analysing Eheliyagoda WSP
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4.3 Analysis of risk re-assessment (Module 4)

Risk assessment of the Eheliyagoda WSP has been based on the following criterion

of the WHO Water Safety Plan Manual (Bartram et al., 2009, pp. 27 -28).

Hazard (Contaminant): Physical, biological, chemical or radiological agents that

can cause harm to public health

Hazardous Event (Cause): An event, practice or outcome that introduces hazards

to or fails to remove them from water product

For a given hazardous event

Risk = Likelihood (Frequency) x Consequences (Severity)

Risk assessment has been based on the semi — quantitative risk matrix approach,

an adaptable guideline by WHO, as shown in the Table 4.3.

TableMg&e/Semi guantitative risk matrix approach

Conseguence or Severity
Catastropnic iviajor iviinor Aesthetic No Impact
Public Regulatory | Regulatory Impact or Not
Health Impact Impact Detectable
Impact (Wide (Isolated
(Epidemic) spread cases of
illness) illness)
Rating 5 Rating 4 Rating 3 Rating 2 Rating 1
- Once a day 15 10 5
& | Rating 5
S | Once a week 14 12 8 4
§ Rating 4
- "Once a month 15 12 9 6 3
S | Rating 3
8 | Once a year 10 4 12 4 2
% Rating 2
= | Oncein 5 yrs. 5 4 3 2 1
| ;
Rating 1
Risk Score <5 >=5 >=10 >=15 >=20
Risk Rating Low Moderate High Very High Extreme
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4.3.1 Vulnerabilities within Eheliyagoda Water Supply System

Risk Risk
Re-Assessment <:> Assessment
(RRA) (RA)

Exiting

ED:' Control

Measures

Figure 4.3 — Risk Re-Assessment of Eheliyagoda WSP

“Risk Assessment” had been performed under the
Module 3 of the WSP covering 3 water supply
system elements; Catchment, Treatment and
Distribution. “Risk Re-Assessment” had been then
followed under the Module 4 of the WSP by
incorporating the existing control measures on the
identified hazardous events as in Figure 4.3. There
are 7 types of hazards identified for Eheliyagoda
Water Su_pply System as shown in the text box.

Before;.;"*'—'"’-_ql after™ Scenario ~of "the” RiSK™* Re-

Type of hazards identified
in Eheliyagoda WSS

Single

M — Microbial
C — Chemical
P — Physical

Combined

M/C — Microbial & Chemical
P/C — Physical & Chemical
M/P — Microbial & Physical
M/C/P — Microbial, Chemical
&itPhysical

Assessﬁ}igp{are shown in.the Figures 4.4, 4.5 and 4.6 respectively for the elements

Catchm-éﬁf: Treatment and Distribution.

Fig. 4.4 - Variation of risk rating in Catchment (RA to RRA)

10
2
c 8
o 1
[N
g ° 2
3 6
° 4 2 2
©
s, 5
T 11 1 1 1
o I B I l
RA RRA| RA RRA| RA RRA| RA RRA| RA RRA| RA RRA| RA RRA
M C P M/C P/C M/P M/C/P
Type of Hazard
M Extreme Very High High Moderate Low
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Fig. 4.5 - Variation of risk rating in Treatment (RA to RRA)
1

1
1 1 1
1
0

RA° RRA| RA° RRA| RA RRA| RA RRA| RA RRA| RA RRA| RA RRA

Hazardous Events
N

M C P m/C P/C M/P M/C/P

Type of Hazard

M Extreme Very High High Moderate Low

Fig. 4.6 -Variation of risk rating in Distribution (RA to RRA)

us Events

BN Y v 3 R B BN & ) RA RRA
W C r i/ F/C Wi/ P M/C/P

Type of Hazard

m Extreme Very High High Moderate Low

The risk rating is a measure of the vulnerability that each of water supply system
element is inherited with. Vulnerability can be defined as the combination of factors
determining the degree to which people’s life and livelihood are put at risk by a discrete
and identifiable event(s) in nature or society (Red R India, 2012). When it comes to
water safety, the vulnerability is on the public health.VVulnerability of each element of
the Eheliyagoda Water Supply System with respect to the 5 risk ratings and 7 types of

hazards are shown in the Figures 4.7 and 4.8 respectively.
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Fig. 4.7 - Variation of type of hazard in Water Supply System

2
c
()
>
w
5
o
e
©
o
T
M C P M/C P/C M/P M/C/P
Type of Hazard
= Catchment Treatment Distribution
Fig. 4.8 - Variation of risk rating in Water Supply System

8
v 7
c
L%’ 6
g 3 N

Low

Risk Rating

Treatment Distribution

= Catchment

Hence the vulnerability of the Water Supply System, even with the existing control

measures in place, can be interpreted as follows.

Catchment is the most vulnerable element (18 hazardous events — with 5
extreme, 3 very high and 7 high risk ratings)

Treatment is the second most vulnerable element (6 hazardous events — with
2 extreme and 3 very high risk ratings)

Distribution is the least vulnerable element (5 hazardous events - with 4 very
high with risk ratings)

Chemical hazard is the most critical while Microbial follows next.
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4.4 Analysis of upgrade & improvement (Module 5)

Out of the 29 hazardous events, there were 7 events with extreme risk rating. This part

of the analysis will be confined to those 7 extreme risks shown in the Table 4.4.

Table 4.4 — Eheliyagoda WSP extreme risks with no existing control measure

System Hazardous Event Hazard Type | Score Validation
Element (= Extreme Risk) Basis
Catchment | 1 | Microbial contamination of raw | Microbial 25 E.coli in Raw
water due to leachate water at three
accumulation from toilet pits locations
2 | Chemical contamination of Raw | Chemical 20 | Visual
water due to accumulation of observation and
latex from latex collection centre testing BOD,
in catchment COD, pH of
pollutant at
accumulation
point
3 | Chemical contamination of Raw | Chemical 20 Pesticide residue
water due to accumulation of analysis of raw
Agro chemical residues from water for
Eheliyagoda Estate tolerance limits
4 | Chemical contamination of Raw | Chemical 20 Fertilizer residues
we| Water, due to accumulatign, of analysis of raw
S, fertilizer Yesigues'from water for
f‘: Bheliyatoda Estate tolerance limits
"5 | High turbidity in river water Physical / 20 | Turbidity
after rain event due to soil Chemical measurement of
erosion raw water at
intake
Treatment | 6 | High turbidity in filtered water Microbial/ 25 | Visual
due to inefficient filtration Chemical/ observation and
Physical turbidity
measurement
7 | Microbial Contamination of Microbial 25 | Microbial analysis
filtered water due to back of filtered water
washing the filters with raw
water

The WSP team had articulated an upgrade and improvement plan for the risks
associated with all the 29 hazardous events. The Table 4.5 contains the proposed
improvements that correspond with the 7 events with extreme risks except the
hazardous event No. 2 which comes under the purview of the rubber processing

factory.
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Table 4.5 — Eheliyagoda WSP improvement plan for extreme risks

Hzds. »
Action Event Lkt Accountability Due Status
(Table Improvement
4.4)
Prevent backwashing Install back washing | Regional Manger | Within | No
1| of filters by raw water 7 pump (NWS&DB) SiX action
months
Implement measures Install and validate Additional Within | On
to control Microbial sedimentation and General Manager | one going
2| contamination in final 6 rapid sand filtration | (NWS&DB) year
water produced system to WTP
Implement measures Introduce septic WSP Committee | Within | On
to prevent tanks to each toilet one feasibil
accumulation of toilet 1 for 20 houses year ity
3| leachates to the river stage
Prevent accumulation Implement WSP Committee | Within | On
of agro chemical and 3 comprehensive three going
fertilizer and minimize Catchment years
4| hi turbidity in rain 4 Management Plan
event in river water
due to soil erosion 5

Both extren@isk ratingcmatniX £ Table 4:4) gs Wel asiprapesed improvements (Table
4.5) are dirééfiproducts of thedsemilgiantitative risk matrix approach from the WHO
Water Safety Plan Manual. However the Manual itself has acknowledged the
limitations of it as a tool. When discussing on “broadening the application of risk
assessment” it is mentioned that many water suppliers restrict hazard identification and
risk analysis to those that relate directly to their own compliance parameters (which
may be due to WSP team capacity). Although issues outside their purview are well
documented in the WSP those are unlikely to be considered as a part of implementation
(Bartram et al., 2009, p. 36).

Despite the fact that there has been lack of examples on how a water supplier may
implement a WSP beyond their domain, Eheliyagoda NWS&DB officials have taken
commendable initiatives in this regard as shown in the improvement plan. Particularly

the Action 4 on catchment management is significant since it attempts to cater 3
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hazardous events with extreme risk ratings. On the other hand the Actions 1 and 2 are

clearly under NWS&DB’s (water supplier) purview.

