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Spatial Analysis of Geochemical and Physiographical Parameters on
Chronic Kidney Disease in Medawachchiya DSD

K.A.K.C.Sriyani

ABSTRACT
CKD has been recorded in different forms in different parts of the world. Though

diabetes and high blood pressure have been identified as the general causes for the
illness, the form of disease found in tropical countries has not shown any correlation
with either of those causes. CKD in those parts of the world is often termed as “Chronic
Kidney Disease of Unknown Aetiology (CKDu)” because of its” unknown origin. In the
Sri Lankan context, worst conditions have been recorded from Anuradhapura district. It
has been identified that the occurrence of the illness is significantly influenced by
excessive levels of Total Hardness, Fluoride, Arsenic and Phosphate in drinking water.
Increased levels of those parameters in ground water sources are found to be created due
to extensive usage of agro chemicals. The research investigated the impacts of
geochemical and physiographical parameters on CKDu. The influences of ground water
flow were analysed by comparing the ground water flow model and the spatial

distribution of heavy metal particles in ground water.

Spot analysis test results with respect to above mentioned water quality parameters and
the actual locations of recorded CKDu patients in Medawachchiya DSD were used as
the indicative data for the analysis. Interpolation of spatial distributions of each water
quality parameter and preparation of “Ground Water Flow Model (Hydrologic Model)”
were done using appropriate GIS tools. The analysis revealed that the level of CKDu
vulnerability has increased in the downstream direction of the ground water flow. Areas
with high densities of agricultural fields were not always the most critical ones and the
areas located in the downstream direction of ground water flow paths have more often
indicated worst CKDu vulnerabilities. The results indicated increasing patterns for
heavy metal concentrations in ground water sources, in the direction of the ground water
flow path. Transportation of heavy metals via ground water and accumulation of heavy
metals in downstream areas have created ascending orders of CKDu vulnerability in the
downstream direction of ground water flow, which would occur in parallel to the

topographic slope of the land.

Keywords: CKDu; Total Hardness; Fluoride; Arsenic; Phosphate; Geochemical and
Physiographical Parameters; Ground Water Flow Model (Hydrologic Model)



CHAPTER ONE

INTRODUCTION

1.1. Introduction

Chronic Kidney Disease has been identified as one of the burning health issues in Sri
Lanka. The fatal nature of the disease and the unknown aetiology has drawn attention of
many medical researchers to conduct various kinds of researches and investigations on
the health hazard. It is reported that 80% of these patients eventually die from kidney

failure within first two years.

The disease has been recorded in different forms in several parts of the world. The sort
of disease found in Europe and North American regions, is identified to occur mainly
due to diabetes and hypertension. However, it is found that above mentioned reasons are
not the major causes for the disease in Asian and Central American regions. The disease
in such regions has been distinguished as a different variety for which the major causes
are yet to be precisely identified. Hence the disease in those regions of the world is
often referred to as “Chronic Kidney Disease of Unknown Aetiology (CKDu)”. Over
the recent few decades, the disease with unknown aetiology has emerged as a major
health concern in Sri Lanka also. The usual factors such as long-standing diabetes and
hypertension are not found to be the leading causes for CKDu in Sri Lanka. The
communities in the dry zone of the country, where there exists agriculture based socio
economic conditions have been severely affected by the illness. Accordingly, North
Central Province in Sri Lanka reports the highest number of CKDu patients and
mortality rates. It has been identified that the illness occurs as a result of some
combined effects of several adverse environmental conditions and such conditions are
all found to be created by human interventions. Majority of the community in those

areas fulfil their domestic water needs by using ground water sources.

It has been found that the form of disease prevailing in Sri Lanka has mainly occurred
due to some unique hydro geochemistry conditions of the drinking water. Many

investigations have revealed that the adverse hydro geochemical conditions are created



due to the extensive usage of agro chemicals in the agricultural fields. The fatal nature
and the possible interrelation between drinking water and the illness demand intensive
studies to be conducted with a view to identify suitable counter measures as well as

preventive measures against the widespread health hazard.

