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Abstract Chronic kidney disease (CKD) is a major
health problem in the dry zone of Sri Lanka. Although the
precise figures are not known, number of patients suffering
from CKD has reached a crisis level during the last decade.
This study describes soil geochemistry of the affected
region to establish the etiology for the unresolved problem
of CKD. A field survey was carried out in 88 localities, and
concentrations of 16 major and trace elements from soil
samples were determined using X-ray fluorescence spectroscopy. It was revealed that the number of CKD patients
is high where elevated concentrations of soil vanadium
were observed. Further, V levels in nonagricultural soils of
CKD-reported sites have significantly exceeded the risk
level (200 mg/kg) given by the Canadian Environmental
Council. The strong enrichment of V in soil indicates that
its bioavailable fraction is also high. Besides the V of soils
studied, Fe and Cr contents are also contained to be high.
However, the values have not reached up to the threshold
levels. Moreover, the presence of lower concentrations of
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other harmful trace elements (F, As, Pb, Zn, Cu and Ni) in
the hotspots does not exhibit a significant impact on CKD.
Strong positive correlations of V with Fe, Cr, Ti and Ni
indicate that they may have derived from mineral phases of
weathered basement rocks. Further, ratios of the immobile
trace elements in soils studied illustrate that V is mainly
derived from parent meta-igneous rocks of basaltic
composition.
Keywords Vanadium  Kidney patients  Soil 
Geochemistry

Introduction
Presence of vanadium in soil has been considered as a
controversial problem for the last few decades owing to its
toxicological effects to humans, animals and plants (WHO
1988; Nriagu 1998; Assem and Levy 2009; Gummow
2011; Gad and Pham 2014). Long-term exposure to V has
toxic effects on respiratory and digestive organs, kidneys,
liver, skin and immune system of human beings (Evangelou 2002; Lin et al. 2004; Chan and Filgueira 2010; Rehder
2013), and the number of incidences has been increased,
especially in countries such as South Africa, China, Russia,
and the USA (Gummow et al. 2006). Research based on
animals revealed that damages of kidney and liver can
occur due to high levels of vanadium in water (Almedeida
et al. 2001; Ścibior and Zaporowska 2007). In addition,
plant growth can be limited by chlorosis and toxicity which
occurs due to higher intake of V (Poledniok and Buhl 2003;
Tian et al. 2014).
Vanadium is widely distributed in the lithosphere due to
diverse sources. Its average value in the earth’s crust is
97 mg/kg (Rudnick and Gao 2005). Iron-bearing minerals

