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EXECUTIVE SUMMARY
Introduction
Chronic Kidney Disease with Unknown Etiology (CKDu) is a major health problem in Sri
Lanka; According to the World Health Organization (WHO), more than 15 % of the
population aged 15-70 years in the North Central provinces are affected with CKDu and is
now also prevalent in the North western, Eastern, Southern and Central provinces.
CKDu is often attributed to exposure to different toxins (through drinking water, food and
other pathways) and a number of aggravating environmental and social aspects such as
profession (most patients are farmers, dehydration, genetic aspects, humidity/temperature,
and handling of chemicals.
An official request for support from the DRR-Team (Dutch Risk Reduction) was sent by the
National Government of Sri Lanka to the Dutch Government on the 3rd of November, 2015.
The government of Sri Lanka has requested for evaluation and recommendation on the
current water provision in the endemic areas.
This report contains the finding of a scoping mission of the DRR -Team of 4 experts to Sri
Lanka, focusing on identification of a possible link between CKDu with existing drinking
water supply schemes.

Approach
The Team’s approach was to study all relevant scientific articles and documentation, to visit
the districts of Anuradhapura and Polonnaruwa, and to take water samples of 21 different
locations during the field visit. These samples have been analyzed in the UNESCO-IHE lab
in the Netherlands (Annex 1). During the field visit the Team has interviewed approximately
10 farmer families with CKDu, spoke with doctors of the Renal Care Centre of Anuradhapura
met with several NWSDB officials, and had discussions with scientists (with different
opinions).
There are several hypotheses that link the causality of CKDu to certain water quality, health
and social parameters. The team has reviewed all the water-related hypothesis and could
assess the accuracy of most of them using our observations and sample results.
An action plan has been formulated that would lead –in steps- to a safe water management
on a short/Long term, also considering the response of the government to procure several
hundreds of small RO (Reverse Osmosis) plants.

Observations and main conclusions
The focus of this DRR mission was on risk factors related to drinking water. The following
was observed;
1

We found no convincing consistent statistical evidence that links the
available data on Drinking Water Quality with CKDu. The data reported in
existing publications and the data sampled by this mission show no statistically
relevant exceedance of any of the WHO drinking water standards. This applies
to heavy metals, hardness, Fluoride and the list of water quality components
presented in Annex 2
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2

Data gaps: The occurrence of pesticides in water is a relatively unknown factor
as hardly any data is available, and we also didn’t test this. It should be
remarked that most -if not all- farmers spray the pesticides on the field without
any form of personal protection. The exposure of farmers to pesticides during
the spraying is much larger than the exposure caused by trace amounts of
pesticides in drinking water. Not all farmers spray themselves as some villages
have dedicated people for spraying.

3

Individual rural wells often produce water with a bad taste (caused by e.g. iron).
This is not a health risk. The farmers perceive this water as “unhealthy” and will
drink less than recommended during their long days on the field. Farmers will
need a daily water intake of at least 2-3 liters during hard labor on the field,
especially during the dry season. This minimum water intake is not reached,
leading to dehydration. It is confirmed by the NWSDB that most cases of new
acute kidney diseases occur in this period.

4

Insufficient drinking water intake is likely influenced by (a) the lack of
knowledge on higher required daily drinking water intake due to warm conditions
and intensive field activities, (b) poor organoleptic drinking water quality,
including taste, odor, temperature, and (c) general unhygienic appearance of
individual shallow dug wells.

5

In most villages, including the areas affected by CKDu, good quality water can
be found. This water is suitable for drinking, possibly after a simple conventional
water treatment. This requires better accessibility of existing data, additional
water quality monitoring, and knowledge on factors controlling groundwater
quality, and water treatment technologies. Additional monitoring on possible
presence of pesticides in drinking water is strongly recommended.

6

The beneficial effect on the occurrence of CKDu of the introduction of RO
systems in the disaster area (since 2014) cannot be assessed yet. It will
probably take 7-10 years before any statistical significant trend can be identified.

7

Nevertheless, there are some preliminary conclusions based on the available but
rather limited water quality data.
We think that the possible beneficial effects of RO units are most likely not
based on removal of hardness or (heavy) metals that are often linked with CKDu
in the literature (see point 1). We argue that availability of RO treated water will
expectedly result in a higher drinking water intake, given the better appearance
of RO permeate in comparison to water from individual shallow dug wells. This
higher water intake (see point 3) will have a positive effect.
In addition, possible beneficial effect of RO treatment through removal of micropollutants (e.g. pesticides) cannot be excluded, given the removal potential of
this treatment, and the absence of data on possible presence of micro-pollutants
in raw water.
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8

RO permeate is practically free from minerals, and such could, on longer term,
lead to calcium and magnesium deficiency with associated adverse effects on
consumers’ health.

9

RO systems use some chemicals for their operation, such as antiscalant and
membrane cleaner. These chemicals, with a concentration of 2-10 ppm, are
considered toxic and infectious by the Canadian MSDS. Cleaning of membranes
is done regularly and involves flushing and chemical handling. A proper solution
for this polluted wastewater has to be identified.

10

Finally, we find that substantial improvements can be made to the performance
of existing water supply schemes; both large schemes run by the NWSDB and
community and household wells.

Recommendations
The following actions have been recommended:
Action
Component 1: Immediate
actions

Description

Duration

Promote higher water intake

Public awareness campaign and highlight the role
of dehydration

Continuous

provide people in CKDu area
with good quality drinking water

Provide water that meets WHO standards and SL
standards. This is not necessarily RO water.
Water can be distributed by tankers and stored in
reservoirs in the villages.
Upgrade existing RO plants to allow
remineralization of RO permeate
Conduct inspection of labs including quality
assessment of labs by sharing samples (1) to
determine reliability of existing measurements (2)
to recommend improvements

3 years

Set up a centralized database structure with (1)
information on water quality and (2) assessment
of suitability for drinking water
Component 2: Additional
studies
Establish Test area (eg
Medawachchiya, 5x8 km2) with
high level of CKDu prevalence

Establish a test area with comprehensive
research in that area:
1) water quality in all wells, monitoring of
pesticides, social behaviour, geohydrological mapping, test full range of
heavy metals, health screening, test for
micro-pollutants, monitor water intake
2)
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Perform a screening of water quality
parameters that are currently not

vi

1 year

Action

Description
measured such as pesticides, THM and
organics
3)

Component 3: Detailed
assessment of Small and
Urban Water Supply Schemes
& formulation of improvement
programme
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Perform a hydrogeological systems
analysis based on all existing water
quality data
o

Link water quality with geology
& land use

o

Develop risk profiles for
different type of wells/ intake
(as basis for future selection of
water sources and appropriate
treatment)

4)

Study role of dehydration and
palatability of water as cause for CKDu
(e.g. interview with patients to enquire
past color of urine, perception of water
taste)

5)

Study feasibility / need for household
filters or conventional water treatment at
community based water supply systems.

Workshop: training on assessment of WSS
1.

Assessment of technical status of urban
and rural systems

2.

Identification of technical solutions,
financial solutions

3.

Formulation of Urban water supply
strategy
Formulation of rural water supply
strategy

4.

Duration

vii

1 month

ABBREVIATIONS
ADB
CKDu
CORWSS
DOC
DRR
GF-AAS
GND
ICP-MS
MAL
mg/L
MSDS
NCP
NWSDB
RO
THMs
µg/L
WHO

Asian Development Bank
Chronic Kidney Disease with Unknown Aetiology
Community Operated Rural Water Supply Schemes
Dissolved Organic Carbon
Dutch Risk Reduction team
Graphite furnace atomic absorption spectrometry
Grama Niladari Divisions
Inductively coupled plasma mass spectrometry
Maximum Allowable Limit in drinking water
milligram per litre
Material Safety Data Sheet
North Central Province
National Water Supply and Drainage Board
Reverse Osmosis
Trihalomethanes
microgram per litre
World Health Organization
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INTRODUCTION

1.1

Background and history of the problem
Introduction
Chronic kidney disease (CKDu) has become a major health problem in Sri Lanka; According to the
World Health Organisation (WHO), more than 15 % of the population aged 15-70 years in the North
Central provinces are affected with CKDu and is now also prevalent in the North western, Eastern,
Southern and Central provinces.
High prevalence of CKDu is suspected mainly due to polluted ground water with hardness, heavy metals
and/or fluoride. As a consequence, too many donors, private sector institutions, religious organizations
are occupied with the provision of treated water through various technologies in the endemic areas. It
has now come to a situation where authorities have lost control on the current water provision and are
not able to guarantee hundred percent safe drinking water which adhere to the quality standards.
An official request for support from the DRR-Team was sent to the Dutch Government on the 3rd of
November 2015 from the Government of Sri Lanka. The government of Sri Lanka has requested for
evaluation and recommendation on the current water provision in the endemic areas.
These Terms of Reference (ToR) concern a scoping mission to evaluate and recommend on the current
water provision in the endemic areas, specifically the North Central provinces, with a focus on;
- The quality of the drinking water in the endemic areas
- The current used water treatment technologies