4.5 Evidence generation beyond the risk matrix

Limitations of the semi quantitative risk scoring matrix have been known since the
inception of WSP implementation. It is hard to find reasonable quantifications for
certain hazards where time is wasted on hypothetical situations to reach consensus.
The situation becomes more complex when risks are re-assessed with respect to
existing control measures. Hence the WHO WSP Manual itself encourages WSP teams
to have customized the risk re-assessments to generate more quantitative evidence
(Bartram et al., 2009, p. 36). Quantified evidence has much weight and value in
convincing decision makers rather than a ranking score results from a qualitative
approach. Rational decisions would make resource allocation much valid and make

investments more relevant to the prevailing ground conditions.

Accord the Eheliyagoda
WSP Ce <d§Fe;;§ :-sav-t-,éﬂf: T -U!l"‘: yvater s u\n?\;} fx'r‘rﬁq ot azard 7 Lnd Water quallty
parametersagEgrder of vulnerability and se " | e 4.6.

Table 4.6 — Most vulnerable & severe entities within Eheliyagoda WSP

Vulnerability | Water Supply | Hazard Water Quality
& Severity Element Type Parameters
1 Catchment Chemical E.coli
2 Treatment Microbial | Agrochemical residues
3 Fertilizer residues
4 Turbidity

The semi-quantitative risk matrix and improvements & upgrade plan have attempted
to relate the above entities towards achieving water safety. However presentation
through the standard WHO formats does not seem to be comprehensive and rational
enough to impress decision makers as well as other stakeholders with no formal
commitments in water supply. Hence it was thought of interpreting the extreme risks

in terms of routine water quality data collected by the Eheliyagoda water supply
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scheme staff. Depending on the sampling frequency the analysis was based on 2

categories. Data is pertaining to both raw and treated water.

1. Monthly sampling for full analysis (One day fixed in the middle of the month)

from the sampling points shown in Figure 4.9.

2. Daily sampling for analysis of Turbidity, pH and RCI from samples collected

at the water treatment plant

4.5.1 Risk interpretation based on monthly water quality parameters

Distribution Map
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& Catchment
o
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Legend

pipe eheliyagoda_Shapefile(2)
— Biso Dola

0 420 840 1,680
Catchment L=

IR}

@ Sampling Point

r—i— Z

Figure 4.9 — Monthly treated water sampling locations

Note: - Average of the 6 samples (once a month) was taken to represent each water

quality parameter during the analysis
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Figure 4.10 to 4.17
Fluctuation of monthly water quality parameters of raw water and treated water
(From January to October, 2014)

Fig. 4.10 - Colour fluctuation
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Fig. 4.12 - pH fluctuation

pH
IS N
(9] ~ (9]
I N\

6
1 3 5 7 9 11
Time (month)
= = -S5|S614 (lower) = = -SLS 614 (upper) Raw Water Treated Water
Fig. 4.13 - Choride (as Cl) fluctuation
18.0
_ 160 SLS 614 Max.
5 250 mg/I
£ 140
G 19N B
; -—
:‘ “ :- 1_,,.1*",‘ .
11
Time (month)
= Raw Water Treated Water
Fig. 4.14 -Total Alkalinity (as CaCO,) fuctuation
66.0
— 56.0 SLS 614 Max.
S~
E 46.0 200 mg/I
>
£ 360
=
= 26.0
<
£ 160 — —
2
6.0
1 3 5 7 9 11

Time (month)

Treated Water

= Raw Water

67



Toral Hardness (mg/I)

Sulphate (mg/l)

TDS (mg/l)

86.0
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26.0
16.0
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Fig. 4.15 - Total Hardness (as CaCOj) fluctuation
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Fig. 4.16 - Sulphate (as SO,) fluctuation

SLS 614 Max.
250 mg/|

relE i

A A 2 B
J1 _IVILJIALLLVY A,

Time (month)

Treated Water

e Raw Water

Fig. 4.17 - Total Dissolved Solids fluctuation
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For the whole period both Total Coliform and E.coli counts and Residual Chlorine

(RCI) values of raw and treated water are summarized in the Table 4.7.

Table 4.7 — Total Coliform, E.coli and RCI values (from January to October, 2014)

Parameter Raw Water Treated Water
Total Coliform Count Too Numerous to Zero
(35°C/100ml) Count (TNC)
E.coli Count Too Numerous to Zero
(35°C/100ml) Count (TNC)
RCI (mg/l) Inapplicable 02-1.0

Critical interpretations on Figure 4.10 to 4.17 and Table 4.7

a)

b)

d)

Microbial contamination of raw water is extremely high and extreme risk no.
1 in Catchment is totally out of control. However results after treatment shows

that still this risk does not affect the point of use drinking water safety.

( €83MbN to-the-extrame Tisksne. 3-angh 4: therggian: yratory has been

itesio testithepatamaters for b artilizer residues
.......... g Nitrate, Nitrite and Phosphates. This s a critical factor missing in the

upgrade and improvement plan.

In relation to the extreme risk no. 5, raw water Turbidity at intake was
reasonably under control with a maximum value 6.8 NTU during the 10 month

period.

E.coli and Turbidity fluctuation in treated water from “once a month full
analysis” validates that the extreme risks no. 6 and 7 in the Table 4.4 are fully

under control following Treatment.

Since the above analysis is based on monthly sampling there needs to be further

understanding on how critical parameters fluctuate daily. Out of the 4 critical

parameters of the Table 4.6, daily sampling data was available only for Turbidity.
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4.5.2 Risk interpretation based on daily Turbidity

Daily Turbidity, RCI and pH data were available for treated water from January to
November, 2014. On certain days Turbidity has been recorded several times depending
on the fluctuation of stream water quality based on visual observations. Unlike in
monthly sampling, daily sampling has revealed considerable fluctuation of Turbidity
of “treated water” within a given month. Figures 4.18, 4.19 and 4.20 show the

fluctuation of monthly maximum and minimum Turbidity over above duration.

Fig. 4.18 - Fluctuation of maximum and minimum monthly
Turbidity of treated water in 2014
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Fig. 4.19 - Fluctuation of minmimum monthly Turbidity of
treated water in 2014
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Fig. 4.20 - Fluctuation of maximum monthly Turbidity of
treated water in 2014
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Therefore it is evident that Turbidly of treated water has exceeded the SLS 614
maximum limit in every month while reaching dangerously high values during the

months from May to July as well as September to November.
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Source: Department of meteorology — Eheliyagoda Station
While the monthly average rainfall may be too generic to see the rain fall pattern, still
a visual correlation can be observed in the rainfall fluctuation and monthly maximum

Turbidity fluctuation in “treated water”. This is quite apparent in 2" and 4" quarter of
the year when Figures 4.20 and 4.21 are compared.
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Water treatment plant operators had started to document daily Turbidity of both raw
and treated water since June 2014 with average 40 readings per month. To observe

more realistic Turbidity fluctuation the whole data set is plotted in Figure 4.22.

Fig. 4.22 - Daily Turbidty fluctuation - June to November, 2014

100
90
80
70
60
50
40
30
20
10

Turbidity (NTU)

June July Aug. Sept. Oct. Nov.

Time (Month)

Raw Water

Treated Water

“fgialso reflects’ “elevated " Turbidity “in~ both™ raW " and treated water
correspondirﬁfo the peaks in Figure 4.21. Furthermore much larger data set of Figure
4.22 showsx’rﬁjﬁch realistic picture of Turbidity fluctuation than Figures 4.18, 4.19 and
4.20. It also gives the opportunity to compare Turbidity of both raw and treated water
fluctuations at a glance. Most of the times Turbidity of treated water seems to have
been proportional to that of raw water. In the absence of flocculation and coagulation

the scenario is not unlikely and diverts urgent attention on the existing filtration.

Critical Interpretations of from Figure 4.18 to 4.22

a) High Turbidity in both on raw and treated water is proved to be the most critical
water quality parameter with respect to the available data.

b) Turbidity is apparently proportional to the intensity of rainfall thus catchment soil
erosion is proved to be a substantial component of Turbidity.

¢) Though agrochemicals and fertilizer residues have not been tested, soil erosion and

surface runoff can most probably transport them to the stream.
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4.6 Quantifying evidence on risks beyond risk ratings

Existing treatment has so far been able to prevent the propagation of microbial
contamination (E.coli) beyond the Treatment element towards the Consumer element.
However the existing treatment has failed to prevent the impact of soil erosion
propagating towards consumers. Though not tested the same path would carry the
chemical pollution (mainly from rubber industry) towards the consumers,
particularly when associated with soil erosion. This part of the analysis is dedicated to
arrive at a reasonable quantification of these two pollution factors that cause several

hazardous events in this Water Treatment System.