123

Author's personal copy
Environ Earth Sci

of mafic rocks (600–4,100 mg/kg) and rock phosphates and
manufactured phosphate fertilizers (50–2,000 mg/kg) have
been reported higher values (Evans and Landergren 1978;
Nriagu 1998; Prytulak et al. 2013). An average content of
V in natural soil ranges from 10 to 220 mg/kg. Soil derived
from limestone contains higher values of V although peaty
soils have the least concentrations. Agricultural (200 mg/
kg) and contaminated urban (161 mg/kg) soils also show
relatively higher averages (CCME 1991; Poledniok and
Buhl 2003; Hernandez and Rodriguez 2012). Vanadium
concentrations in drinking water vary with redox potential
and can range from 0.2 to 100 lg/L; however, WHO
standard for drinking water of it should be below 0.10 mg/
L (WHO 1988; Pourret et al. 2012).
Environmental fate and behavior of V in soil are vital.
Vanadium can be accumulated in soil due to weathering of
parent rocks. It is not found in soil in metallic form and can
be present in several oxidation states as vanadates of Cu,
Zn, Pb, Fe, Mn and Ca (API 1985; Venkataraman and
Sudha 2005). Vanadium (?3) is relatively abundant in soil,
it is less soluble and less mobile than V (?4) and (?5). It
has been reported that V is highly mobile in slightly acidic
or alkaline conditions (Brooks 1972; Wright et al. 2014).
Iron oxides in soil can hold a substantial fraction of it and
can be released to plants gradually (Norrish 1975; Agnieszka and Barbara 2012). Vanadyl cation (VO2?) is an
important form of V in many soils that tends to mobilize as
complexes with humic acid (Bloomfield 1981; Novotny
et al. 2006; Wright et al. 2014).
People in the dry zone of Sri Lanka are facing severe
problem due to chronic kidney disease (CKD). Few
studies have been carried out to find out the causative
factors. Studies on rice and fish revealed that direct
intake of Cd and fluoride has an impact on CKD
although there is no threat from arsenic (Bandara et al.
2008). Chandrajith et al. 2010, 2011a showed that U in
fertilizer has a possible influence, and further indicated
that Cd would not be a contributing agent. Further,
Chandrajith et al. (2011b) suggested that Na? and Ca 2?
in fluoride-rich drinking water may have considerable
affinity on CKD. However, there are no strong evidences regarding the effect of Fe on kidney disease
(Bandara et al. 2008). Thereby, factors regarding CKD
in Sri Lanka are still highly controversial with uncertain
etiology. There may be several causes for the problem
due to complex geochemical processes with one or
more toxic elements. Moreover, genetic vulnerability of
the community is also considerable factor for CKD in
other parts of the world (O’seaghdha and Fox 2011). In
Sri Lanka, it is probably multi-factorial case such as
one or more environmental factor and possible genetic
predisposition (Wanigasuriya et al. 2007; Wanigasuriya
2012; Jayasumana et al. 2014).
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Vanadium potentially has an important environmental
risk (Lepp et al. 1995; Gummow 2011). However, occurrence of V in soils of Sri Lanka has not yet been investigated to date. Dissanayake and Weerasooriya (1985)
revealed the enrichment of V in dry zone water, thus there
is a possible threat on people from drinking water and
plants. Calc-silicate rocks and marbles of Precambrian
high-grade metamorphic rocks in the country may carry
higher concentrations of V as found in the other parts of the
world (Suwa et al. 1996). The present study was undertaken to investigate the geochemistry of the residual soils
in the CKD-reported rural districts in Anuradhapura, Polonnaruwa and Kurunegala. The main objectives are to
investigate (1) the provenance of higher V in soils and (2)
variation of V in soil with respect to the other associated
elements such as Fe, Cr and other trace elements with the
aim of investigating the link between CKD and presence of
V in soil.

Climate soils and basement rocks of the study regions
The dry and wet climatic zones of Sri Lanka are defined in
the country on the basis of climatic and ecological

Fig. 1 Geological map of Sri Lanka showing the sampling locations
(cross), climatic and district boundaries
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differences (Fig. 1). The dry zone is demarcated in the
north and eastern sectors that receives \1,750 mm mean
annual rainfall. The north–east monsoons, during October
to December, bring rainfall to the dry zone. Average annual
evaporation and temperature of the area are 1,400 mm and
33 °C, respectively. Relatively long dry period from May
to August is characteristic to the area. The wet zone
occupies the southwestern part of the country, which
receives about 2,500 to 5,100 mm mean annual rainfall
(Panabokke 1996; Chandrapala and Wimalasuriya 2003).
An intermediate climatic zone is recognized between the
wet zone and dry zone.
The distribution of soil types in Sri Lanka differs
according to the climatic conditions. In the dry zone, the
main soil group is well-drained reddish brown earths
associated with minor humic alluvial and red yellow latosols. The soils are mainly immature fine-grained sandy clay
loams which contain quartz, zircon, monazite, garnet,
biotite and hornblende as primary minerals (Jayawardana
et al. 2012). Secondary products of soils are montmorillonite as major clay mineral and organic substances (Herath 1984; Mapa et al. 2010). The wet zone is predominated
by red yellow podzolic soil with bog soils and sandy
regosols (Panabokke 1996). There is a progressive development of gibbsite and calcareous materials from dry to
wet zones (Herath 1973; Mapa et al. 2010).
More than 90 % of Precambrian basement of Sri Lanka
is covered by the high-grade metamorphic rocks, comprising of three main lithotectonic units known as Highland, Wanni and Vijayan Complexes (Fig. 1). Most
sampling sites are within the Highland Complex. Metabasites, charnockite, quatzofeldspathic and granitic gneisses
are the dominant rocks, whereas concordant meta-sedimentary rocks, such as meta-pellites and meta-arkoses are
also present (Cooray 1984, 1994). The Highland Complex
rocks display a pronounced Fe2O3, TiO2, P2O5, MnO, Zr,
Pb, Th, Sr and Nb enrichment, especially in alkaline rocks
(Pohl and Emmermann 1991).