1.2

Dutch Risk Reduction
Dutch Risk Reduction Teams in general aim to investigate opportunities for risk reduction in areas
affected by water-related disasters. Many countries around the world face severe water threats. Often,
these countries are in urgent need of expert advice on how to prevent a disaster or how to recover
from a calamity.
For example, when a country has been struck by severe flooding and the first emergency relief
workers are gone, the need for advice on how to build a sustainable and safer water future arises. To
meet these needs with a swift response, the Dutch government has initiated the Dutch Risk Reduction
Team (DRR-Team). This team of experts advises governments on how to resolve urgent water issues
related to flood risks, water pollution and water supply, to prevent disasters or to rebuild after water
related disasters. With climate change and a fast growing world population, water issues are becoming
more urgent.
The Netherlands has brought its best water experts together in the Dutch Risk Reduction Team
Database. It consists of a high concentration of advisors supported by a broad base of technical
experts who can provide top quality and tailor-made expertise to governments that are confronted with
severe and urgent water challenges. The Dutch are experts in adapting to water in a changing world;
from delta management to water technology, from urban planning to governance, public private
partnerships and financial engineering.
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1.3

Terms of Reference for this mission
Mission specifications
a. Scope
The Terms of Reference concern a scoping mission to address the quality of drinking water and the
quality of drinking water treatment technologies used in the North Central province of Sri Lanka.
b. Objectives
The objectives of this scoping mission are:
A. The mission will explore technical possibilities with the Sri Lankan government regarding
short, medium and long-term measures that can be taken, and look into a sustainable strategy
on the water quality treatment technologies and drinking water supply problems in the
endemic areas.
B. The mission will analyse the current drinking water supply management in the endemic areas
and will provide advice regarding possible improvements.
C. The mission will execute a technical assessment on the current used water treatment
technologies in the endemic areas, specifically the North Central province, and provide
recommendations for improvement.
D. The mission will do a technical assessment on the quality of the drinking water available in the
endemic areas.
E. The mission will elaborate on a roadmap for short-, medium- and long-term interventions on
the water quality treatment technologies and drinking water supply management.
F. The mission will look for opportunities to implement the above recommendations through
existing programs (e.g. ADB), or recommend alternative ways for an effective implementation
including finance.
Expected results
a. Activities
 Desk review: Review of the sector scan and available documentation on the situation in Sri
Lanka.
 The mission will assess previous studies on the water quality in the endemic areas.
 The mission will explore in more detail the water sector organization, ownership and
performance.
 The mission will explore how the regulations, standards, permits and control mechanism are
centrally and/or locally organized in the drinking water supply sector.
 Advice on project and financial structuring of water investments, including a review of tariff
systems as an option to provide solutions for these issues.
 Advice on finance options for follow up activities/recommended (no regret) measures.
 The mission will look into actual possibilities where the Dutch water sector might have added
value in Sri Lanka.
 During the mission:
- Visiting Various stakeholders like the local authorities, water boards /authorities, ministries
e.g. Ministry of Water supply and Drainage, National Water Supply and Drainage Board
(meetings with all stakeholders involved in the decision-making of water supply)
- Meetings with representatives from various IFI’s like the ADB, WB, AFD, JICA and KOICA
to discuss financial options.
- Field visits to the endemic areas; most affected area in the North Central province;
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-

To collect all available data on the water treatment technologies currently in use in the
endemic areas.
To collect technical data on the quality of the treated water.
Make available all reports, and information on the current water supply regulations,
organizational framework and financing instruments (the governance structures).

b. Reporting:
 Report writing (as specified in section 3b)
 Debriefing with DRR coordination team.
 Sector meeting after the scoping mission to share the findings of the scoping mission and
explore the interest of companies in the Dutch water sector.
c. Output / Deliverables
As a joint effort of the team of experts the mission has to result in a report in which the following issues
should be attended to
 Executive Summary;
 Findings and recommendations for the requesting authorities on how to take measures as a
response to the critical situation;
- Financial possibilities to be able to implement recommended measures;
- Description of conducted activities including an overview of the stakeholders and activities
that have been conducted.
 With regards to the reporting, the following standards are maintained:
- The findings and recommendations shall be presented in a reader friendly and
professional manner and may include illustrations and photos;
- An electronic version of the final report along with all the relevant annexes;
- An executive summary of the study of maximum 2 pages, which can be used for
publication on websites of EKN and RVO.nl/drrteam.nl;
- The mission team should present their findings to relevant stakeholders at the end of the
mission period.
- Representative(s) of the expert team should be available to present the findings during a
(sector) meeting in the Netherlands.
- All reports and communication will be in the English language.
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2

WATER RESOURCES
Water quality is considered an important factor in the development of CKDu. In this chapter we
describe the different water sources people use and factors that control the ground water
quality, and explore the possibilities to find better water quality within the hydrogeological
landscape.

2.1

Introduction
The North Central Province (NCP, see Figure 2.1) is part of the so-called “dry zone” of Sri Lanka with
a rainfall of 1000 to 1750 mm per annum. Annual temperatures range from 26 °C to 34 °C. People
have historically depended on agricultural activities for the livelihood, especially paddy rice cultivation.
Tanks (reservoirs with a weir) and irrigation channels typically occur in a closed-cascade system
where water is mainly contributed through rainfall and lost through evapotranspiration, surface and
underground outflow (Panabokke 2007). In addition, several main rivers flow through the area,
including the Mahaweli, which originate from the higher “wet zone.”

Figure 2.1: Sri Lanka, Administrative and Geophysical. The project focusses on North Central Province with
capital Anuradhapura.

Groundwater occurs in the shallow regolith aquifer and the deeper fracture zone aquifer. The shallow
aquifer consists of weathered metamorphic bedrock. The thickness can vary from site to site and is
usually not more than 10 m. The groundwater in the main valleys is recharged by tanks and irrigation
channels. However, there is no continuous aquifer but rather separate pockets in crystalline rocks,
each with a pocket-specific groundwater table.
The fracture zone occurs at depths of around or beyond 30 to 40 m, wherever tectonic forces have
caused some degree of jointing or fracturing of the underlying basement. The occurrence of these
fracture zones is more sporadic and related to lineaments (Panabokke 2007). Drilled tube wells are
used to abstract ground water but yields vary from well to well and are difficult to predict in advance of
drilling. Many wells were never taken into production because of insufficient yields (pers. com WSDB
Anuradhapura). And a significant number of tube wells have been abandoned because of
unacceptable water quality or a decline overt time of the yield (Panabokke 2007).
Both the regolith aquifer and the deeper fracture zone aquifers beneath it, are in most instances
interconnected. However, pumping tests usually show little reaction in surrounding deep wells,
DRR mission Sri Lanka
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suggesting that interconnectivity occurs vertically but not horizontally and most water recharge occurs
locally. Therefore, any pollution in the regolith aquifer will also adversely affect the drinking water
supplies drawn from the fracture zone aquifer (Panabokke 2007; pers. comm. NWSDB
Anuradhapura).

2.2

Factors controlling groundwater quality
Water quality in North Central Province is highly variable. Figure 2 illustrates some main factors:


Land use determines the recharge and the presence of fertilizer and pesticides and the
quality of irrigation water.



The geology, and in particular the presence of fluoride bearing host-rocks are the principle
source of ions.



Natural drainage and irrigation practices may cause dilution. Flushing of groundwater (close
to tanks, irrigation and natural drainage canal water) leads to relatively lower ionconcentrations in groundwater. Recirculation by re-use of irrigation return flows or pumped
water from wells may contribute to ion-enrichment. Isolated pockets, caused by subsurface
obstructions of bed-rock, are not replenished by surface water. Stagnation results in much
larger residence time and ion-concentrations. Wells in the deep aquifer may also show higher
concentrations for certain ions due to longer residence time and rock-water interaction.



Precipitation also influences the flushing. Thus, the lower concentrations of ions in the “wet
zone” are a climatic feature: the rocks and minerals are similar but excessive leaching and
subsequent flushing out with heavy rain dilutes ion and fluoride concentrations. (Chandrajith et
al 2012; Panabokke 2007; Rajasooriyar 2013).
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Figure 2.2: EXAMPLE of conceptual model of groundwater (top), showing the vulnerability of potential drinking
water sources (bottom). Blue colour = low vulnerability, red = high vulnerability, green = intermediate vulnerability