4.6.1 Quantifying soil erosion
It is assumed that the soil erosion in Eheliyagoda catchment comprises of 4 erosion

types namely; impact, sheet, rill and channel erosion. (Rusle, 2012)

Extensive review of literature on the topic revealed that “Universal Soil Loss Equation

(USLE 1)

A - Potential long-term average annual soil loss in tonnes per hectare per year

)

Rainfall factor by geographic location

K - Soil erodibility factor (average soil loss) in tonnes per hectare
LS - Slope length-gradient factor

C - crop/vegetation and management factor

P - Support practice factor (erosion control practices)

Figure 4.23 shows the catchment map of the Eheliyagoda Water Supply System. The

rest of the parameters were calculated with certain assumptions based on this map.
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Figure 4.23 — Eheliyagoda catchment map

Study by W. D. Joshua on “Soil
erosive power of rainfall in
different climatic zones of Sri
Lanka” contains wealth of
information on applying the
USLE in Sri Lanka. One of its
data point has been Rathnapura
where the results are quite
reasonably  applicable to
Eheliyagoda. Accordingly the
area has Red-yellow podzolic soil

with K =0.22 (Joshua, p. 59).

R =100
(Stone et al., 2012, p.2)

Assuming a?éggge stope length to be 250m“and’sfope’to be6%

LS = 191(gtone etal., 2012, p.3)

C
Crop type factor = 0.1 (assuming for Rubber)

Crop type factor x Tillage method factor (Stone et al., 2012, p.4)

Tillage method factor = 0.25 for No till (Stone et al., 2012, p.4)

C =0.1x0.25=0.025

P = 0.37 (Stoneetal., 2012, p.4)

A = 100x0.22 x 1.91x 0.025 x 0.37 = 0.39 tonne/hectare/year
A = 39 tonne/ km?/year

The total potential average soil loss (erosion) in the catchment = 121 tonnes/year

(= 39 x 3.1 assuming homogenous erosion across the catchment)
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4.6.2 Quantifying chemical pollution from rubber industry
Eheliyagoda watta rubber estate within the catchment covers 75% of catchment area.
Rubber cultivation and production associates with 3 apparent pollutants that contribute
to the hazardous events with extreme risk rating in the catchment.

1. Fertilizer use in the estate and nursery

2. Weedicide use in the estate

3. Waste water discharged from latex rubber processing factory

Table 4.8 — Rubber industry related chemical pollutants in the catchment

Pollutant Product Constituents | Load utilized
Type within
catchment
Fertilizer RSA 799 NH3 11.6 tonne/year
RU121414 N, P, K
Rock Phosphate | P
Weedicide Glyphosate - 31 I/month
(to be
AtanArntine ed)
'\."‘v"t e [, VAol V atel [\ C AGIO ~LH1CI When
; B%pz | | ‘5_;.\,!~:4‘w : ARV .IO
BRedegssirg lcC (Bolibks | @leta ble
At pres 5 (N and P). Yet

with evidence of soil erosion and high Turbidity in both raw as well as treated water,
the possibility of fertilizer residues being present in drinking water is likely. Out of the
average total 11.6 tonnes / year of fertilizer RSA 799 shares 4.35 tonnes / year.
Proportion of other 2 types depends on the Foliar Analysis by the Rubber Research
Institute (RRI1). Depending on the nutrients in soil as well as the age of the plant there

are 5 prescribed mix proportions of fertilizer to be applied.

Glyphosate is one of the most widely used weedicides in agriculture, forestry,
industrial weed control, lawn, garden, and aquatic environments. “Signal words” for
products containing Glyphosate may range “from Caution to Danger”. The U.S. EPA
does not consider Glyphosate to be a human carcinogen based on studies of laboratory
animals that did not produce compelling evidence of carcinogenicity. Yet in Sri Lanka
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there has been sensitive and controversial discussions going on regarding Glyphosate.
Hence in relation to soil and water the following facts worth noting (National Pesticide

Information Center, 2015):

e Glyphosate adsorbs tightly to soil

e Glyphosate and its residues are expected to be immobile in soil

e The median half-life of glyphosate in water varies from a few days to 91 days

e Glyphosate has a low potential to contaminate groundwater due to its strong
adsorptive properties. However, there is potential for surface water
contamination from aquatic uses of glyphosate and soil erosion

e The reference dose (RfD) for glyphosate in humans is 1.75 mg/kg/day

e The maximum contaminant level (MCL) of glyphosate in water is 0.7 mg/L

O O

) H |
o SN '\ "OH
OH

Figure 4.24 — Structure of glyphosate

There are many alternative views on glyphosate interms of health based targets. Bio
accumulation of glyphosate has been spotted due to its presence in both urine and
breastmilk (Scoopwithmysoup.com, 2015). Most importantly Glyphosate has been
concluded to be one of the 3 critical factors that cause the Chronic Kidney Disease in

Sri Lanka (Jayasumana et al., 2014).
Waste water generated from latex rubber processing factory is treated in a treatment

facility before it is discharged to the catchment. Summary of the critical water quality

parameters of the treated effluent is shown in Table 4.9.
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Table 4.9 — Water quality of treated effluent from latex rubber processing

| Tolerance Monthly Sampling near intake - 2014

Parameters Unit | Levels of
CEA July Aug. Sept. Oct. Nov.

Total
Suspended mg/ | 50 6.5 8.4 7.2 8.2 4.0
Solids
BOD mg/ | 30 8.0 12.0 8.0 8.0 6.0
COD mg/ | 250 72.0 28.0 26.0 12.0 18.0
pH 6.0-8.5 7.5 7.4 7.5 7.4 7.1
Colour Hazen N/A 25.0 30.0 25.0 20.0 7.5
Turbidity NTU N/A 42.0 84.0 62.0 54.0 40.0
Temperature °C 40 28.8 28.0 28.4 27.6 26.0

The effluent meets the Sri Lanka standards for discharging industrial effluents to inland

surface waters. The two pollution factors (soil erosion & rubber industry chemicals)

analyzed above need advanced

research methodologies for comprehensive

interpretations. Yet the above basic mapping would be sufficient to understand their

impact on the basic principles of WSP as shown in the Table 4.10.

Table 4.14 é‘@ritical paHution factars.in.Eheliyagoda W.SS.vs.basics of WSP

~Pollutant

Pollution Hazard | Hazardous | Vulnerable Compromised
Factor Type Event Waler WSP Basics
in WSP Supply
(Table 4.4) Element
Soil Soil particles | Physical 5,6 Catchment | e Risk
Erosion | with / without | Chemical management of
adsorbed agro Treatment all steps of
chemicals water supply
Rubber Fertilizer Chemical 4 Distribution
Industry e Multiple
Chemical Consumer barriers
Pollution [~\weedicides | Chemical 3
e Priority of
drinking water
aspects
Waste Water | Chemical 2 No Impact | No compromise &
Reasonable
compliance
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Critical observations on soil erosion and rubber related chemical pollution

e Quantifications under this analysis need advanced research methodologies for

comprehensive interpretations. Yet even sample quantification and mapping of

quantities are much stronger in influencing decision makers than standard

semi-quantitative risk matrix.

e Chemical aspect of drinking water safety is placed as the 2" priority since there

may be no immediate health problem. Yet this simple priority sequence does

not capture “exposure time” as a parameter when it comes to long term

exposure to chemical pollutants (even at low doses) that passes through all the

4 water supply system elements. Thus there needs to be a criteria to interpret

any cumulative or accumulated health risk over a time.

e In the absence of comprehensive analysis for generating evidence, available

quantifications and visual observations may be used as proxies for making

decisions for improvements as explained in examples below.

of Turbidity related hazardous events prompting improvements.

_‘oﬁ‘_j?Example 1 —While high Turbidity isreSufted Trom many causes, the

quantified soil erosion can be used as a proxy to interpret the severity

o Example 2 — While there is no available qualitative and quantitative

evidence on agro chemical pollution, visual observation of Glyphosate

usage near the very edge of the water source can be used to create a

concern and prioritize the relevant improvements.
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4.7 Resource allocation and accountability in Water Safety Planning

Implementing any plan needs resources as well as a frame work of accountability and
so does the implementation of WSP. Unlike a pure infrastructure project, a WSP needs
constant reviewing and revising of its own components when time passes. Thus there
needs to be serious concerns on its sustainability from the planning stage itself. Based
on the observations of Eheliyagoda WSP, the type of resources needed for

sustainability can be qualitatively summarized as in Table 4.11.