Materials and method
Sample collection
In order to select the sampling sites, a preliminary investigation was carried out focusing on the distribution of
patients suffering from CKD in the dry zone. Soil samples
were collected from 88 selected locations during the dry
period (from March to April 2008) from Anuradhapura,
Polonnaruwa and Kurunegala districts (Fig. 1). Sampling
was done considering the incidence of CKD, and coordinates obtained from the global positioning system (GPSaccuracy ±2 m) were used for plotting the sample locations.

Soils in the agricultural and non-agricultural fields were
sampled from 15 to 40 cm below ground surface. In addition, exposed profiles were cut back with a shovel; few
samples were collected from the zone of accumulation.
The soils are immature and hence there is no clear
contrast in the soil horizons. The upper parts of the horizons consist mostly of organic matter-rich unconsolidated
loams. Composite samples were made from each location
for duplicate analysis considering both non-agricultural
and agricultural soils. The non-agricultural samples were
mainly from locations closer to wells used for domestic
purposes, and less-disturbed (pristine) soils from home
lands were also collected. Random samplings were carried
out both in CKD prevalent and non prevalent areas.
Geochemical analysis
The samples collected were transferred into zip-locked
bags and stored in cooling boxes at 10 °C to preventing
from contaminations and microbial activities. Major oxides
and trace elements selected (TiO2, Fe2O3, MnO, CaO,
P2O5, Ni, Cr, V, Sr, Y, Nb, As, Pb, Zn, Cu and F) were
analyzed by X-ray fluorescence spectrometry (RIX 2000)
at the Department of Geoscience in Shimane University,
Japan (Ahmed and Ishiga 2006; Ahmed et al. 2012).
Approximately 100 g of each sample was dried in an oven
at 160 °C for 48 h. The dried samples were later ground for
20 min in an automatic agate mortar and pestle grinder.
Powdered samples (\63 lm) were compressed into briquettes under a force of 200 KN for 60 s. The briquettes
were then analyzed for selected major and trace elements
using powder diffraction method (Tankersley and Balantyne 2010; Bong et al. 2012). Relative average error for
these elements is less than ±10 % (Parsons et al. 2013).
Statistical analysis
Minitab 14 statistical package (Minitab Inc.) was used for
statistical analysis of the geochemical data. Multivariate
principal component analysis (PC) was used to identify the
relationships between the elements, through the following
major steps: (I) normality test was carried out to determine
the data set; (II) the Pearson correlation matrix (p \ 0.01)
was calculated; (III) components that only accounted for a
small proportion in the data sets were discarded (Ouyang
2005); and (IV) PC 1 and 2 were calculated while maintaining an eigenvalue of greater than one.

Results and discussion
The basic statistical parameters for the elements analyzed
are given in Table 1. Among the districts studied,
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Anuradhapura showed higher contents of V (X = 278
mg/kg), where the highest concentration (820 mg/kg) was
also measured. Maximum measured concentrations of V in
the Polonnaruwa and Kurunegala districts are 310 mg/kg
(X = 125 mg/kg) and 237 mg/kg (X = 169 mg/kg),
respectively. Other than V, higher values of Fe2O3
(X = 11.19 wt%), CaO (X = 6.23 wt%) and P2O5
(X = 4.14 wt%), Cr (X = 137 mg/kg), Ni (X = 41
mg/kg) and Sr (X = 481 mg/kg) were measured from the
Anuradhapura district. In contrast, the mean values of those
elements are less in soils of Polonnaruwa and Kurunegala
districts (Table 1). Multivariate paired t tests using Minitab
14 software under 95 % confidence interval also show the
higher abundances of V (t = -5.09; p = 0.0001), Fe2O3
(t = -8.15; p = 0.0001), CaO (t = -2.92; p = 0.0001),
P2O5 (t = -2.54; p = 0.0001), Cr (t = -3.49;
p = 0.001), Ni (t = -3.77; p = 0.001) and Sr (t = -1.45;
p = 0.025) in samples of the Anuradhapura district. This
may be due to V in the soils mainly present as vanadates
(API 1985) which are associated with other elements.
However, according to Muller (1981) enrichments of Fe,
Cr, Ni and Sr have not reached the harmful levels. Average
concentrations of Y, Nb, Ti and Mn are rather similar in the
three districts (Table 1). Conversely, other possible harmful trace elements for CKD of unknown etiology, such as
As, Pb, Zn, Cu and F (Bandara et al. 2008; Chandrajith
et al. 2011a, b; Jayawardana et al. 2012), are at extremely
lower levels in the soils and water. Significant deference
(under 95 % confidence interval) was not observed for