2.3

Major ions
Table 2.1 shows composition of groundwater samples taken by the DRR-team. The full report
including tap-water samples is reported in Annex 1. The pH of groundwater in the dry zone is neutral
to alkaline. Geochemically water from the dry zone is abundant in HCO 3-, Cl, Ca2+ and / or Na+. This is
in line with other studies in the area (e.g. hardness in general between 250 and 500 mg/L CaCO3
according to (Dissanayake & Weerasooriya 1986; Iron and Manganese are mainly found in the deep
aquifer owing to reduced conditions.
Despite the large quantities of fertilizers applied, nitrates seldom appear in concentrations greater than
the 10 mg-N/L Maximum Allowable Limit in drinking water (MAL) (Chandrajih et al 2011; Rajasooriyar
et al. 2013; Dissanayake & Weerasooriya 1986), probably because of limited content of leachable
ammonium, either due to reduction in deep groundwater, or low recharge (Dissanayake &
Weerasooriya 1986). Alternatively, nitrates are possibly reduced in the waterlogged conditions under
the paddy fields (Rajasooriyar et al. 2013). Incidental occurrence of nitrates above MAL is associated
with human and animal wastes, (Rajasooriyar et al 2013, and intensive use of fertilizers.
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K+ is often used as indicator of flushing out of NPK-fertilizer. Chandrajith et al (2011) reported high K+
values up to 60.3 mg/L but without access to the raw data it is not possible to rule out other sources
(e.g. by checking Na/K ratio’s).
The DRR-Team did not specifically look for water quality measurements in surface water. In general,
concentrations of ions are lower due to dilution by rainwater and runoff from the “wet zone”.
We compared the taste thresholds for substances where WHO has not determined a toxic level (WHO
2011). Analysis were conducted at the UNESCO laboratory using GF-AAS for As, Ion selective iode
for F and ICP-MS for other substances. The Sri Lanka National Standard for Fluoride (F) is 1.0 mg/L
which is lower than the 1.5 mg/L WHO guideline value.
Table 2.1: Ground water quality measurements of the DRR-team, compared to WHO guideline values.
Sample description
Location
Source
WHO guidelines/taste threshold
Dimbulagaba
Tube well
(Polonnaruwa)
River bed infiltration
Bandenagala
Dug well
Dug well
Dug well
Tube well
Kalukale
River bed filtration (RO
feed
Ambagahawewe
Paddy field
(Anuradhapura)
Shallow well
Shallow well
Shallow well
Shallow well
Shallow well
Shallow well
Kahatagasdigiliya
Tube well, intake WSS
Anuradhapura
Surface water, treated
WTP

Legend
<10% of MAL

10% - 50% of MAL

Macro ions and fluoride (mg/L)
Ca
Fe
Na
100
0.3
200
62
2.10
105

F1.5
1.13

Trace metals (μg/L)
Al
As
900
10
220
<2

Cd

Cr

Pb

3
0.08

50
2.6

10
19.6

10
21
73
68
46
8

0.23
0.12
<0.05
<0.05
2.81
0.1

7
9
79
29
42
7

0.24
0.30
1.01
0.40
0.40
0.12

47.0
5.37
7.69
18.3
131
42.7

<2
<2
<2
<2
<2
<2

<0.02
<0.02
<0.02
<0.02
0.02
<0.02

<0.07
<0.07
0.41
0.53
0.87
<0.07

0.61
<0.06
<0.06
<0.06
37.2
0.84

27
53
27
42
58
43
42
73
24

1.25
<0.05
0.23
<0.05
0.09
<0.05
<0.05
0.13
<0.05

78
45
18
15
78
78
52
54
46

0.35
0.70
0.39
0.45
1.14
1.56
0.86
1.09
0.22

1026
4.95
6.13
12.4
9.84
15.5
3.00
<2.56
620

<2
<2
<2
<2
<2
<2
<2
<2
<2

0.03
<0.02
<0.02
0.02
<0.02
0.03
<0.02
<0.02
<0.02

1.04
0.08
<0.07
0.08
0.07
0.12
0.17
0.11
0.23

1.28
<0.06
<0.06
<0.06
<0.06
<0.06
<0.06
<0.06
<0.06

50% - 100% of MAL

100% - 200% of MAL

>200% of MAL

WHO guideline value

Taste threshold

Explanation of colours
Red = Exceeds WHO guideline values or taste threshold by more than factor 2;
Purple = Exceeds WHO values by factor 1 to 2;
Blue & green = below WHO values”

2.4

Fluoride
Groundwater F- bearing host-rocks are acknowledged as the principal fluoride source. Fluorite is
commonly found in NCP as an accessary in biotite gneiss and granitic gneiss. Of the water samples
taken during DRR short mission, 33% had F- concentrations in excess of 1 mg/L (see figure 2.3). This
is slightly lower than Chandrajith et al (2012) who found that almost 50% of wells in the dry zone had
F- concentrations greater than 1 mg/L. with peaks up to 13 mg/L.
It is unclear if the elevated lead concentration found in samples taken from two deep wells indicate
pollution of groundwater or originate from sampling taps that are sometimes made of scrap metals.
Additional sampling is required to clarify possible source of elevated lead concentration.
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It is not entirely clear whether the deep aquifer has higher F concentrations compared to shallow. In a
study in Udawale region, van der Hoek et al (2003; cited in Chandrajith et al 2012) found lowest Fconcentrations in surface water (median 0.22 mg/L), 0,48 mg/L in shallow wells and 0,8 mg/L in tube
wells. However, Rajasooriyar et al. (2013) more recently found similar F- concentrations in both
shallow and tube wells in the same district (average 1.0 mg/L) as did Young et al (2011) in the North
Central Province. These results are in line with leaching experiments conducted by Hallet et al (2015)
on rock samples from Southern India and Sri Lanka which indicate a greater potential from the
Regolith compared to bedrock.
It is important to notice that F- is highly variable in space. For example, within Ambagahawewe village
fluoride concentrations vary range from 0.35 mg/L to 1.56 mg/L over a distance of few km. Figure 2.3
further illustrates the spatial variability by comparing F- concentrations from the national map
(Chandrajith et al 2013) with a local map of Kekirawa showing patches of low F-. This illustrates that
making global conclusions based on national maps could be misleading. We recommend that planners
of water supply schemes make use of knowledge on the factors controlling ion concentration to
identify the locations with best water quality (i.e. lowest ion-concentration) within villages.

Figure 2.3:

National map of F- in groundwater (left; Chandrajith et al 2012) and a detailed map of Dambulla
(Right; Young et al 2011)

Fluoride concentrations are positively correlated with Na and negatively with Ca (Young et al 2011),
presumably because high Ca causes precipitation of F.

2.5

Heavy metals
Water samples taken during the DRR mission showed no elevated concentrations of heavy metals.
The high Al levels found in the paddy field can likely be attributed to suspended clay particles. The
samples were not filtered, because this study is supposed to resemble the water “as drunk”, (c.f.
Reimann et al 2003).

2.6

Pesticides
Despite apparent high dosages and intensive use of pesticides, hardly any information is available on
ambient concentrations in ground- and surface water in literature or with the NWSDB. We were only
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able to find a study by Jayasumana (2015) who measured glyphosate in abandoned wells (median 3.2
μg/L) and serving wells (from 0.6 to 3.2 μg/L).
Recommendation 1: Future research should focus on the presence of pesticides (and other organic
micro-pollutants). We recommend a broad scan of micro-pollutants including (1) measurements of
applied pesticides (to compare the substance with the content stated in the Material Safety Data Sheet
(MSDS) (2) ambient measurements in transects of ground- and surface water using standard
techniques and (3) measurements using advanced techniques to determine the impact of possible
complexation (/Chelation) with metals on pesticides detection.

2.7

Pathogenic micro-organisms
The DRR mission briefly looked into available data on risks posed by pathogen micro-organisms since
they provide information on the vulnerability of groundwater. Measurements of NWSDB showed a
complete absence of coliforms in tube wells of Anuradhapura and Polonnaruwa, indicating that deep
groundwater is microbiologically safe and wells are generally in a sound technical status (i.e. absence
of short circuit flow due to leaky casings). Shallow wells and surface water show considerable
coliforms (including Escherichia Coli)
Rajasooriyar et al (2013) found micro-biological contamination of both wells close to irrigation canals
and wells at greater distance. This suggests that both infiltration of surface water and sewage and
other waste disposal (lack of hygiene) as a likely source of pollution.

2.8

Drinking water sources
The ancient tank system has historically been used for irrigation and drinking water supply. But since
the 1980’s the irrigation has expanded by rapid development of ground water wells. Most people in the
“endemic” area use drinking water from four sources.
1. Surface water found in tanks (reservoirs), irrigation canals, rivers and streams
2. Shallow dug wells in the shallow regolith aquifer
3. Deep tube wells that may reach the deeper “fracture zone” aquifers; and
4. Water bearing quartzite strata that give rose to nature springs (Panabokke 2007).
NWSDB has built a number of water supply schemes in NCP. Figure 2.4 shows a map with the
location of water supply schemes in Anuradhapura District.
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Figure 2.4. Map of Water supply schemes in Anuradhapura Province (source: NWSDB)
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2.9

Are there enough safe drinking water sources?
It is likely that in most villages, new ground and surface water sources can be found with quality
suitable for drinking (quality better than WHO standards) after applying a simple water treatment, even
in areas which are associated with high fluoride levels. This requires better accessibility of existing
data and knowledge on factors controlling groundwater quality. Additional monitoring of pesticides is
recommended. Thus, further investigation into the hydro-chemical zonation across the landscape
aspects is warranted.
Recommendation 2: Detailed hydrological system analysis should be conducted in a number of test
area’s to increase the knowledge base on the link between water quality, land use and geology. Risk
profiles for different types of wells/ intakes should be developed.
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3

RELATIONSHIP BETWEEN CKDU AND DRINKING WATER
CKDu is often attributed to exposure from different toxins (through drinking water, food and
other pathways), and a number of aggravating environmental and social aspects such as
profession (most patients are farmer), dehydration, genetic aspects, humidity/temperature,
handling of agro chemicals, etc. In this chapter we focus on a preliminary assessment of risks
related to drinking water.
This assessment is based on literature and interviews with experts. In addition, the DRRmission visited 10 households. The people visited were all farmers who have been living in the
area their entire life, or were relocated in the 1980’s. At least two individuals within each
household had CKDu and most patients were more than 60 years old.