Table 4.11 — Type of resources required for sustaining a WSP

Type of Resource Examples

Human (H) Dedicated WSP champions, WSP team members,
Staff trained on certain roles of WSP as part of their
job description, Volunteers such as community
members, Interested parties such as researchers and

donors
Knowledoe (K) Concents on water safety, Guidelines, Hand books,
: 5] Universiv ol Moratowa. SeiLanka |
Finance \E«m | Capital.and recyyrent budgets for both hard (tangible)
&= ahdse ot fenow e ae baced et it

‘ Hrpileteriuany uie vvor

While activities under all the 11 Modules of WSP associate with all the 4 types of
resources, some require certain resources exclusively. For example hazard mapping
involve more human, knowledge and time resources while improvements for treatment

plant requires more financial resources.

Any type of resource utilization is linked with accountability. However WSP as a
whole does not have a single institutional structure or accountability framework. Hence
the most appropriate option is to integrate WSP roles with respective stakeholders’
accountability frameworks. Even if this is achieved there remains the challenge of
mutual accountability between independent and diverse stakeholders. Observations in

this regard from Eheliyagoda WSP are presented in Figure 4.25.
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Figure 4.25 — Accountability in Eheliyagoda Water Safety Plan

need to be raised, clarified and agreed upon by stakeholders.

e Who should create the demand in stakeholders for accountability?

e Should the water supplier push other stakeholders to commit?

e Should there be mutual (lateral) accountability?

It is clear that other than the NWS&DB staff, the stakeholders have no accountability
except collaboration towards WSP commitments. Accountability is one of the key pre-

requisite for sustainability. Hence in relation to WSP in general, the following may
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4.8 Need to rationalize resource allocation for Water Safety Plans

As WHO WSP guidelines are dedicated for water suppliers, by default they are
expected to lead the process. Naturally they seem to be more comfortable on planning
and implementing WSP within their own domains, particularly when it comes to

resource allocation and accountability.

However the water supply elements outside water suppliers” domain (eg. Catchment
and Consumers) comprise of multiple domains and stakeholders with no mutual
accountability. Such vagueness adds vulnerability to resource allocation, particular
within such water supply elements. In this backdrop how the senior management of
water suppliers or other stakeholders would be confident enough to decide on where
to allocate resources and in what proportion is a challenge. If there is no rationale for

resource allocation, the WSP may not become a management priority in the long run.

WHO WSP Manual clearly identifies this as a key factor under the introduction itself.
It is said that “for successful implementation of the WSP, it is important that senior
managemené.sypport the process. This Supportis crutial to‘obtain support for changes
in working: practlces to ensure sufficient financial resources are available and to
actively promote water safety as a goal of the organization. A clear case is needed to
show that the adoption of a WSP is important and advantageous to the organization”

(Bartram et al., 2009, p. 9).
Considering the 6 extreme risks prevailing in Eheliyagoda WSS, there has been two

major project proposals under the improvement plan of the Eheliyagoda WSP as

summarized in Table 4.12.
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Table 4.12 — Proposed improvement projects under Eheliyagoda WSP

of

e Analog forestry
e Organic farming

e Fair trade

(Knowledage promotion
hands ¢
mappi

ppIr e
consolidating)’

sl

g-andv

Proposed Activity Scope Estimated Relevant Domains Stake
Cost Water Holders
(Rs.) Supply
Element
1. Improvements to 4,553,109.00 | Treatment | Water Supply | NWS&DB
water treatment plant
with (Single (Single
e Tube flocculator Domain) Stakeholder)
e Back wash pump
(Purely construction)
2. Comprehensive 19,513,000.00 | Catchment | Community Community
Catchment
Management Plan Private Sector | Rubber
based on the concepts plantation

Environment
Agriculture

Forestry

Administr

' M A tFint

Consultants

Government
Officials for
water, land,
agriculture
and admin.

(Multiple
Stakeholders)

When analysed from water supplier’s management point of view, the two proposals

would “induce impressions” as summarised in the Table 4.13.

Table 4.13 — “Induced impressions” by the proposed improvement projects

Proposed Activity | Impression | Rationale to Results Timeto | Control
Scope on Budget Justify Tangible? See over
Results | Domain
1. Improvements | Affordable Mitigate 2 Fully Short Full
to water “extreme” Control
treatment plant risks
2. Comprehensive | High Mitigate 3 Partially Long No
Catchment (4 times “extreme” Control
Management the other risks
Plan proposal)
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Generally, with limited financial resources, it is highly unlikely for the decision makers
to opt for the 2" proposal as the justification is only based on mitigating just an extra
extreme risk than the 1% proposal. The 2" proposal apparently has the key
disadvantage of a higher fund utilization over volatile results in a less reliable domain.
In contrary the 1% proposal would be felt much comfortable and confident for a

manager of NWS&DB who is accountable for his decision.

When it comes to allocation of resources for certain improvements and upgrades over
others there needs to be a clear rationale supported by evidence. Such rationale would
create demand among those who have authority. In the absence of such a rationale,
mere risk rating of WSP alone may not be sufficient to convince decision makers
especially the extent of resources requested and associated accountability are high.

Thus a rationale for resource allocation is critically needed due to the following
realistic scenarios;
[ ]
o %m& improvements_and control_measures need ¢ prioritized over
. . eir purview
e When it is necessary to convince other stakeholders to utilize their own
resources on water safety which is not a part of their mandate (leveraging)
e When it is necessary to make awareness and create demand for non-financial

commitments among stakeholders

For a rationale to be successful it needs to have the following characterises;
e Evidence based
e Practically interpreted
e Visual and convincing for a person who has no /less interest on water safety
e Showing both strengths /assets in hand and weaknesses / gaps to attend
e Supporting decision makers to defend resource allocation in case of delayed

results or failure (willingness to be accountable)
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4.9 Model for rationalizing resource allocation
When looking at safe drinking water with a holistic approach it is finally contributing
for the well-being of humans through stable and improved health. Therefore water
safety is being integrated and assessed more and more in health sector domains as
important as it is being with the water suppliers’ domains. For this reason it was
thought to test Tanahashi model for water safety planning. This model has been well
recognized for “Marginal Budgeting of Bottlenecks” in the health sector. The model
has been developed with respect to 3 fundamentals that should exist in a health system
(Tanahashi, 1978).

1. Allocating resources and organising services to serve as many people as

possible
2. Ensuring if the services reach the people they should serve

3. Ensuring if the service has been effective in meeting people’s needs

Having identified the complex relationships of supply & demand with entities such as
policy making the Tanahashi model was later expanded to accommodate all of them
(Rollins Sciéﬁgl of Public Health of EMORY ‘University, 2012). Thus the model now
consists Of: f6ur broader categories; Enabling Environment, Supply, Demand and
Quality foIIovved up with 10 standard Determinants. Critical factors considered in
selecting Tracer indicators to represent these Determinants related to Eheliyagoda
WSP are shown in the Table 4.14.

Table 4.14 — Critical factors in selecting Tracer Indicators for Eheliyagoda WSP

Category Determinants in Enhance Critical Factors Considered
Tanahashi Model in Defining Tracer Indicators
Enabling e Social Norms - Community living in
Environment e Legislation / Policy catchment
e Budget / Expenditure - Auvailable financial resources
e Governance / Partnership - Stakeholder accountability
Supply e Availability of essential commodities | -  Water quality testing
[ inputs - Stakeholders’ competency on
e Access to adequately staffed services WSP
and information
Demand e Financial access - Community living in
e Social cultural acceptability catchment
e Continue of use - Consumer participation
Quality e Quality - WHO priority on risks
- Treated water quality

84



Determinants, Tracer Indicators and intended means of verification are shown in the

Table 4.15. Analysis and rating of the Trace Indicators are in the Table 4.16.