most of the elements both in non-agricultural and agricultural soil. Only relatively higher values of V were measured from the non-agricultural samples.
Among all the study sites, the density of the patients
with CKD of unknown etiology is higher in the Padaviya
divisional secretariat division of the Anuradhapura district
(1,300 patients were recorded at the end of 2010).
Although many patients are found even at Madirigiriya in
the Polonnaruwa district (600 patients were recorded at the
end of 2010) and at Talawa in the Kurunegala district (500
patients were recorded at the end of 2010), density of
patients is much lower in those areas (De Silva et al. 2011;
Jayasekera et al. 2012).
Chemical data of the present study and the population
density of the patients with CKD of unknown etiology
show a positive correlation since higher number of patients
are recorded in the areas where soil V is strongly enriched
(Table 2).
Plots of sample number versus concentrations of V, Cr
and Fe show that the variations of all three elements are
similar (Fig. 2). It indicates that they may have been
derived from a single source or the mode of accumulation
of them is similar. Further, soils from all three regions are
characterized by pronounced enrichment of V with respect
to the upper continental crust (UCC) and the basement
rocks (Fig. 2). Also, the samples collected from patients
reported places are strongly enriched with V compared to
the threshold value (200 mg/kg) given by the Canadian
Council of Ministers of the Environment (CCME 1991),

Table 1 Statistical summary for trace and major element abundances of soils in CKD-reported districts of Anuradhapura, Polonnaruwa and
Kurunegala in the dry zone Sri Lanka
Trace elements (mg/kg)
As

Pb

Zn

Cu

Major elements (wt%)
F

Cr

Ni

V

Sr

Y

Nb

TiO2

Fe2O3

MnO

CaO

P2O5

Polonnaruwa (n=25)
Mean

3

17

56

20

112

95

27

125

364

14

6

0.71

4.79

0.11

2.13

0.17

Minimum

1

10

16

7

4

57

11

62

200

7

3

0.51

1.90

0.03

1.27

0.11

Maximum

7

39

100

39

411

189

54

310

756

23

9

1.04

11.46

0.23

4.23

0.33

Standard deviation

1

7

23

9

93

34

15

65

170

5

2

0.16

2.61

0.05

0.99

0.06

Mean

3

17

114

82

136

137

41

278

481

25

8

0.95

11.19

0.36

6.23

4.14

Minimum

0

7

24

2

21

4

4

82

11

5

1

0.04

5.01

0.01

0.54

0.10

Maximum

24

163

717

924

277

451

111

820

2349

80

27

2.11

25.24

7.40

34.39

34.48

5

27

114

150

74

95

26

164

525

20

5

0.44

4.65

1.18

8.92

9.66

Mean

4

24

63

22

113

75

26

169

311

18

15

0.90

6.00

0.12

1.49

0.12

Minimum

2

15

35

13

47

61

14

118

185

12

7

0.40

4.55

0.06

1.02

0.06

Maximum

8

50

150

34

222

109

38

237

397

24

24

1.17

8.20

0.37

2.08

0.21

Standard deviation
UCC

2
5

9
17

31
67

6
28

55
557

15
92

6
47

32
97

53
320

4
21

6
12

0.20
0.64

1.14
5.04

0.07
0.10

0.30
3.59

0.04
0.15

Anuradhapura (n=43)