3.1

Environmental changes associated with CKDu
The onset of CKDu in 2000 has been attributed to a number of drinking water related changes during
the 1980’s and 1990’s:
 First, wells have been constructed on a large scale since the 1980’s, leading to increased
consumption of groundwater instead of historically used sources such as surface water from
tanks. Anuradhapura district has more than 10,000 agro wells and 1000 tube wells, more than
any other district in Sri Lanka (Abeywickrama 1991).
 On top of this, the endemic area broadly coincides with high fluoride and hardness according
to regional groundwater maps, making these substances a likely candidate that can be
associated with CKDu. (NB: Traditionally, wells were also used for drinking water. But these
were typically located in the village “gangoda” downstream of tanks (Panabokke 2007) i.e. at
such a position in the hydrogeological landscape that they were regularly flushed (short
residence time) such that water quality resembles surface water – cf. chapter 2).
 Finally, there is increased use of chemical fertilizer and pesticides, both within the CKDu area
and upstream irrigation schemes, leading to pollution of drinking water sources (Jayasumana
2013).

3.2

Drinking water sources
Most CKDu patients that were visited during the DRR-mission had for decades relied on groundwater
from dug wells or tube wells. This was until in 2014 and 2015, when the government started to
provide drinking water from RO plants as part of the remediation strategy.

Figure 3.1: Tube well and dug well

Our observations are in line with several community-based surveys and case-control studies in
hospitals that found that the affected communities rely mainly on shallow agro-wells or deep tube wells

DRR mission Sri Lanka
Scoping mission on CKDu

12

(Amarasinghe 2015; Jayasumana et al 2015). Jayasekara et al (2015) found a much lower CKDu
prevalence amongst communities using water from natural springs (1.5%) compared to people
consuming water from wells (7.7%) in the high-prevalence areas in North Central Province.
Siriwhardana et al. (2015) found that people using only well water have a higher CKDu prevalence
compared to people consuming water from multiple sources. Jayasumana et al (2015) specified
drinking water from abandoned wells as a risk factor, and associated abandoned wells with poorer
water quality (c.f. paragraph 2.6 on pesticides).
A few words of cautions need to be expressed with regard to interpretation of these surveys. We
observed in several instances that there is confusion about the term “shallow well”, as some “wells”
are in fact river-bank infiltration or surface water intakes with similar quality as surface water. Also, the
surveys do not take into account that people use multiple water sources or change their primary water
source over time nor discern between shallow or deep wells.

Figure 3.2: Examples of River Bank infiltration intake, which are confusingly called “shallow well”

We found that prevalence of CKDu in Anuradhapura District is lower amongst people receiving piped
water (0.9%) compared to other areas (1.9%). This analysis is based on the database provided by
NWSDB on 699 Grama Niladari Divisions (GND)/ villages (pers. comm. Jayasiri). We counted only
piped water schemes established before approximately 2000 when people started to get sick on a
large scale.
Several factors of relevance have been suggested to be influenced by piped water. First, easy access
to water stimulates people to drink more. Secondly, piped water generally consists of treated surface
water or river bank filtration which has a different water quality than most household wells. However,
these findings could also be a demographic / statistical artefact since most water supply schemes lie in
urban areas with a low farming population. Also, we do not know the background of CKDu patients in
areas with piped water supply systems. During our visit to Renal Centre in Anuradhapura, one of the
doctors suggested that patients in urban areas were often farmers in the past who have been
relocated to the city (often following illness), or are part-time farmers living on the outskirts of a
municipality.
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Figure 3.3: Paddies in the problem area

All interviewed farmers drink water from (paddy) fields; some occasionally and others more
regularly and even whilst spraying pesticides. Some families mention that they bring water from home
but occasionally forget to do it. Several previous studies also describe drinking water from the field as
a risk factor, but the associated health risk has never been thoroughly studied.
Recommendation 3: Further analysis on the impact of water supply by comparing CKDu prevalence
amongst similar groups (cohorts) who have/ have not received piped water.
Recommendation 4: As part of baseline studies for planned new WSS identify and extensively test
the quality of water sources. Such studies may also help to identify the locations with best water
quality.

3.3

Dehydration
Based on our impression and interviews, farmers do not take sufficient amounts of drinking water due
to poor habits, or poor quality, or availability of drinking water. This can lead to repeated dehydration.
We personally also experienced that the climate is very hot, requiring a high water intake to maintain
vigour.
A doctor of the Renal Care Centre of Anuradhapura mentioned that patients first undergo several
acute cycles before entering the chronic phase of CKDu. This acute phase is sometimes associated
with dehydration and develops mainly in the hot/ dry May – August period. Wimalawanse (2014) also
noted that renal stone formation and aggravation of existing kidney stone disease during dry season is
the only well characterised ailment.
Our observations are in line with several studies that briefly mention dehydration as a contributing
factor to CKDu. Siriwhardhana et al (2015) investigated this factor more rigorously. Based on
interviews with 100 CKDu patients and 100 non-patients, majority in both groups being farmers, they
reported that significantly higher percentage of CKDu patients were found to be working more than 6
hrs per day under the sun, and consumed less than 2 to 3 L of water per day (recommended amount
to be further investigated), putting them at higher risk of getting dehydrated.
“In Nicaragua, where a similar nephropathy of unknown cause is reported, dehydration is considered
as a predisposing factor for CKD.” “Significant dehydration has been observed among agricultural
workers exposed to extreme heat in the cotton and sugarcane industries in Nicaragua.” The affected
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farmers in Sri Lanka work under similar conditions which could thus potentiate the susceptibility of
kidneys to various nephrotoxic agents (Siriwhardhana et al 2015).
Recommendation5: Conduct an awareness campaign to promote drinking more and clean water
while at work in the field
Recommendation 6: More research should be focussed on the possible link between dehydration
and CKDu. We recommend to conduct biomedical measurements in the field before/ after prolonged
working in the sun.

3.4

Taste of drinking water
Taste (Perceived quality /appearance) of drinking water influences palatability of drinking water and
can result in lower total daily intake. Several families also complained about the taste of drinking water
and mentioned scaling of cooking utensils as a reason to switch to other sources of groundwater, e.g.
another well just at a short distance. In several cases we tasted the water ourselves and also found
elevated Fe which may explain the poor (metallic) taste.
The taste threshold for Calcium is in the order of 100 to 300 mg/L (WHO 2011). A hardness above 200
mg CaCO3/L may cause scale deposition in the distribution system and storage tanks. The taste
threshold concentrations for iron and manganese are 0.3 mg/L and 0.1 mg/L, respectively.

Figure 3.4: Well abandoned in 2014 by a family with two CKDu patients because of bad taste

3.5

Fluoride, hardness and other micro ions in drinking water
Based on several papers and reports the endemic area coincides with relatively high fluoride and
hardness on ground water maps compared to other parts of Sri Lanka. However, all wells sampled by
the DRR-team had fluoride and major ions below or equal to WHO guideline values. It should be noted
that the Sri Lanka’s national drinking water quality regulation have more stringent standard for fluoride
concentration (1 mg/L) in comparison to WHO guideline value of 1.5 mg/L. Such more stringent
maximal acceptable fluoride concentration in drinking water are likely based on WHO remarks that
“volume of water consumed and intake from other sources should be considered when setting national
standards” (WHO, 2011).
However, one of the doctors of Anuradhapura Renal Care Centre mentioned that most CKDu patients
showed symptoms of skeletal fluorosis, indicating prolonged exposure. In fact, the rate of occurrence
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of fluorosis is 88.9% in Northern Sri Lanka, which is remarkable since drinking water qualities usually
are well below the WHO recommended 1.5 mg/L (Taennakoon 2004; cited in Chandrajith 2011).
Chandrajith et al (2011) found that CKDu incidence is much higher in 3 villages with wells with
Calcium-bicarbonate water compared to wells in 2 non-CKDu villages. They argue that the
biochemical pathways through which fluoride acts in the human body as protective and toxic agent
depends on the Na and Ca concentration, i.e. the Na/Ca ratio governs the minimum required and
maximum tolerable Fluoride concentration.
Dharma-Wardana et al (2015) proposes that chronic exposure to several ionic components in the
water, all below the maximum allowed limits (MAL), denatures the proteins of the kidney. The exact
mechanism is unknown but a typical “Hofmeister” classification of ions with decreasing ability to
denature proteins is:
Cations: NH4+ > K+ > Na + > Mg2+ > Ca2+
Anions: F- > H2PO4 > SO42- > HCO3 > Cl > NO3
The authors argue that inhabitants of NCP may be exposed to several ions with high denaturing
ability. Fluoride is naturally present in groundwater. Data from NWSDB shows high concentrations of
H2PO4 in reservoirs due to phosphate fertilizer-runoff. Fertilizers also contain high concentrations of
NH4+ and K+. Interestingly, the authors ruled out the role of water hardness in enhancing the effect of
nephrotixins proposed by Chandrajith et al (2011) as hard water can precipitate toxins and may
instead have a protective effect. In addition, Ca, Mg and HCO3 are less likely to denature proteins as
they are at the lower end of the Hofmeister classification. Using the known composition from CKDu
free area’s (NWSDB-data) they provide a “safe-water” iconicity (concentrations) for a range of ions (all
well below the guideline values of WHO).
Dr. Manthrithilake of IWMI in a presentation to the DRR-team also suggested a relation between
consuming water from the isolated parts of the regolith aquifer. As mentioned in chapter 2, these areas
have a longer residence time and hence higher concentrations of ions.
Based on water samples that the DRR-team took during field work from CKDu patients’ wells, and
data available in the geochemical atlas (Dissanayake, and Weerasooriya 1986) we do not expect to
find Na+ dominated water in all CKDu villages. Likewise, we did not measure high concentrations for
any of the Hofmeister ions (NH4-, K+, and F-). Hence, we do not find the theories on fluoride interaction
with other ions conclusive.
Recommendation 7: In line with the precautionary principle, we recommend that NWSDB should try
to avoid use of raw water sources with very high ion levels especially for new water supply schemes.