Table 4.15 — Expanded Tanahashi Model for Eheliyagoda WSP

samples tested for pesticide and
fertilizer residues in raw water

Category Determinant Tracer Indicator Means of
Verification
Enabling Social Norms 1.1 | Proportion of community living | Socio Economic survey
Environment in catchment willing to take in catchment
part of the catchment (Table 3.9)
management plan
Legislation / 1.2 | Proportion of Catchment Chronology of policies
Policy Management Plan supported by | and legislations
existing policies (Table 3.3)
Budget / 1.3 | Proportion of allocated budget | WSP budgets
Expenditure for the improvement plan (Table 4.12)
and interviews
Governance / 1.4 | Proportion of WSP team under | WSP team information
Partnership an accountability framework (Appendix 2)
for water safety
Supply Awvailability of 2.1 | Proportion of default chemical | Monthly treated water
essential parameters as per SLS 614 with | quality data from
we | COMModities / facilities to test withip the regional lab
255, inputs region (Table 3.6)
FefACCess to 2.2 | Proportion of WSP team with Interviewing the WSP
== adequiately staffed trathing / knowledge on WHO team leader and WSP
services and WSP guidelines team information
information (Appendix 2)
Demand Financial access 3.1 | Proportion of families in Socio Economic survey
catchment with monthly in catchment
income above Rs. 20,000 (Table 3.9)
Social cultural 3.2 | Proportion of households in the
acceptability catchment practicing organic
farming
Continue of use 3.3 | Proportion of consumers WSP Document
informed and aware of the
improved water safety after
WSP improvements
Quality Quality 4.1 | Proportion of compliant WSP validation plan
samples tested for Total (not yet in place)
Coliforms and E.coli in treated | Proxy validation with
water Table 4.7 data
4.2 | Proportion of compliant WSP validation plan

(not yet in place)
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Table 4.16 — Analysis of Tracer Indicators for Eheliyagoda WSP

tested for pesticide and fertilizer
residues in raw water

are not fully in place and
proposed validation is not
possible

Categ Tracer Indicator Sample Analysis Rating
ory %
1.1 | Proportion of community living ALL - out of 85 100%
in catchment willing to take part
of the catchment management
plan
= 1.2 | Proportion of Catchment Almost all - out of Soil 90%
g Management Plan supported by Conservation, Land use,
S existing policies Environment and Protection / (10%
= Conservation of Water Sources, | margin for
G Catchments and River Basins, interpretat
= ion issues)
= 1.3 | Proportion of allocated budget for | Rs. 4 million — out of two budget 17%
@ the improvement plan estimates for Rs. 24 million
w
1.4 | Proportion of WSP team under an | 12 — out of 30 40%
accountability framework for
water safety
2.1 | Proportion of default chemical 10 —out of 16 63%
parameters as per SLS 614 with
% facilities to test within the region
u%) 2.2 | Proportion of WSP team with 15 — out of 30 total members 50%
| training / knowledge on WHO
sl WSP guidalires
Bi&_PPoportibg ot famihics ih 28 outafigh 33%
Fsagatchment withymonthly income
=Fabove Rs’ 20000
- 3.2 | Proportion of households in the 20 —out of 85 24%
@ catchment practicing organic
§ farming
3.3 | Proportion of consumers No One — Since consumers have 0%
informed and aware of the not been part of the WSP
improved water safety after WSP
improvements
4.1 | Proportion of compliant samples | All — from January to October, 100%
tested for Coliforms and E.coli in | 2014
> treated water
g 4.2 | Proportion of compliant samples | NONE — Since improvements 0%

Figure 4.26 presents the bottleneck analysis with rated Tracer Indicators.

86




Fig. 4.26 - Bottleneck analysis of Eheliyagoda WSP
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Bottleneck Tracer Indicator Colour
Type Rating (%0) Code
Severe 0-40% |G
Moderate 41 -80 %
No Bottleneck 81— 100%

Critical interpretations on the Figure 4.26 bottleneck analysis
a) Severe bottleneck in Quality category (with zero rating on chemical aspects) means
that the intended service to the public (water safety) is yet to be achieved regardless
of relatively less bottlenecks in Enabling Environment and Supply. However since
there is no bottleneck on microbial aspects the existing bottleneck and related risk

are concealed compromising its deserved attention on resources.
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b)

d)

Severe bottlenecks in the Demand category seriously compromises the
sustainability of implementing the WSP. This may discourage decision makers in
utilizing resources on other categories. It is also possible that inhabitants’ high

willingness under indicator 1.1 may conceal the Demand bottlenecks.

Supply category remains relatively moderate in terms of bottlenecks. Also the

associated bottlenecks can be immediately addressed with existing resources.

Interestingly there is a substantial diversity of bottlenecks in the Enabling
Environment. While social norms and policy level remain much favourable for the
WSP the budget allocation and accountability would seriously compromise its
progress. However the budget needs a serious review to understand if it is targeting
the right bottlenecks particularly in the Demand and Quality categories. The issue
on mutual accountability between stakeholders is a serious constraint since as of
now the WSP is almost driven by the water supplier (NWS&DB).

While | J;;ea,}“u explicitly’ show the  dyhamics at the Tracer cator level, it is
worth seenthe sa the higher level of. | ! he Table 4.17.
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Table 4.17 — Analysis of Categories interms of Determinants

Cate Determinant Determinant Category Remarks
gory Analysis Analysis
Tr. Ind. | Sever | Avg. Avg.
Ind. | Rating ity Rating | Severi
No. (%) (%) ty
Social Norms 1.1 100% Enabling
environment has
- moderate
= .
g Legislation / Policy 1.2 90% SS%\::ei:It%c\Jﬂrlzweern d
c
o existing policies
= 62% are much
w Budget / Expenditure 1.3 17% favorable.
g Resources are
%% needed on
0D Governance / 14 40% gggg?;;gge /
Partnership Partnership
related to WSP.
Availability of 2.1 63% Supply category
essential commaodities is moderately
% [ inputs severe where
U%) Access to adequately 2.2 50% 7% Egt;gagfecstzgan
staffed services and -
infof‘”ath)n with current
P resources
Finﬁ%{ﬂ accdss BLC 33% s ns Severe
bottlenecks
indicate that
B Sociai and cuiturai 3.2 24% CDem.an(,i, both
< acceptancy Creation at bot
= 19% inhabitants and
@) consumer levels
Continue of use 3.3 0% is of utmost
importance to
sustain WSP
Quality 4.1 100% Though the
bottleneck is
2 moderate it
© 50% needs immediate
8' 4.2 0% attention for the

sake of public
health
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4.10 Rationalized resource allocation for Eheliyagoda WSP

Analysis on semi quantitative risk matrix, quantification of hazards and Tanahashi

model for bottleneck analysis clearly show that there needs to be “consistency” in

allocating resources with respect to the basic objectives of the WSP. Separate

outcomes from these analysis need to be aligned rationally so that the decision makers

could be convinced with justifications on where to prioritize.

Building the rationale

a)

b)

d)

High ratings on the bottlenecks pertaining to social norms and policies make the
enabling environment “look fine” from the top of the spectrum. Yet it is clear that

budget allocation and accountability are key issues that compromises this category.

The budget deficit captured in the analysis may not be the extract constrain but
whether the budget was estimated on optimum interventions is the key concern.

Analysis on other categories provide clues on where the optimum priorities could

be v
Lack of ?IU- recotmtability betweerm differentstalkeholder: in the WSP team
itse ~FFEA LY T ALl LAIR L. Ll g LB Jndel’ their own

systems. Stakeholders by default focus on their core business thus consistent
resource allocation on water safety other than their business needs a lot of
commitment and ownership. Much resources (time, knowledge an human) may
have to be initially invested to create the demand to commit and own a slot. Also
the current stakeholder roles can be easily upgraded to accountable interventions.
As an example an agricultural officer incorporating water pollution on his/her

regular duties on agrochemical/ fertilizer use will be much effective.

Supply category is moderately bottlenecked yet seems to be recoverable by sharing
available resources rather than new fund allocations. As an example the water
quality parameters, not possible to be tested in the region, may be verified from a
closer facility through mere coordination. Similarly the whole WSP team can be

oriented on the basics of water safety through participatory orientations.
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e) Severe bottlenecks in the Demand category indicates inhabitant’s economical
limits and realistic engagement in catchment management with organic farming as
of now. Less income may influence any environmental friendly alternative unless
it gives them at least the same income. Not counting the consumers is the most
severe bottleneck in the WSP. It has seriously compromised most critical end user
demand for safe water. As a whole the WSP seriously needs a comprehensive
community mobilization plan to create demand for both catchment management
and safe water. The budget referred in the enabling environment did not have any

demand creation activity.

f) Even with the identified extreme microbial risks on raw water, the treated water
has so far been free of microbial contaminants. Yet in the absence of proposed
improvements the extreme risk of pesticide and fertilizer residues in treated water
is totally relevant. Regardless of the residues’ concentration, the visual observation

of them entering into the stream consistently is alarming from water safety point

of v and fertiliser in

the ,g@e ves ernough-evidenice to justify immediate*resource allocation on
;}34

this extrense’| Resouyce allocation.in th be of ptions.

I.  Investing more resources on current budget proposals under enabling
environment (catchment management) that eventually assures raw water

quality improvement.