Standard deviation
Kurunegala (n=20)
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Table 2 Summary for
abundances of vanadium,
chromium and iron in the soils
for CKD Hotspots in
Anuradhapura, Polonnaruwa
and Kurunegala districts

Location

V (mg/kg)
Range

Cr (mg/kg)
Range

Fe (wt%)
Range

Possible bioavailability
of V (mg/kg)

Madirigiriya yaya 8

307–83

189–74

11.4–3.1

42–12

Madirigiriya Balayawewa

163–74

84–68

5.5–2.8

23–10

Polonnaruwa

Madirigiriya Abagaswewa

133–67

107–57

7.2–2.4

19–9

Madirigiriya Meegaswewa

138–131

127–81

5.5–3.9

19–18

Padaviya

381–118

260–102

13.4–5.2

53–17

Padaviya-wewa

741–220

289–86

17.8–7.8

104–31

Anuradhapura

Possible bioavailability of
vanadium is calculated from
Teng et al. (2011), using
average proportion of
bioavailable fraction as a 14 %
of total vanadium for unpolluted
soils

Padaviya-Bisokotuwa

411–257

203–83

18.4–9.8

58–36

Padaviya-Ruwanpura

359–285

211–150

13.1–10.1

50–40

Padaviya-Bogashandiya
Padaviya-Bogashandiya 1

258–169
820–123

127–99
328–87

10.2–8.2
20.2–5.8

36–24
115–17

Padaviya-Pulmude road

448–196

291–130

13.7–6.6

62–63

Eppawala

131

24

13.6

18

Kurunegala
Talawa junction

173–154

78–65

6.4–4.8

24–22

Talawa

194–162

68–66

7.1–5.6

27–23

Siyabalangamuwa

182–141

72–71

6.5–5.1

25–20

Siyabalangamuwa wewa

232–219

108–98

8.0–7.8

32–31

specially in the Anuradhapura district. In addition, control
samples were analyzed around the sites where CKD cases
are reported. They also show the slightly higher level of
soil vanadium (Sample ID 3, 4, 5, 28, 30, 34, 35, 42, 43, 52,
53 and 54; Fig. 2). Samples collected from control sites are
usually non populated, however, due to unique provenance
for V in the region, those sites also recorded higher V
levels. Similarly, marked enrichment of Fe than the UCC
and the basement rocks is also a characteristic feature.
Despite, enrichment of Cr shows from most of samples
compared to UCC and the basement, that the values are
lower than the maximum limit (750 mg/kg) defined by the
CCME (1991). The sample collected from the location of
six patients with CKD of unknown etiology of a single
family (Sample ID 45) contains the highest V concentrations with relatively elevated Fe and Cr levels (Fig. 2).
Concentrations, sources and effects of elements
Pearson product moment correlation for the elements in the
soils was calculated. Strong positive relationships were
observed between the values of V with Fe (R = 0.90;
p \ 0.01), Ti (R = 0.71; p \ 0.01), Cr (R = 0.70;
p \ 0.01) and Ni (R = 0.70; p \ 0.01). This correlation
(Fig. 3) further confirmed a single provenance for these
elements since the ability for the mobilization of these
elements during the weathering processes is similar. Significant positive correlations also exist between Fe and Cr