3.6

Nephrotoxic heavy metals in drinking water
Several studies have suggested Arsenic, Cadmium and Lead as causative factors for CKDu. Bandara
et al 2008). Jayasumana 2015 found elevated concentrations of metals in hair and urine of CKDu
patients. However, several recent studies (Jayatilake et al 2013; Nanayakkara et al 2014 and Rango
et al 2015) found similar or even lower Cd levels and As-species in CKDu cases and compared
controls, with metal concentrations within normal limits. Biomedical evidence thus does not point in the
direction of heavy metals.
Drinking water is certainly not a very likely source of heavy metals. Several recent studies found heavy
metal concentrations in almost all samples to be below the WHO recommended guidelines
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(Ambepitiya 2015; Chandrajith 2010; Jayatilake 2013; Nanayakkara et al 2014; Rajasooriyar et al
2013; Wijerathne et al 2014).
We can imagine that farmers are incidentally shock-exposed to high metal concentrations when
drinking water from the field after application of fertilizers (by themselves or neighbouring farmers).
Studies by Jayasumana et al (2015) and Amarasinghe (2015) found elevated levels of Cr, Pb and As
in TSP fertilizer. Other fertilizers such as urea do not contain heavy metals as urea is made from pure
natural gas in a chemical process, while TSP is made from phosphate rock that may contain all kinds
of other elements.
Exposure of CKDu patients to heavy metals from other sources cannot be ruled out. Amarasinghe
2015 for example found high concentrations of Pb, Mn and Cr in rice. While Pb concentrations in
kohila and brinjal were 15.2 and 11.9 μg/L respectively: well higher than the EU standard of 0.2 μg/L.
Very high concentration of manganese (1.5 mg/g) were found in kohila samples taken from the CKDu
affected area (Amarasinghe, 2016).
Analyses of metals in Sri Lanka tea, made in this study, found significantly elevated concentrations of
several metals including fluoride (0.9 mg/L) and manganese (1.1 mg/L).
The formation of nephrotoxic aluminium-fluoride complexes due to substandard cooking utensils
(proposed by Ileperuma (2009) has been ruled out by Chandrajith (2010) who argue that similar
utensils are used in areas where the disease is non endemic.
During our field visit we observed that famers are often directly exposed to fertilizers and pesticides
during application and also by storing food-items in bags previously used for TSP.

Figure 3.5: Pesticide sprayer and storage of chemicals on top of a toilet. Personal protection means are never
used during spraying by none of the interviewed farmers

Recommendation 8: Combine information from existing studies to determine the total daily intake of
relevant (heavy) metals including exposure from various sources.

3.7

Pesticides in drinking water
We found no systematic monitoring of pesticides and other (organic) micro pollutants in drinking water
sources and treated (drinking) water. However, all farmers we visited have used pesticides (e.g.
glyphosate, Paraqat) and chemical fertilizers Urea and TSP (TSP is known for high concentrations of
trace metals) without any protective measures. Pesticides are stored in or close to the house (to
prevent theft), and occasionally pesticide bags are used to store food without proper washing. Some
farmers even drank water from the field whilst spraying pesticides. All these activities provides ample
opportunity for direct exposure to pesticides and possibly (heavy) metals; even without pollution of
drinking water sources.
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A number of cross-sectional and case-control studies have identified farming in general (Jayatilake
2013) and more specific the application of pesticides as a potential risk factor for CKDu (Siriwardhana
et al 2015; Jayasumana 2013; Jayasuma 2015).
Jayasumana 2015 also associated CKDu with a history of drinking from abandoned wells. They found
elevated levels of glyphosate and hardness in abandoned wells compared to serving wells.
Unfortunately, the study does not mention if the sampled wells are the same as those used by patients
and controls. Also, locations and other basic hydro-chemical parameters (such as Ca, Na, Cl) are not
reported at all or not reported in conjunction with pesticides. This makes it hard to interpret the broader
relevance and representativeness of presented data. Results of the study are hard to interpret without
information on the dose-response relation.
Jayasumana et al (2013; 2015) suggested that improper handling (lack of protection, overdosing) in
combination with the prevalence of hard water has aggravated the health impact through the formation
of complexes with calcium and nephrotoxic metals. They further suggested that these complexes: (1)
have the ability to destroy the renal tissues of farmers, (2) are far more stable; i.e. have a much longer
time to break down in the environment and hence pollute drinking water sources, and (3) cannot be
detected with standard laboratory methods but require advanced study. However, Dharma-Wardana et
al (2015) argue that the metal forms are known for decades, not readily adsorbed by organisms,
destroyed by low stomach pH and hardly toxic.
Glyphosphate controversy
The President of Sri Lanka has banned the use of Glyphosphate in June 2015. This decision came
after a World Health Organization announcement that, based on International Agency for Research On
Cancer (IARC) research, the herbicide glyphosate and the insecticides malathion and diazinon were
classified as probably carcinogenic to humans (Group 2A).
The assessment by the IARC of glyphosate, with estimated annual sales of USD 6 Billion, will be of
special concern to Monsanto, the company that brought glyphosate to market under the trade name
Roundup in the 1970s. Most of the farmers what we interviewed have been using Roundup until
recently.
The European Food Safety Authority has recently considered that Glyphosate is generally safe when
used appropriately.

3.8

Is there a link between drinking water and CKDu?
We do not find strong evidence pointing to a direct relation between drinking water and the
development of CKDu.
- The disease is correlated with a combination of fluoride in interaction with ions such as Ca, Na
and NH4 which are commonly found in groundwater. However, there are also patients in the
endemic area and even villages who have primary drinking water source with low fluoride and
ions. Also, we have not seen any conclusive medical evidence to back the theory.
- We found no evidence of high concentration of heavy metals in drinking water
- There is hardly any data on pesticides in drinking water. We find research on the relation
between CKDu and contamination of drinking water with pesticides inconclusive.
- We could not rule out that the habit of drinking water in the field leads to repeated incidental
high exposure to pesticides and nephrotoxic heavy metals (Cr, Cd and Pb) originating from
TSP fertilizer. In combination with dehydration, this may have a detrimental effect on the
kidney and health in general.
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-

Dehydration (both due to drinking little water whilst working in the field; perhaps in
combination with general insufficient drinking water intake due to the drinking water
palatability/ taste (e.g. due to presence of metals or high hardness), or due to appearance of
drinking water sources (e.g. algae bloom and impurities present in individual shallow wells)

Four drinking water related factors are possible contributing factors which warrant further research and
preventive measures from a precautionary principle:
- Fluoride in drinking water in interaction with ions such as Ca, Na and NH 4 ; also total daily
intake of fluoride (e.g. taking into account fluoride in tea and food) should be assessed
- Possible presence of pesticides in raw/treated water
- Dehydration (both low drinking water intake while working in the field, and palatability/ taste of
water sources used at home)
- Exposure to pesticides and heavy metals due to drinking water in the field.
Recommendation 9: As for future study into water quality we recommend to (1) Compare drinking
water quality of sources historically used by CKDu and non-CKDu patients within the same village.
(Test area) (2) Investigate the water quality of wells used by CKDu patients registered in the hospital,
instead of selecting wells from villages with high CKDu rates since these include wells that are also
used by healthy people. (3) Investigate all water sources used by CKDu patients including water taken
from the fields whilst at work (4) Focus on special categories of people like pesticide sprayers living in
towns or non-farmers in village and ex-farmers in urban areas.
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4

ASSESSMENT AND RECOMMENDATIONS ON WATER SUPPLY MANAGEMENT
In this chapter we conduct an assessment on the water supply management of piped water
supply schemes operated by the National Water Supply and Drainage Board (NWSDB),
communities and individual households.

4.1

General situation in Sri Lanka
Provision of safe drinking water is one of priorities of the Sri Lanka’s government. A comprehensive
overview of Sri Lanka’s water (and sanitation) sector, including the historical development was
recently made by Asian Development Bank (ADB, 2015) Approximately 85% of population, according
to this report has access to safe drinking water: about 44% have access to piped water, 3% have
access to hand pump tube wells, while 36% of the rural population has access to safe water through
protected dug wells, and 1% of rural population make use of rain water harvesting.