Il. If above investment under option 1 not affordable or time consuming,
consumers should be immediately advised to use household ceramic filters
(for Turbidity) and household activated carbon filters (for chemical
contaminants) until the water supply system itself is improved. This could
be followed by boiling for added protection against possible infiltration of
pathogens due to existing risks and limitations. This option needs more
human and time resources to mobilise consumers with knowledge and

creating their demand to invest.
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The above rationalized resource allocation approach for Eheliyagoda Water Safety
Plan can be illustrated as shown in Figure 4.27. Priority should be on raising the Tracer

Indicators under Quality closer to 100% as the result of combined resources.

Figure 4.27 - Rationalized resource allocation for Eheliyagoda WSP
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Table 4.18 — Rationalized resources matrix for Eheliyagoda WSP

Rationalized Resource Allocation
g* = § (H -Human, K — Knowledge, F -Financial, T -Time)
]
3 § % Reso Proposed Intervention Dedicated Resource
S F < | urce Types Involved
H K F T
4.2 R1 | Option 1 — Comprehensive catchment X X X X
management to mitigate pesticide /
fertilizer residues in raw water (already in
the current improvement plan yet long-
term to get impact, complicated and
2 expensive)
g Option 2 — Consumer awareness thus X X No X
o creating social demand for house hold extra
water treatment to counter Turbidity, (but
chemical residues and pathogens the
(Recommended — immediate impact, less staff
time, less complicated and affordable) cost)
3.3 R2 Consumer awareness on “water safety” X X No X
thus creating social demand for “safe” extra
g drinking water cost
5 3.2 R3 Dedicated promotion only focusing X X No X
o “organic farming” among catchment extra
inhabitants and rubber plantation owners cost
2%",5 R4 [ Hands orrorientation-arfd repedted X X No X
= refiesherson [ watecsa ety it Imewater extra
- sector stakeholders insthe WSP team
—% 217 RS Scheduting consistent periodic tests of No | No No No
= raw water and treated water for extra | extra | extra | extra
agrochemical and fertilizer residues by cost | cost | cost | cost
liaising with other laboratories with
capacity
14 R6 Establishing multi stakeholder X X No X
mechanism on water safety going beyond extra
coordination and collaboration thus cost
= defining clear accountabilities,
2 commitments as well as resource
S allocation by concerned stakeholders
= other than the water supplier
0 1.3 R7 | Option 1 — Raising and allocating funds No | No X | No
= for current WSP improvement plan on extra | extra extra
= catchment management and treatment cost | cost cost
] plant improvement
Option 2 — Re budgeting and costing the No | No No No
proposed interventions in this matrix from | extra | extra | extra | extra
bottleneck point of view (Recommended) | cost | cost | cost | cost

Note:- Trace Indicator 3.1 is associated with poverty reduction thus it is not logical to

recommend interventions under the WSP. Yet its impacts on WSP is a concern.
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5. CONCLUSIONS AND RECOMMENDATIONS

This chapter wraps up the whole research output under the following sub categories
e Conclusions
o Specific to Eheliyagoda Water Safety Plan
o Common to WHO Water Safety Plan Manual for drinking water
suppliers
e Recommendations
o Specific to Eheliyagoda Water Safety Plan
o Common to WHO Water Safety Plan Manual for drinking water

suppliers

Furthermore Table 5.1 maps the conclusions and recommendations derived in this
chapter against Research Objectives.

Table 5.1 — Conglusions and recommendations against research objectives

Aim: Q@h\/lng anqevidence: basefl rationale far: decision:makers to further prioritize
rated ‘48 r;sif'and optimize resource allocation during implementation of Water Safety
Plans i/ e back drop of scatteret muitiple stakeholders across multiple domains with
no mutual accountability and line of hierarchy
Relevant Relevant
Specific Objectives of the Research Conclusions | Recommen
-dations
1 | To critically analyse a sample Water Safety Plan From 5.3.1
(WSP) of the NWS&DB with respect to the WHO 51.1 534
fundamentals and the ground realities of Sri to
Lanka — (Eheliyagoda WSP) 519
2 | To generate a rationale to prioritize resource From 5.3.2
allocation with the context based evidence other Chapter 4 5.3.3
than standard risk priority criteria especially in the 4.6,4.7
backdrop of limited resources and varying 48,49
stakeholder demand & understanding
3 | Tointerpret the developed rationale as an From 54.4
advocacy tool for the decision makers at policy, Chapter 4
planning and operational levels 4.10
4 | To interpret the developed rationale as a possible 521,522 | 541, 542
enhancement to WHO guidelines on WSPs 523, 524 | 543, 544
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5.1 CONCLUSIONS - Specific to Eheliyagoda WSP
1. Catchment and treatment are most vulnerable to hazardous events respectively.
2. Most critical hazard types are chemical and microbial respectively.

3. Existing partial treatment system has been able to fully mitigate the extreme

risk due to microbial contamination of raw water.

4. Non availability of tested evidences on fertilizer residues and agro chemicals
critically compromises the validity of WSP risk ratings and proposed

improvements.

5. The most critical water quality issue is the daily Turbidity fluctuation of treated

water with elevated values much beyond the permissible levels.

6. Monthly tested Turbigity valuad domrotinefleciithé.aritical fluctuation of daily

TugBglity and-associatédimitatibrs‘of the tréatmentprocess.

7. Apparent cause of critical Turbidity fluctuation in treated water is the
catchment soil erosion during rain that suppresses the filter capacity.

8. Frequent high turbidity of treated water is a critical indicator of the risk of
glyphosate and fertilizer residuals adsorbed to soil particles reaching

consumers undetected due to limitations in testing.

9. Not incorporating “consumers” is a major and critical gap in Eheliyagoda WSP
and it compromises the basic WSP principle of managing risks from catchment

to consumer.
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5.2 CONCLUSIONS - Specific to WHO WSP Manual

1. Semi quantitative risk matrix is good as a trigger yet is not strong enough to
convince decision makers and stakeholders particularly on allocating resources

when there is no mandated commitment on water safety.

2. Resources for WSP implementation are not limited to financial resources.
Human, knowledge and time resources play a crucial and equal role. Achieving

WSP improvements can be a combination of several such resources.

3. Current WSP guidelines are centred on water supplier as the convener and
coordinator. There is less clarity on making other stakeholders accountable.
This poses a risk on sustainability of the WSP.

4. When bottlenecks on resource allocation and accountability are not counted in

\V. V)l » XTI P DR B DR T o | . . ad Coa 9

€3
Y

5.3 REEGR [DATFONS-Li8pedifictt

1. Consumer element must be incorporated in the WSP ensuring “end user water
safety at the point of use”. Thus in case risk management in other three
elements is delayed, the improvement plan should immediately be revised with
consumer awareness on associated risks and alterative household treatment
options such as ceramic filters (for Turbidity) and charcoal filters (for agro

chemicals).

2. Before allocating resources there needs to be further comparison between the
proposals on Catchment management and Treatment plant improvement. It
should be based on quantified evidence on soil erosion, agro chemical
pollution, plant operational cost, polluters’ willingness to commit and

consumer health burden.
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3. Universal Soil Loss Equation (USLE) can be comfortably used to model the
extent of soil erosion in the catchment. It can be further improved to incorporate
agro chemical adsorption to soil particles being eroded. Such model would be
amuch tangible and influential evidence to persuade stakeholders and decision

makers beyond semi quantitative risk matrix.

4. Water quality testing capacity needs to be urgently improved to test fertilizer
residues in both raw and treated water. Furthermore a mechanism needs to be
in place to test agro chemical residues for the same. Such evidence would be

essential on convincing major changes such as organic farming.

5.4 RECOMENDATONS - Specific to WHO WSP Manual

1. Risk sequence that ranks chemical aspects as the 2" priority does not capture
[P e FRRVEESURIL LRI § S P T R T N 2V L Y I a-paaa- A O PR PR Y Thus there needs
a4, criterialtovinterpretclmdiative or accumulatetkisealth risk over a time

Y
ai Xp( 10 ' ehemical nottantd

2. In most contexts, the catchments are highly populated and with complicated
human and pollution interactions that are far beyond the water suppliers’
purview and capacity to deal with. Hence it is recommended that the catchment
element to be separated from the water supply system and develop a
comprehensive environmental pollution control Module for both catchments
and river basins under the mandate of a suitable authority other than water
suppliers. This would resolve some of the current grey areas related to mutual
accountability as well as will open the door for detailed and customized

planning for unique and exceptional dynamics.
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3. Itis recommended to add a Module on “demand creation and communication
on safe water” consisting tools and guidance on the following;
a. Creating social demand for safe water among consumers
b. Creating social commitment for water safety among those who don’t
benefit from a given water system (eg. dwellers in the catchment).
c. Dissemination of key messages to difference audiences (eg. graphical

presentations for decision makers, lllustrations for consumers)

4. “Improvement and upgrade plan” currently based on the “risk re-assessment”
alone is recommended to have the following upgrades;
a. Tools for quantification of risks associated with hazard types (eg.
modelling or estimations)
b. Separate Module on resource allocation based on analysis of
bottlenecks (eg. Tanahashi model) across the WSP

c. Guidance for mapping resource allocation and accountability

A

=5
5.5 SWE&PAnalysis of the rese

This research was a descriptive and interpretative case study on the Water Safety
Plan of a given Water Supply System implemented at sub national level while
engaging at national / policy level that facilitates the enabling environment to
sustain such initiative. This nature of the research makes it ideal for a SWOT
(Strengths, Weaknesses, Opportunities and Threats) analysis.