(R = 0.42; p \ 0.01), Ti (R = 0.34; p \ 0.01) and Ni
(R = 0.46; p \ 0.01) in the soils. This further concludes
that those elements may have been released due to
weathering of Fe–Ti oxides bearing mafic rocks (Evans and
Landergren 1978; Nriagu 1998; Prytulak et al. 2013).
Lacking of significant correlations of V with Mn
(R = 0.05; p \ 0.01), Ca (R = -0.22; p \ 0.01) and P
(R = -0.19; p \ 0.01) indicates different sources for Mn,
Ca and P in the soils. Also the rate of mobilization of these
elements is different from the above elements. However,
strong positive correlation of Ca and P (R = 0.77;
p \ 0.01) may be derived from the weathering of carbonate
minerals and heavy minerals such as apatite, mainly in
Anuradhapura samples, and also may be due to accumulation of Ca and P from fertilizer applications (LópezLópez et al. 2012).
PCA is one of the most widely used tools in statistical
analysis. This method combines several correlated variables into a single component which represents the interrelationships among them (Jolliffe 2002). Thereby it has
been used to evaluate multi-element geochemical data of
various types (Ouyang 2005; Zuo 2011; Jayawardana et al.
2012). The positive loadings of the elements (V, Fe, Ti, Ni
and Cr) in the components indicate that they are derived
from mineral phases of the weathered basement complexes
(Fig. 4). The PC 1 accounts for 63 % and PC 2 accounts
for 23 % of the total variance, and which reflects the heavy
mineral association with the soils. Vanadium in PC 1 for
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Fig. 2 Concentration variation
diagrams for vanadium, iron and
chromium for the samples
obtained from Anuradhapura,
Polonnaruwa and Kurunegala
districts; UCC = average upper
continental crust (Rudnick and
Gao 2005; CCME 1991);
basement rock averages from
Pohl and Emmermann (1991),
charnockite (CHA), marble
(MAR) and granitic gneiss
(GNE); K kidney patients

the all three regions shows significant positive loadings
with Ni, Cr and Ti. Positive loading of V and Fe in PC 2
implies the weathering components of mineral garnet,
rutile, biotite, hornblende and pyroxenes in the areas of
V-enriched locations. However, Ti, Ni and Cr in PC 2 show
negative weights with V and Fe that may imply the variable
stability among the minerals. Because garnet and rutile are
considered as ultrastable minerals during weathering; and
biotite, hornblende and pyroxenes are considered as moderately stable minerals.
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Genesis of vanadium-rich soils
Enrichment of V in the dry zone of Sri Lanka is critical
because concentrations of V in soils are enriched with 1–8
times higher than that of UCC. It shows significant enrichment
compared to wet zone (Ranasinghe et al. 2008). Basement
rocks of the sampling sites are meta-basalts intermingled with
meta-sedimentary rocks of clastic sediments that were originally deposited in a marine basin (Munasinghe and Dissanayake 1980; Dissanayake and Munasinghe 1984).

Author's personal copy
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Fig. 3 Correlations between
vanadium and Fe, Ti, Ni and Cr.
Fitted regressions are for the
soil data in the CKD-reported
dry zone

Fig. 4 Score plot for the first two components of principal component analyses for the soil samples to discriminate major components.
Factors are determined from the Pearson product-moment correlation
matrix using Minitab 14 software

Relationships of immobile trace elements in weathered basement provide useful evidences on provenance
(Bhatia and Crook 1986). A Th/Ti–Zr/Ti diagram for
the soils (Fig. 5) clearly illustrates possible magmatic
contrasts of the basement of the dry zone. V-rich soils
are scattered in a wide range from high-alumina basalt
(HAB) to dacite (DAC) compositions. However, none
of the samples falls in the fields of granite (GRA) or
rhyolite (RHY) compositions. This may reflect that
meta-igneous rocks of basaltic composition could be
the possible source for V in the soil of the dry zone
since they contain higher levels of V (Evans and
Landergren 1978; Nriagu 1998; Prytulak et al. 2013).
Also, the weathering processes under tropical climatic
conditions may have enhanced the accumulation of V in
soil. However, the intense rainfall in the wet and
intermediate zones of the country may have prevented
the accumulation of V in the soil.
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Fig. 5 Th/Ti and Zr/Ti plot (after Roser 2000) to discriminate
possible source for the soil Stars denote igneous rock averages from
Condie (1993); HAB high-alumina basalt; LSA, AND, DAC, GRA
and RHY low-silica andesite, andesite, dacite, granite and rhyolite,
respectively