4.2

Piped water supply systems operated by the NWSDB
The NWSDB is the Sri Lanka’s main water supply and sanitation utility that manages 331 water supply
schemes with more than 1.5 million water connections (ADB 2015). Within the North Central
Province, the focus area of the DRR mission, piped water supply systems are based on surface water
from tanks (reservoirs), and occasionally deep tube wells.
During the mission the DRR-Team visited water supply system in the village Kahatgas Digihillia
Koonwewa (Anuradhapura) – (WSKDK) based on two deep tube wells, and one of large WTP in
Anuradhapura, that likely represents other surface water treatment plants in this province.
A raw ground water sample taken from an operational well of the WSKDK did not show presence of
any of analysed cations at concentrations above the levels that are of health relevance. Groundwater
from these wells is distributed to water supply network of the village with only chlorination as a
treatment.

4.2.1

Urban Water Supply at Anuradhapura
The large WTP in Anuradhapura was constructed in 1972 and has capacity of 13.000 m 3/h. The plant
is based on a conventional treatment scheme that includes (cascade) aeration, coagulation based on
pre-chlorination, alum and hydraulic rapid mixing, integrated flocculation-sedimentation, rapid sand
filtration and chlorination (Fig. 4.1). A short visual inspection of the plant suggests that an urgent
upgrade of the plant is required. The pipe connection between the sedimentation unit and the clear
water reservoir that was used during the reconstruction (by pass of the RSF unit) should be removed
to prevent supply of non-filtered water to consumers
Two samples were taken: (a) treated water at the plant, and (b) tap water in the hotel in
Anuradhapura. These samples have been analysed for major cationic and metals (Annex 1). The lab
results show that several heavy metals are present in the treated water, at concentrations that are not
of health relevance though. Strongly elevated aluminium concentration (0.6 mg/L) was also found in
the treated water sample taken at the site of the plant. High residual aluminium level in the treated
water suggests that the coagulation– separation processes are not optimal (should be typically < 0.1
mg/L). High levels of residual aluminium concentration in treated water can introduce aesthetic
problems (e.g. turbidity, colour), and result in consumers’ complaints.
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The use of gaseous chlorine stored in large gas cylinders is associated with safety risks due to
location of the plant nearby houses and offices located on the site. The transport of large chlorine gas
cylinders through urban areas constitutes an even larger safety risk.
Recommendation 10: Detailed assessment of the WTP in Anuradhapura should be conducted and
feasible options for the plant upgrading should be proposed

Figure 4.1: Main process unit at WTP Anuradhapura (left clarifier, right rapid sand filtration)

It should be mentioned that several important raw/treated water quality parameters are not routinely
monitored at this plant, including among others: organic matter (e.g. Dissolved Organic Carbon DOC), chlorination by-products (Trihalomethanes - THMs), pesticides, etc. Very high dosages of
chlorine are used for pre-chlorination that could, in combination with possibly high levels of organics in
raw tank water, lead to high concentration of THMs in treated water. Chlorination by-products are
considered carcinogenic, and their maximal acceptable concentrations are regulated by drinking water
quality regulations. Unfortunately, no data on possible THMs concentrations in treated water were
available.
Recommendation 11: List of analysed drinking water quality parameters should be expanded and
should (occasionally) include DOC, THMs, all major macro ions (so that ion-balances may be
verified and compared to field measurement of EC.) and (selected) pesticides.
Recommendation 12: Feasibility of the application of alternative oxidants to replace prechlorination should be considered given the possible presence of THMs in treated water and risks
associated with transport and handling of chlorine gas.
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4.2.2

Rural water supply systems, operated by communities
In the last two decades an increasing number of rural water supply systems, operated by communities
(CORWSS) were provided. At present these systems provide drinking water to more than 500.000
households. CORWSS are often based on shallow wells located nearby local tanks (surface
reservoirs) that recharge them, but some of these systems are based on direct intake of surface (tank)
water.
During the DRR mission a number of CORWSS were visited Dimubulagala in Polonnaruwa District,
Kahatagasdigiliya in Anuradhapura. In general, these systems can be seen as an improvement in
comparison to individual shallow dug wells. Though there are no firm numbers, it seems CKDu
prevalence is lower in population that obtain drinking water from CORWSS. The population in general
has a perception that piped water supply has a better quality and presumable increases their daily
water intake. In addition, individual “drinking” water from shallow dug wells does not look very
appealing due to its appearance. We could observe that in several visited individual shallow dug wells
algae were blooming, frogs, insects and garbage could be observed.
In one of the visited CORWSS systems (Dimubulagaba (Polonnaruwa) the pipe connecting the
roughing filter with the well is blocked with concrete, thus excluding the use of the roughing filter. In the
wet season, water from the reservoir flows into the well through the shallow regolith aquifer. Hence,
the system which was originally designed as “surface water intake” now function more or less as
“river-bank filtration wells”. But in the dry season, the surface water flows directly into the raw-water
reservoir, bypassing the roughing filters, thus leading to an increased load of particulate matter
requiring higher dosing of chlorine.

Figure 4.2: Community based rural water supply in Dimubulagaba (Polonnaruwa): Pumping station (left) and
intake shallow dug well (right) with abandoned roughing (sand) filter (below)
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The short inspection of the CORWSS made during the DRR mission, also suggests that these
systems are not always properly designed, and that their performance can be significantly improved.
Furthermore, an expedited process towards the implementation of Water Safety Plans should include:
- Covering of wells;
- Restoring roughing filters at locations where surface water is incidentally pumped directly into
the well. Consider design alterations to allow easy cleaning of clogged filters;
- Fencing protection zones around communal wells;
- Installing the right capacity pumps. Pumps in tube wells are susceptible to chemical clogging;
- Providing some basic treatment and disinfection of drinking water supplied to consumers;
- Better water quality monitoring. NWSDB is currently developing water safety plans for
community water supply schemes. We find that the template is well set up and thorough.
However, we find the link between verification and monitoring of the water quality by NWSDB
needs to be strengthened);
- Better monitoring of well clogging (registration of drawdown at regular intervals);
- Training of operators.
The ADB (2015) recognized current limitations of CORWSS with respect to water quality, and expects
that around 25% of these schemes may be incorporated in the main, large water supply schemes by
2020.
For future schemes and upgrading of existing schemes we suggest to look for future opportunities to
apply Managed Aquifer Recharge (MAR) by raising surface water levels in the direct surrounding of
the wells, or place wells immediately downstream of reservoirs. This ensures that enough water flows
to the well, thus preventing the need for direct intake.
We also suggest to place shallow wells at greater distance of several 100 m from surface water to
allow for a longer residence time i.e. microbiological safety. In that case, groundwater protection zones
should be demarcated between the surface water and wells to limit faecal contamination.
Recommendation 13: Communal water supply systems can be improved in many ways in terms of
design, operation & maintenance, water quality monitoring.
The DRR-Team was also informed about serious operational problems with deep wells in
Kahatagasdigiliya (Figure 4.3) caused by pump/well clogging. Clogging is probably caused by mixing
of anoxic water rich in iron, with more shallow oxic water. And is aggravated by the way in which the
well is operated. Switching the well on and off regularly leads to alternating oxic and anoxic conditions,
thus promoting ferrous iron adsorption on the pump, its oxidation to ferric (hydro) oxides, and clogging
of pump with ferric (hydro) oxide deposits. As a result, the well needs annual regeneration and pumps
are replaced every two years. Problems can be resolved by installing proper pumps with lower
capacity. Also note that the borehole is not covered and home to lizards.
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Figure 4.3: Clogged well in Kahatgas. Laboratory analysis of the pump deposit confirmed that the clogging
material consists primarily of iron-oxide.

4.2.3

Household wells
The DRR-team observed that all private shallow wells are (1) not-covered, (2) often have a very large
diameter compared to the amount of water used, and (3) are often located directly next to paddy fields.
Owners explain that they find it easier to tap water from an open well. And they believe that the sun
will kill pathogens. The large diameter is because the wells are built by local construction companies
who do not have material to drill wells. People perhaps fear that small diameter wells yield less water
i.e. require more time to recover after pumping; and it was also said that a larger well is something like
a status symbol.
However, we observed that organic litter (leaves) was present in most wells. In fact, some wells show
more resemblance with “subterranean lakes” and even contained complete ecosystems with frogs and
fish. Also, many wells were located directly next to paddy fields. The open wells are thus directly
contaminated when farmers spray fertilizers and pesticides. The large diameter results in high
residence time in the wells increasing the risk of contamination. Risk of low yields is probably not an
issue if used only for small quantities of domestic use.
Recommendation 14: Take immediate action to improve hygiene of local wells: (1) monitoring microbiological quality (e.g. coliforms), (2) Start awareness campaign, (3) conduct training on hygiene
aspects for local companies that build wells, (4) provide covers for existing wells.

Figure 4.4

Uncovered well situated right next to a paddy field

Multiple agencies seem to be involved in measuring water quality of individual wells. However, data is
not centrally stored and shared, and topographic coordinates or pictures of investigated wells are not
available, making results non-reproducible.
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In fact, throughout our mission we found that water quality data from the different government
authorities and research institutes is scattered. Data is also stored in different formats, making it
tedious to comparing information from different sources.
Recommendation 15: Improved registration of data on groundwater quality and drinking water
sources in a uniform database is strongly recommended. Water quality analysis from individual wells
should also be stored including the assessment of suitability to use water for drinking.
Preliminary comparison of a limited number of samples analysed for fluoride by NWSDB and
Unesco-IHE laboratories have shown very similar results. Such comparison was, however, not
made for other water quality parameters.
Recommendation 16: Analytical techniques and accuracy of water quality analyses should be verified
and comparing laboratory analyses (e.g. by analysing the same samples by different laboratories)
should be introduced.