The Strengths, Weaknesses (Limitations), Opportunities and Threats associated

with this research are presented in the SWOT analysis in Figure 5.1.
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STRENGTHS

Aim and objectives were derived from
actual work related scenarios

Both policy and implementation levels
were associated

Both quantitative and qualitative
information was incorporated

Diverse stakeholders and domains
were associated

Eheliyagoda WSP has a range of
components, dynamics and
complexities in a manageable scale so
that its findings can be up scaled to a
larger scale

WEAKNESSES

WSP implementation was still at its
early stages thus data was not sufficient
for advanced analysis

Institutional memory and records of the
WSP was scattered and less consistent

Other than the interviews and
observations, the study was largely
based on the routine operational data of
the water supplier

The research findings are more of
conceptual nature so it may not be
immediately available for improving
the current WSP approach of the
NWS&DB

OPPORTUNITIES

Tl conv a

th J‘g%u hatictapped intoe
implégaentationfphaset ithe finditgs
can ade¥afue to future WSPs. as,well
as P L ¥ Xgill
constraints

WHO is involved in capacity building
of the NWS&DB hence research
findings can be shared with them on
real time basis

Knowledge, tools and perceptions
outside NWS&DB were used in the
research from which NWS&DB can be
benefitted

NWS&DB has plans to expand WSPs
to community based rural water
schemes. The scope and magnitude of
Eheliyagoda WSP would well match
with this objective

THREATS

C 1e research was
Somewhat-valneral ) lose its focus
sarch findings
ect areas hence
at once it may not be clear where it
would be most useful and applicable

Figure 5.1 — SWOT Analysis on the research
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APPENDICES

Appendix 1 - Eheliyagoda WSP Module 4 on Risk Re-Assessment

3 o o3| S % -
S > I o 2| = -~ c
2 2| o 2 o Existing | 28| 338 o o S
Pg:cess Hazardous event H_?zard >| g 8 Dé = Control | > 8 *E‘ g 3 S = 33
P ype £18]° T Measures | £ &5 ¢ § o =
= . EER : >
Microbiological contamination of raw Microbio E.coli in Raw water at
ggﬁrtgﬂeettg iItiachate aC(ingg}?:Ig:tlon l8gital 3 5 25| iy Extréemey 1 Ne Control 5 5 25 Extreme three locations
Microbiological and chemmf Microbio E.coli in Raw water
contamination of raw watef, Tide to IRAEE] 5 2 10 High No Control 5 2 10 High downstream to bathing
washing and bathing at river= 9 place
. - . logical/ 5 2 10 High No Control | 2 5 10 High Raw Water both up and
Source 1- solid waste discharges to the river from :
Chemical down stream
Stream houses
(Catchment) | Microbiological and chemical Microbio Ecoli,pH, BOD & COD
contamination of raw water due to loai . . in Raw Water both up
. . ogical / 5 2 10 High No Control | 5 2 10 High
leachate from solid waste dumping at Chemical and down stream to
nursery site dumping site
Microbiological and chemical icrobi Waste
contamination of raw water due to Microbio Water . .
: - logical./ 5 5 25 | Extreme 1 5 5 Low Visual observation
direct discharges of waste water from . Treatment
. Chemical
latex processing factory Plant
Microbiological and chemical Mi(_:robio Inspection Ecoli,pH, BOD & COD
L . logical/ 5 4 20 | Extreme 2 4 8 Moderate | . R
contamination of raw water due leaking Chemical by wiw in Raw Water
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and overflowing of latex factory waste plant downstream to
water treatment plant operator discharge point
Microbiological and chemical
contamination of raw water due to Microbio
accumulation of effluent from line logical./ Corrective Ver
blocking and chamber overflowing of Chemical 25 | Extreme | maintenan 15 Hi K Visual Inspection
treated effluent transmission line from | and ce g
latex processing factory waste water Physical
treatment plant
Chemical contamination of Raw water ?é'sst?:l %tge[;v?:tgg anE'
due to accumulation of latex from latex | Chemical 20 Extreme | No Control 20 Extreme of oﬁutant ét P
collection center in catchment P . .
accumulation point
Chemical contaminationfgiRayw water Pesticide residue
due to accumulation af Agre ghermical [ Chemical 20~ A cEXtkeme] Ty Ne Sontral 20 Extreme | analysis of raw water for
residues from Eheliyagoda Estate tolerance limits
Chemical contamination: @i Raw water . .
. L . ) Pesticide residue
due to accumulation of Agre€hemical ; Very ) Very -
i Chemical 15 . No Control 15 ; analysis of raw water for
residues from Home gardens, Tea High High .
A : tolerance limits
plantations and Paddy fields
Chemical contamination of Raw water Fertilizer residues
due to accumulation of fertilizer Chemical 20 | Extreme | No Control 20 Extreme | analysis of raw water for
residues from Eheliyagoda Estate tolerance limits
Chemical contamination of Raw water - .
. - . fertilizer residues
due to accumulation of fertilizer Chemical Very Very .
: 15 . No Control 15 ; analysis of raw water for
residues from Home gardens, Tea High High .
A . tolerance limits
plantation and paddy fields
High turbidity in river water after rain Phy. / 25 Extreme | No Control 20 Extreme Turbidity meaSL_Jrement
event due to soil erosion Chem. of raw water at intake
Microbiological and chemical
contamination of raw water due to Phy. / . . . .
accumulation of effluent from Chem. 10 High 10 High Visual observation
damaging of open space waste water No Control

106




effluent transferring line from latex
processing factory waste water
treatment plant

Less water in dry seasons gﬁg.r/nical 10 High No Control 10 High River flow measurement
Waster accumulation to the war water :\(;h(i:(r:ZIbm Ver Fencing
from recreational activities at just /g 20 Hi K and police 9 Medium | Visual inspection
upstream to the intake ' . 9 patrols
Chemical
Microbiological and chemical :\g'(i:gglblo
contamination of raw water due to un / g 10 High No Control 10 High Visual inspection
locking of intake chamber,cover .
5= Ghemical
Microbiological and chemiigals, .
contamination of raw inater dée’o M'?mb'o [ . . . .
vehicles movements i catehmient road Ioglca_I/ 16 High NG, Edniral 10 High Visual inspection
. Al Chemical
close to the river
Bad odor and taste in well Water due to | Phy. / ) Aerfa’tlon 0 Visual observation and
A 25 Extreme iron 6 Moderate | chemical analysis for
high iron content Chem. ) i
reduction Iron
Source 2 Accumulation of Agro chemical Ver Ver Pesticide residue
residues to the well water from paddy | Chem. 15 ey No Control 15 ey analysis of raw water for
Well . high high -
field tolerance limits
. . . fertilizer residues
Accumulation of fertilizes regdues 0 Chem. 15 Very No Control 15 Very analysis of raw water for
the well water from paddy field high high .
tolerance limits
Water Contamination of treated water through | Microbio Locking . .
Treatment ; 25 | Extreme L 5 low Visual observation
poor seal of man hole cover logical facility
Plant for
Stream Bac/
Water !—||gh_ tl_erldl_ty in filtered water due to Che./ 25 | Extreme | No Control 25 Extreme Vlsgal_ observation and
inefficient filtration ohysical turbidity measurement