When considering about the spatial distribution of the illness over the island, some
localized areas (especially concentrated to the dry zone of the country) having high
density of CKDu victims have been identified. With the male people becoming victims

of the disease, almost all CKDu victimised families have faced so many financial crises.

Many researchers have revealed a direct link between the heavy metal molecules
(Cadmium, Arsenic, Zinc, Lead, Aluminium, Chromium, etc.) and the illness.
Chandrajith (2010) has mentioned that even though no single geochemical parameter
could be clearly and directly correlated with the aetiology of CKDu, the unique hydro
geochemistry of the drinking water is closely associated with the incidence of the

disease.

Another cause of CKDu as explained by Chandrajith ef al., (2011) is higher ratios of
Sodium/Calcium in drinking water with high levels of Fluoride. Similarly some
researchers have also stated that the cause for the disease may be associated with
Fluoride levels and hardness of water, while some other researchers have stated that the
cause for the disease is due to a complex chemical formed by a combination of the

above chemicals.

However majority of the findings of the previous researches lead to the conclusion that
heavy metal molecules are the major cause for the illness. Many case studies have been
conducted over the recent past in order to find out possible ways of intrusion of heavy
metal particles in to the human body. Groundwater is the main drinking water resource
and more than 85% of the drinking water requirements for the rural communities are
obtained from shallow and deep wells (Lasantha, 2008). With the prevalence of well-
established irrigation tanks covering almost the entire dry zone, the shallow
groundwater sources are known to be benefited by seepage from small tank cascade

systems located upstream (Panabokke, 2003).



After mamy years of researdnes, it has been found that heavy metal molecules enter to
the human bodly,, maimby wieedhihkingwesater. In most of the areas affécted by CKDu,
people use ground! water (im most of the cases by means of either shallow wells or deep
wedlls as descrilet] before) @as their major souceedf dinimkingg weber anat it has beem
figuneet ouit that the presemce of heavy metal particles in ground water sources has
become the major origin of the disease.

The probable causes for the illmess im Sri Lanka have baen idientifiet during tie time of
the literature review and those are explained in the following chapter of this report. This
ressaxcth lnas been canmiket] out baset an the assumptiion titat CKIDw osouss diue to the
pressnceof heavy metd partidbesim dinimking weter. n thet contiext, it is important to
idiemtiiffyy tie canetat ton Hactveeent bheditsessenaddagoouddwasterggablity . Thus for this
particutar reseaxth, tthe concentratoondf Insaxgy metdl partidbesim ground watar were
used as indiicative diata for CKDu vulnerability.

Simge the illness was severdhy recodddd durggtbeececant dieaddeor 9, it has been
figured out that the intrusion of heavy metal particles in to the natural water sources was
not purely a natural phenomeamnan. Thusit has been revesled that the intrusion of heavy
metdl particdbesiin to the water sources has happemnatl mainiky due to some Human
interventians. 1t has besn found that agrochemicas contimue to leach out to streams and
shallow wells, comtamimeting dhiinking weter souressiin tine areas affected! by chronic
kidinsy dissase of miultifactarnial origim (CK D-mifi9) (Susset. and Grathwaoll,. 2011;
Thompson e al., 2009). Many investigsiions antl case studiies have also revealed that
lang termn usage of agro chemicals (weedicidies andl pesticitias) as well as cthemical
fertilizer has crested] increasat] levels of heavy metal concentratioms in drinking water.
Furthaemmare, excessive amounts of agro dnemicads wsadl in agricultura fidds have been
found to reach the water sources by meams of ground water seapage as well as of direct
surface runoff. Being similar to other diseases, prevention is more importamt tham curing
for CKDu also. Even after several years of research studiies, medical imdiustry is yet to
imvent mediicine wiidh could cure the illness. That has created an iinevitable necessity
for the imtroductian of proper preventive measurss against the health hazard. Such
situation has demandied many investigiations to be comductad even beyond boundiaries of
medical and environmental disciplines.