4.2.4

Small RO Systems
The composition of the drinking water (hardness, fluoride, arsenic, pesticides, etc.) used by CKDu
patients is often associated with this disease, despite the fact that no clear direct link can be found. As
a way to demonstrate the Government’s commitment to reduce the CKDu progress, the NWSDB and
some other institutions initiated the provision of a large number of small RO plants since 2013. At
present almost 100 RO systems are in operation, while a large number of RO units will be ordered in
addition. These plants typically treat locally available surface (tank) water. Treated water (RO
permeate) is distributed to surrounding area either by trucks, or directly at the production plants.

Figure 4.5: Community operated RO plant (Polonnaruwa): 10 m 3/day RO plant with pre-treatment units (up – left),
treated water storage (up-right), and some of the plant operators
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The price of RO treated water is relatively low and depends on the place of delivery but is considerably
lower if purchased at the site of RO plant. RO plants are typically community operated systems, and it
is expected that the income from RO water sale will be sufficient for all operational costs including the
replacement of membranes.
During the DRR visit one of community operated RO systems was visited (Figure 4.5). The RO
systems include a pre-treatment based on multi-media filtration and Granular Active Carbon (GAC)
filter, dosing of antiscalant and RO filter modules. There is no post-treatment (re-mineralization) of RO
treated water.
On-site measurements of pH and conductivity, and analyses of major cations and metals, conducted
in the Unesco-IHE laboratory, have shown that even feed water has low TDS and metal
concentrations, and that conductivity and concentrations of measured metals in concentrate was found
also to be low (practically within levels prescribed by drinking water quality regulations). More
information on water quality measurements can be found in Annex 1. The concentrate at this RO plant
is consequently used for gardening.
Although it is too early to verify possible beneficial effect of RO water used by CKDu patients as
drinking water, there are some preliminary positive observations. Based on the available but rather
limited water quality data, possible beneficial effects of RO units are most likely not based on removal
of hardness or (heavy) metals that are often linked with CKDu in the literature. We argue that
availability of RO treated water will expectedly result in a higher drinking water intake, given the better
appearance of RO permeate in comparison to water from individual shallow dug wells, and because of
the public campaign on CKDu and the use of RO treated water. In addition, possible beneficial effect
of RO treatment through removal of micro-pollutants (e.g. pesticides) cannot be excluded, given the
removal potential of this treatment, and the absence of data on possible presence of micro-pollutants
in raw water.
RO permeate is practically free from minerals, and such could, on longer term, lead to calcium and
magnesium deficiency with associated adverse effects on consumers’ health (WHO 2009).
Recommendation 17: Existing and future small RO plants should be upgraded with a remineralisation step. Real effect of RO plants on water quality shall be carefully verified (e.g. by
monitoring possible presence and removal of micro-pollutants) and where applicable cheaper
treatment technologies should be considered.
We also noted some potential drawbacks from the RO system. In the village that we visited only half
of the population consumed RO water. Meaning that the other half of the population that still
consumes piped water or water from individual shallow wells, now receives less attention. Thus,
there is a risk that existing water supply schemes get neglected.
Recommendation 18: Also, while the price of 1 Rs per litre sounds low, but means that households
have to spend tens of euro’s a year on water. This may limit accessibility to RO treated water for
households with lowest income.
As an alternative to RO systems also simple conventional water treatment should be considered
and applied where/if appropriate (either at community level, as RO plants at present, or at
household /family level).

DRR mission Sri Lanka
Scoping mission on CKDu

26

Cleaning of RO membranes
RO systems use some chemicals for their operation, such as antiscalant and membrane cleaner.
These chemicals are added to the feed with a concentration of 2-10 ppm and are considered toxic and
infectious by the Canadian MSDS. Such is cleaning is done regularly and involves proper flushing and
chemical handling. A proper solution for this polluted water has to be identified.

Figure 4.6

MSDS of “Pure Aqua 0100”

Recommendation 19: A proper solution has to be identified to dispose of waste water from daily
operation of RO units or regular flushing of the RO units.
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5

ACTION PLAN

5.1

Possible Funding
The water quality improvement project can be financed by:
1) A local, provincial or governmental budget
2) A (soft) loan from a commercial bank, development bank or a donor (ADB, WB)
3) Private funding by means of a PPP construction.
4) A partial grant from various development instruments in combination with local funding or a
loan
Grants for Technical Assistance (TA) can –possibly- be awarded by:
World Bank
The World Bank is the largest external source of financing for water projects, which totalled US$7.5
billion in FY11, comprising 53% for water supply and sanitation, 12.5% for irrigation and drainage,
23.5% for hydropower, and 9.9%for flood protection. The Water practice includes World Bank
operations, the Water unit, the Water and Sanitation Program, the Water Partnership Program, the
Cooperation in International Waters in Africa, and the Southern Africa Water Initiative.
Asian Development Bank
The Water Financing Partnership Facility consists of 3 pillars, the Multi-Donor Trust Fund, the
Netherlands Trust Fund and the Gates (sanitation) Trust Fund. The Gates fund focuses on Sanitation,
The Netherlands Trust Fund is limited to focus countries Bangladesh, Indonesia, Myanmar and
Vietnam. Activities in the Sri Lanka therefore cannot be financed through the NL Trust Fund. Funding
is possible through the Multi Donor trust fund. These trust funds are in general used as grants for TA,
for instance Project Preparatory Technical Assistance (PPTA), Capacity Development TA (CDTA) or
Research and Development TA. These are therefore not loans and not huge amounts for investments
in infrastructure.
The best approach is an application either via the operational project officer for the country/thematic
portfolios and whom are responsible for setting up/designing loans and therefore projects (ADB, South
East Asia Department (SERD), and Sri Lanka Resident Mission).
RVO (Dutch Government)
The programme that is most suitable for partly funding of a Water Supply Project is the Drive Program
(Development Related Infrastructure Investment Vehicle). With DRIVE the Ministry of Foreign Affairs
of the Netherlands facilitates investments in infrastructural projects that contribute towards a good
business climate and entrepreneurship in the area of water, climate, food security and sexual and
reproductive health and rights (SRHR). Projects must be supportive of, and build on the Dutch agenda
for aid, trade and investment, for instance by joining initiatives that have already been developed as
part of Dutch development policy.
Projects are with a size of between 5 million and 60 million euros (including financing costs).
To qualify the project should adhere to the following selection criteria: http://english.rvo.nl/subsidiesprogrammes/development-related-infrastructure-investment-vehicle-drive
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5.2

Proposed Work Plan
We propose to address our findings in an action plan aiming at: the following 3 components
1. Immediate action
2. Fill the information gaps, additional studies required
3. Long term actions to provide good quality water
Action

Description

Duration

Reference to
recommendation in
this report

Promote higher water
intake

Public awareness campaign and highlight the
role of dehydration

Continuous

No. 5

provide people in CKDu
area with good quality
drinking water

Provide water that meets WHO standards and
SL standards. This is not necessarily RO
water. Water can be distributed by tankers and
stored in reservoirs in the villages.
Upgrade existing RO plants to allow
remineralization of RO permeate
Conduct inspection of labs including quality
assessment of labs by sharing samples (1) to
determine reliability of existing measurements
(2) to recommend improvements

3 years

No. 18

Component 1:
Immediate actions

No. 17
No. 16

Set up a centralized database structure with
(1) information on water quality and (2)
assessment of suitability for drinking water

No. 15

Component 2:
Additional studies
Establish Test area (eg
Medawachchiya, 5x8
km2) with high level of
CKDu prevalence

Establish a test area with comprehensive
research in that area:
6) water quality in all wells, monitoring of
pesticides, social behaviour, geohydrological mapping, test full range
of heavy metals, health screening,
test for micro-pollutants, monitor
water intake
7) Perform a screening of water quality
parameters that are currently not
measured such as pesticides, THM
and organics.
8)
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1 year

No. 1, 2, 3, 6, 8, 9

Action

Description

9)

o

Link water quality with
geology & land use

o

Develop risk profiles for
different type of wells/ intake
(as basis for future selection
of water sources and
appropriate treatment)

Duration

Reference to
recommendation in
this report

1 month

No. 4, 7, 10, 11, 12,
13, 14

Study role of dehydration and
palatability of water as cause for
CKDu (e.g. interview with patients to
enquire past color of urine, perception
of water taste)

10) Study feasibility / need for household
filters or conventional water treatment
at community based water supply
systems.
Component 3:
Detailed assessment
of Small and Urban
Water Supply
Schemes &
formulation of
improvement
programme

Workshop: training on assessment of WSS
5.

Assessment of technical status of
urban and rural systems

6.

Identification of technical solutions,
financial solutions

7.

Formulation of Urban water supply
strategy
Formulation of rural water supply
strategy

8.
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ANNEX 1: WATER QUALITY SAMPLES

Sampling

DDR

Water
Board

Water
Board

date

Sample
No.