Bioavailability and mobility of vanadium and other
elements in soil
For predicting the environmental impact of elements,
information about the mobility is required (Kubová et al.
2008). Some fractions of a metal in soil are highly mobile
whereas others are in immobile phases. The mobile phases
of the elements in soil usually represent the potential bioavailability (Tokalioğlu and Kartal 2005). Basically there
are four major fractions of metals in soils, namely, acidsoluble, reducible, oxidisable and residual. The first three
phases are considered as mobile (Tokalioğlu and Kartal
2005). The residual phase of metal in soil is immobile
hence cannot be released under natural conditions (Narwal
and Singh 1998; Agnieszka and Barbara 2012). Teng et al.
(2011) showed that the mobile fractions of V in natural
soils are low (avg. 14 % from total V in soil) compared to
the residual fraction (avg. 86 % from total V in soil). And
they further elaborated that textural variation of soils do not
have any direct effect on the availability or mobility of V.
Approximate bioavailable fraction of V in studied soils
of the Anuradhapura district is in the range of 28–115 mg/
kg. The levels of it are mostly closer to 115 mg/kg in the
areas of incidence of CKD (Table 2) and have reached
comparable bioavailable fraction in polluted mining and
smelting sites in China (41–132 mg/kg; Teng et al. 2011).
Bioavailable V of soils from Polonnaruwa and Kurunegala
districts is in the range of 22–42 mg/kg, and these values
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also exceeded the reported values in the natural unpolluted
sites in China (10–28 mg/kg; Teng et al. 2011).
Mobility of V and associated elements are significant
since it has an apparent correlation with CKD cases in dry
zone Sri Lanka. Vanadium in soils is considered as significantly soluble in slightly acidic water (Brooks 1972;
Wright et al. 2014). During the rainy season, rain in the
area is slightly acidic (Ileperuma 2000). Hence acid-soluble
fraction of V in soils may significantly dissolve during the
rainy period. Thus bioavailable fractions of V in soil can
gradually increase and leach into water (Teng et al. 2011).
Also, V can further concentrate in the water during the dry
season due to draw down of water levels by evaporations.
Moreover, shallow groundwater and surface water in the
zone is oxic (Jayawardana et al. 2010), hence highly soluble and mobile vanadium (?4) and (?5) species can easily
survive in the water. Also oxic condition may help to form
highly mobile Vanadyl cation (VO2?) in the soils (API
1985; Bloomfield 1981; Novotny et al. 2006); since considerable levels of vanadium reported in water in the early
studies of the region (Dissanayake and Weerasooriya
1985). Possible accumulation of V in water can cause longterm effects on the biomass, especially on renal failures of
human and animals or limitation of the plant growth
(Evangelou 2002; Poledniok and Buhl 2003; Chan and
Filgueira 2010; Rehder 2013; Tian et al. 2014).
Iron also shows similar trend of enrichment in soils but
not significantly available in oxic water in the region
(Jayawardana et al. 2010) as it tends to be available in
water only under strong acidic and/or anoxic conditions
(Takeno 2005). Further, oxic conditions of shallow
groundwater and surface water in the dry zone do not
facilitate the enrichment of Fe in water. The behavior of Cr
in the studied soil is almost similar to V, however, there is
no possible link to CKD due to its lower concentrations. In
addition, As, Pb, Zn, Cu, Ni and F which are suspected as
possible toxic elements by other studies are in lower concentrations. This implies less impact of them on the CKD.

Conclusions
Geochemistry of residual soils showed a marked enrichment of V in the CKD present sites. The number of the
patients is also higher in those localities. Concentrations of
V of undisturbed soils from CKD recorded sites significantly exceeded the threshold values. Besides the V, Fe and
Cr are also enriched up to considerable levels, their concentrations have not reached harmful levels for human.
Since the bioavailable fraction of V in the study areas is
high, there is a possible threat on biomasses (plants and
animals), and it may contribute to CKD unknown etiology
in dry zone of Sri Lanka. Lower concentrations of other
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toxic elements in study area imply that the impact of these
elements on CKD is not considerable. Strong positive
correlation of V with Fe, Cr, Ti and Ni and positive
loadings of those elements with V in principal component 1
and 2 indicate that they are derived from mineral phases
such as garnet, rutile, biotite, hornblende and pyroxenes of
the basement rocks. Ratios of immobile trace elements
further conclude that soils have been developed from
basaltic source rocks having andesite to dacite
compositions.
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