107




Microbiological Contamination of

filtered water due to back washing the M|(_:rob|o 25 | Extreme | No Control 25 Extreme Mlcroblologlcal analysis
. . logical of filtered water
filters with raw water
Microbiological Contamination of . . . . . .
treated water due to no post M'(.:mblo 16 V_ery No Control 16 V}ary Microbiological analysis
o . logical high high of treated water
chlorination in power failures
Microbio
High turpldlty ef?‘e””g to the filter due Ioglc_aI/ 15 V_ery No Control 15 V}ary Turbidity measurement
to no sedimentation facility physical/ high high
: Chemical
Chemical contamination of freated . .
water due to accumulatigites factory : Very Very Visual observation and
3 e Chemical 15 P No Control 15 . testing BOD,COD
waste water at the leakage of Wiaste high high .
. Y downstream to the point
water line e it
High turbidity in treated watar due to |/ MitTobio Test turbidity in plant
gh turbidity logical / 25 | Extreme | No Control 25 Extreme yinp
no filtration . outlet
Chemical
Water Microbio
Treatment High color in tr_eated water due to high Ioglca_l / 15 V_ery No Control 15 V}ery Test tt_erldlty ,iron and
Iron concentration Chemical high high color in plant outlet
Plant for
Well Water Microbiological contamination in
treated water due to in efficient M'(.:mblo 20 Very No Control 20 Very Mlcroblologlcal analysis
. S logical High High of final water
bleaching powder chlorination
Microbiological contamination in
treated water due to due to week Microbio Very No Control Very Microbiological analysis
. : ; 20 . 20 ; .
covering system of man holes in logical High High of final water

treated water tank
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Distribution
system

Microbiological contamination in

Turbidity and

distribution system due to pipe line M'(.:mb'o 20 Vgry No Control 20 Vgry microbiological testing
logical High High R
burst in distribution system
Microbiological contamination in Microbio Ver Ver Turbidity and
distribution system due to lack of ; 20 ey No Control 20 Ty microbiological testing
; - logical High High R
system drainage facility in distribution system
High level of turbidity in distribution M'(.:mb'o Turbidity and
. logical / Very Very Lo .
water due to accumulation of ; 15 . No Control 15 . microbiological testing
: Chemical high high RN
suspended solids in distribution system
Microbiological and chemical Microbio -
S X Turbidity and
contamination in distribution water due | logical / - . . .
X 6 | Moderate | No Control 6 Moderate | microbiological testing
to back flow of customers md|V|duaI Chemical PR
in distribution system
systems
Microbiological and chemigal Microbio Turbidity and
contamination in dlstrlbu on I_'ater due Hi lpgicalit 16 \fety W EQTE 16 Very microbiglo ical testin
to intrusions of outside W@, Hough Chemical high high g g

leakages in negative pressuezones

in distribution system
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Appendix 2 - Composition of Eheliyagoda Water Safety Plan team

Members of Water Supplier — National Water Supply and Drainage Board

No Desianation Role in Individual Responsibilities with
g WSP in WSP Team
Assistant General 1. Co-ordination works with outsiders and
Team within the team members regarding WSP
1 | Manager . L
(Ratnapura) Coordinator activities
2. Funding activities
Projector Director Team 1. De3|gn|r_1g of WTP Impro_vement
2 2. Monitoring Implementation works of
(GRWSP) Member
WTP Improvement
1. Hazard Identification
Manager Team - . .
3 2. Implementation of corrective action
(Ratnapura) Leader .
3. Implementation of Improvement Plan
4 Chief Engineer Team 1. Designing guidance to WTP
(P&D) Member improvement plan
. . 1. Hazard Identification
5 Chief Engineer Team 2. Engineering guidance for WSP
(P&C) Member B L
3. Preparation of improvement plan
6 Chief:éngineer Feam 1L IHazZard1dentification
(M&ﬁj%‘ Méembet 2 & Arepacatian of SOP
1. Preparation of water Safety plan
2. Water and environmental quality
management and overall monitoring
7 Senior Chemist Team 3. Hazard identification
(Kegalle) Member 4. Risk analysis and prioritization of risk
5. Preparation of improvement plan
6. Monitoring and Implementation guidance
for WSP
8 District Engineer Team 1. Hazard Identification
(Ratnapura) Member 2. Monitoring implementation of WSP
1. Hazard Identification
9 Regional Chemist Team 2. Water quality monitoring
(Ratnapura) Member 3. Water sampling and analysis
4. Water Quality Surveillance
Sociolodist Team 1. Social activities
10 g 2. Meeting arrangements and preparation of
(Sabaragamuwa) Member . .
meeting minutes
1. Supervision of Scheme operations
11 ?Elrieli agoda WSS) -I\r/le;nTber 2. Implementation of WSP
yag 3. Coordination of all WSP activities
1. Treatment Plant Operation
Plant Operator Team . .
12 (Eheliyagoda WSS) | Member g Onsite WQ Analysis

Record Keeping and maintaining
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Members form other Stakeholder Domains

. . Role of Individual Responsibilities in WSP
No Designation WSP Team
1. Hazard Identification of catchment
Nayake Thero 2. coordination of improvement plan
1 (Chief Priest) , Team implementation of catchment
EheliyagodaWatta Member management
Temple 3. Monitoring implementation of
improvement plan to the catchment
1. Coordination and cooperation among
L Team Leader o
District Secretary - other organization
2 for .
Ratnapura 2. Guidance among stakeholders for
Stakeholders . .
Implementation of improvement plan
1. Coordination and cooperation among
3 Divisional Secretory - | Team other organization
Eheliyagoda Member 2. Guidance among stakeholders for
Implementation of improvement plan
Head of Water,
Sanitation Y Hygiene | Team oo .
4 Division, UNICEF Member 1. Monitoring of Implementation Works
Sri Lanka
Medigal Offide/of Team 1. Monitoring o_f health Issues
5 HeallME heliyagoda) | Member 2. Vimplementation of preventive
%ﬁ? ¥ meastres tochealth issues
Hea@ Garters T dati 1. Control illegal interventions and
6 | Inspector of Police - ) violation of WSP activity from the
: Member
Eheliyagoda people
Environmental
7 Officer — DS Office, | Team 2. Implementation of improvement plan
Eheliyagoda Member ' P P P
Assistant Land Use 1. Mapplng_ and Demarcating of
. . Team Reservations
8 | Planning Officer - .
) Member 2. Implementation of Land use measures
Eheliyagoda .
to the reservation
Grama Niladharini 1. Monlt_orlng and evaluatlon_ of _
; . Team pollution & env. Degradation in
9 | (Village Officer)
1 Member catchment.
(EhiliyagodaWatta) .
2. Implement corrective measures
. 1. Monitoring and evaluation of
Economic . .
. Team pollution & env. Degradation in
10 | Development Officer,
. Member catchment.
EheliyagodaWatta .
2. Implement corrective measures
Agriculture Research 1. Monitoring and evaluation of
and Production Team pollution & env. Degradation in
11 .
Assistant — Member catchment.
EeliyagodaWatta 2. Implement corrective measures
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Assistant

Coordination and cooperation with the

Superintended Team .
12 (Eheliyagoda Member IIEhellyagoda_estate. _
. mplementation corrective measures
Plantations)
Public Health Team Monitoring of health issues
13 | Inspector - Member Promotion of hygiene
Eheliyagoda
Actively participation for
14 Member from Village | Team implementation
Community Member Monitoring violation of CMP
activities
Actively participation for
15 Member from Village | Team implementation
Community Member Monitoring violation of CMP
activities
Actively participation for
16 Member from Village | Team implementation
Community Member Monitoring violation of CMP
activities
Actively participation for
17 | Member from Village | Team implementation
Community Member Monitoring violation of CMP
activities
Actively participation for
18 Member from Village | Team implementation
Member: Monitaring.. viplation of CMP

Comjaunity

activities
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Appendix 3 — Drinking Water Quality Standards of NWS&DB
(Derived from Sri Lanka Standards for Potable Water - SLS 614:2013)

Microbiological Substances

Parameter Maximum Limit (colonies /100 ml)
E.coli 0
Total coliforms 0

Toxic Substances

Parameter Maximum Limit (mg/l)

Arsenic 0.01

Cadmium 0.003
Chromium 0.05

Cyanide 0.05

Lead 0.01

Zinc 3

Manganese 0.1

Copper 1

Chemical Substances

Parameter Maximum Limit (mg /l)
Aluminium as (Al) 0.2
Chlarida (ac CI 28N
T o “A“ l-:z..\:s Ammonia as NHx)
gfé AlbpotinoidiAminopiA
e Oxygen Remand(COD)
INILLILC \(AQI\I} v
Fluoride (as F) 1
Total Phosphates (as PO,) 2
Total Dissolved Solids 500
Total Hardness (as CaCOs) 250
Calcium Hardness (as Ca) 100
Magnesium Hardness (as Mg) 150
Total Iron (as Fe) 0.3
Sulphate (as SO4) 250
Free Residual Chloride 1
Oil and Grease 0.2

Physical Substances

Parameter Maximum Limit
Colour 15 (Hazen unit)
Odour Un objectionable
Taste Un objectionable
Turbidity 2 (N.T.U)
pH at 25°C £ 2°C 6.5-85
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