Sample
No.

Lab No

UNESCO-IHE

Analysis Result Sheet

Name of analyst:

Lyzette, ICP-MS / Frank GF-AAS for As / Bart Fluoride electrode

Subject:

Samples Bane Sri Lanka

Date:

Measurement: 14-04-2016 Report: 14-04-2016

Sample description

Field parameters

Macro ions and fluoride (mg/l)

Location

Water source

used by CKDu
patient

notes

pH

EC (µS)

T (˚C)

WHO guideline values / taste threshold
05/04/2016

1

?

05/04/2016

2

?

Trace metals (µg/L)

Sample Decription

House in Dimubulagaba,tap water
(local WS system)
House in Dimubulagaba,tap water
(local WS system) after family

05/04/2016

3

39

05/04/2016

4

44

Community deep (120 ft) tube weel

05/04/2016

6

40

05/04/2016

7

06

05/04/2016

8

86

05/04/2016

9

59

05/04/2016

10

27

05/04/2016

11

Surface water -RO Feed

05/04/2016

12

Surface water -RO permiate

05/04/2016

13

Surface water -RO concentrate

06/04/2016

21

1A

680

06/04/2016

22

2A

681

06/04/2016

23

3A

682

06/04/2016

24

4A

683

06/04/2016

25

5A

686

06/04/2016

26

6A

684

06/04/2016

27

7A

06/04/2016

28

?

07/04/2016

31

07/04/2016

32

11/04/2016

41

Community WS system, shallow
weel (intake) influenced by surface
water
Bandanagala village, shallow (20ft)
well

Dimubulagaba
(Polanawara)

Dimubulagaba
(Polanawara)

Bandenagala

Village - Polonnaruwa
Village - Polonnaruwacommunity
WS system (small tank of a family)
old tube well (not used for drinking
anymore)

0.3

household filter

(source = DRR 1)

yes, since 2014

tube well

depth 120 ft

yes (when working in
field

6.6

885

River bed filtration;
intake WSS

depth 30 ft

yes (same source also
used before WSS in 2010)

7

117

dug well

depth 20 ft

yes

6.7

185

21

0.12

dug well

depth 25 ft

yes

6.7

869

73

< 0.05

7.1

450

53

< 0.05

7

542

68

yes, untill 2014

6.85

470

yes

6.9

yes, since 2014
no

paddy field

Mn

Na

0.4

NH4+

F-

Al

As

Ba

Cd

Cu

Cr

200

1.5

900

10

700

3

2000

50

Co

Ni

Pb

Sr

V

10

Zn

3000

0.18

2.09

4

0.07

7

0.15

33.1

<2

31.6

< 0.02

1.06

< 0.07

0.15

< 0.13

0.10

54.4

<2

< 0.20

< 0.05

2.13

4

0.00

7

0.24

60.1

<2

14.0

< 0.02

0.24

< 0.07

0.04

< 0.13

< 0.06

50.5

<2

< 0.20

62

2.10

1.52

18

0.61

105

1.13

220

<2

157

0.08

381

2.60

0.95

3.65

19.6

305

5.84

169

10

0.23

2.20

4

0.12

7

0.24

47.0

<2

37.6

< 0.02

< 0.12

< 0.07

0.20

< 0.13

0.61

55.4

<2

< 0.20

<1

6

0.02

9

0.30

5.37

<2

77.1

< 0.02

< 0.12

< 0.07

0.15

0.16

< 0.06

184

5.08

< 0.20

1.94

27

0.31

79

1.01

7.69

<2

208

< 0.02

< 0.12

0.41

0.53

1.67

< 0.06

515

8.47

< 0.20

<1

17

0.04

21

0.93

3.35

<2

90.6

< 0.02

< 0.12

0.08

0.16

2.02

< 0.06

449

8.52

< 0.20

< 0.05

<1

13

0.14

29

0.40

18.3

<2

148

< 0.02

< 0.12

0.53

0.25

1.47

< 0.06

586

5.37

< 0.20

46

2.81

<1

10

0.14

42

0.40

131

<2

131

0.02

288

0.87

0.78

1.99

37.2

393

2.81

116

102

8

0.10

2.01

3

0.08

7

0.12

42.7

<2

26.3

< 0.02

< 0.12

< 0.07

0.14

< 0.13

0.84

45.7

<2

< 0.20

6.8

7

< 0.1

< 0.05

<1

< 0.05

< 0.06

<1

0.04

< 2.56

<2

<2

< 0.02

0.34

< 0.07

< 0.01

< 0.13

< 0.06

<2

<2

< 0.20

6.8

177

14

0.05

3.81

6

0.02

12

0.19

28.5

<2

38.4

< 0.02

0.29

< 0.07

0.13

< 0.13

< 0.06

84.6

2.51

< 0.20

?

8.1

644

34

27

1.25

4.15

15

0.16

78

0.35

1026

<2

200

0.03

5.44

1.04

1.68

1.50

1.28

399

11.5

< 0.20

shallow well

yes

7.6

685

32

53

< 0.05

1.62

36

0.02

45

0.70

4.95

<2

217

< 0.02

< 0.12

0.08

0.04

0.13

< 0.06

252

15.7

< 0.20

shallow well

yes

7.2

302

30.5

27

0.23

<1

13

0.03

18

0.39

6.13

<2

62.9

< 0.02

< 0.12

< 0.07

0.19

0.27

< 0.06

129

9.45

< 0.20

shallow well

yes

6.7

442

31.5

42

< 0.05

<1

21

0.01

15

0.45

12.4

<2

117

0.02

< 0.12

0.08

0.05

0.85

< 0.06

181

12.7

< 0.20

shallow well

untill 1991

7,4

720

31.4

58

0.09

<1

26

0.21

78

1.14

9.84

<2

204

< 0.02

< 0.12

0.07

0.25

1.03

< 0.06

282

10.5

< 0.20

shallow well

from 1991

7.3

697

30.4

43

< 0.05

1.33

28

0.04

78

1.56

15.5

<2

248

0.03

< 0.12

0.12

0.11

0.87

< 0.06

237

23.8

< 0.20

shallow well

yes

6.8

598

30.3

42

< 0.05

<1

26

0.07

52

0.86

3.00

<2

102

< 0.02

< 0.12

0.17

0.21

0.84

< 0.06

159

13.4

< 0.20

Tube well, intake WSS depth 160 ft

yes

6.6

675

29.6

73

0.13

1.11

15

0.00

54

1.09

< 2.56

<2

148

< 0.02

< 0.12

0.11

0.02

0.99

< 0.06

505

8.21

25.9

surface water, treated

24

< 0.05

4.34

16

0.02

46

0.22

620

<2

155

< 0.02

< 0.12

0.23

0.11

0.81

< 0.06

427

<2

< 0.20

tap (source = DRR 32)

48

< 0.05

2.74

24

0.02

70

0.68

51.4

<2

267

< 0.02

1.67

< 0.07

0.72

10.3

< 0.06

591

7.50

2.09

tea

49

0.25

160.00

16

1.09

35

0.90

3849

<2

33.7

0.06

161

0.76

0.75

24.3

0.28

154

<2

100

g/l

0

67.83

<1

< 0.05

0.32

2

< 0.05

46.5

<2

26.1

0.05

51.8

94.1

2.59

38.8

15.2

4.26

24.0

< 0.20

g/kg

2

452.20

<1

0

2.13

12

0

310

< 13.3

174

0.33

345

627

17.3

259

101

28.4

160

< 1.33

well is abandoned

River bed filtration; RO
depth 30 ft
feed
River bed filtration; RO
permeate
River bed filtration; RO
concentrate

117

Mg

11

(Water supply scheme;
no
source = DRR 9)
constructed in 2016,
no
only used for bathing

7.5

K

10

tube well

Sri Lankan tea (Dilamah)

100

tap

dug well

Paddy fields on the way to
Ambagahawewe
Ambagahawewe (Anuradhapura)
(Anuradhapura)
Village AmbagahaweweAnuradhapura
Village -Anuradhapura: shallow dug
well
Village -Anuradhapura: shallow dug
well
Village -Anuradhapura: shallow dug
well
Village -Anuradhapura: shallow dug
well
Village -Anuradhapura: shallow dug
well
Village Kahatgas Digihillia
Kahatgas
Koonwewa -Anuradhapura - deep
Anuradhapura
WTP Anuradhapura; Treated Water
WTP
Drinking water tap hotel in
Anuradhapura
Anuradhapura

Fe

(Water supply scheme; yes (same source also
used before WSS in 2010)
source = DRR 4)

tap

??

Ca

30

30

Solid phase samples

06/04/2016

29

06/04/2016

29

Legend
<10% of MAL

Village Kahatgas Digihillia
Koonwewa -Anuradhapura - deep
Kahatgas
tube wellSolid deposit from the deep
well pump (mg/L)
Solid deposit from the deep well
pump (mg/kg)

10% - 50% of MAL

DRR mission Sri Lanka
Scoping mission on CKDu

solids from tube well
pump

UNITS = g/l

ibid

UNITS = g/kg

50% - 100% of MAL

100% - 200% of MAL

>200% of MAL

33

WHO guideline value

Taste threshold

