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Abstract Farming is the major source of income for the
villagers of North-central Sri Lanka. However, chronic
kidney disease of unknown etiology is a major health
hazard in the area and it is assumed that agricultural contaminants are the major causative agents. This study
focuses on the geochemistry of soils in the area to determine possible natural and anthropogenic impacts of the
problem. X-ray fluorescence analysis was used to determine the abundance of selected major and trace elements.
Results show that geo-enrichment for many elements
indicates slight to significant variations between agricultural and non-agricultural soils. Geoaccumulation index
(Igeo) shows higher pollution levels of Pb and V
(2 \ Igeo \ 3) and very lower pollution levels of As, Zn,
Cu, Fe and Mn (1 \ Igeo \ 2) in agricultural soils. However, Igeo for non-agricultural soils implies lack of contaminations (Igeo \ 1). Positive correlations of As with Pb
and Zn and negative correlations with Cu, Ni and Cr suggest that they may have derived from different sources such
as sulfide minerals of basement rocks, fertilizers and
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agrochemicals. The results of this study suggest that there
is no significant threat from As and other trace elements to
soils. The accumulation of these elements in agricultural
fields may have been effectively controlled by seasonal
farming practices. However, there is a potential environmental risk from elements such as Pb and V due to their
significant enrichment in soils.
Keywords Geochemistry  Arsenic  Trace motels 
Agriculture  Contamination

Introduction
Heavy metals and As are found as trace constituents in
nature. Rocks and soils approximately consist of 2 and
5 mg/kg of As (Peterson et al. 1981; Rudnick and Gao
2005) and heavy metal concentrations are highly variable.
Agrochemicals and fertilizers can also elevate As levels in
agricultural soils together with Pb, Zn, Cu, Ni and Cr
(CCME 1991). Further, sediments act as sink for As and
other toxic elements (Guern et al. 2003), and the fate of
trace metals is dependent on the biogeochemical transformations that occur in sediments (Peltier et al. 2003).
Arsenic and trace metals can effectively be mobilized by
weathering and microbial activities (Garcia-Sanchez and
Alvarez-Ayuso 2003). Elevated concentrations of As, Pb,
Zn, Cu, Ni, Cr and V are commonly present in the silt and
clay fractions, probably due to high adsorption capacity of
finer particles (Ahmed et al. 2010). Redox condition and
possible carrier phases are the major controlling factors for
the mobility and toxicity (Fabian et al. 2003). Also,
mobility of As is strongly controlled by the adsorption of
As on oxides and hydroxides of Fe and Mn (Manning and
Goldberg 1997; Sullivan and Aller 1996; Wang et al.
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2012). However, absorption process of As depends on the
activity of P in the soil due to their similar chemical
behavior (Dzombak and Morel 1990).
Arsenic contamination has been reported in soils and
groundwater in many regions of the world (Acharyya et al.
1999; Smedley and Kinniburgh 2002; Ahmed et al. 2010;
Akter and Ali 2011). Arsenic content in groundwater of
those countries exceeds the limit of World Health Organization (10 lg/L; WHO 2004). Consequently, As-rich
water has been used in agriculture thereby creating a
potential risk for food production (Ahmed et al. 2006).
Many factors in soils influence the amount of As and
trace metals available for plant uptake (Mahimairaja et al.
2005). They include soil microbes, organic matter, redox
potential and pH. Trace metals in irrigation water is
absorbed by the topsoil and gradually enriched over time
(Meharg and Rahman 2003; Norra et al. 2005; Roberts
et al. 2007). Accumulation is more remarkable in soils of
rice fields since topsoil servers as a puddle to hold water on
the surface. Under such circumstances, trace elements
mainly occur in a form in which more bioavailable fractions are present (Abedin et al. 2002; Saha and Ali 2006).
Despite public debates on trace metals and As contamination from fertilizers and agrochemicals (Fernando 2011;
De Silva et al. 2011), higher concentrations of such elements in water and soil had not been recorded before.
Many studies have been carried out worldwide to determine the effect of anthropogenic and natural processes for
possible enrichment of toxic trace metals including As in
soil, water and plants (Abedin et al. 2002; Meharg and
Rahman 2003; Rahman et al. 2007). However, only few
studies were carried out aiming at identifying possible
human harmful trace elements in agricultural and nonagricultural soils in Sri Lanka (Chandrajith et al. 2005;
Bandara et al. 2008), and none of them focused on the
occurrences and mobility of As and trace metals in the soil.
Therefore, the aim of this study was to investigate geochemistry of agricultural and non-agricultural soils to
determine the provenance of trace metals and As contamination and to study the mobility of these elements in
natural environment.

Physical settings of study area
A field survey was carried out in the areas of wet, intermediate and dry zones of Sri Lanka (Fig. 1). The mean
annual rainfall in the wet and intermediate zones is higher
than that of the dry zone ([1,500 mm) and its average
annual temperature is low (25 °C). Most of the harmful
contaminations are usually reported in the dry zone. The
dry zone is typically influenced by the tropical climate with
a lower mean annual rainfall (\1,500 mm) and higher
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average annual evaporation (1,400 mm). Its average annual
temperature is 33 °C, and average annual sunshine is
2,555 h (Chandrapala and Wimalasuriya 2003). Main
groundwater bearing formation of the country is shallow
and deep regolith within the river and tank cascade system
(Vitanage 1970; Fig. 1). Alluvial aquifers are also present
along flood plains of rivers (Panabokke and Perera 2005).
Paddy cultivation is dominant in these areas and is practiced throughout the year mainly in two seasons: Maha,
(September–March) and Yala, (May–August). Water
required for paddy cultivation is received from the rain-fed
irrigated sources. During the cultivation period, the soil is
inundated with water, a process which facilitates to
mobilize some trace elements.
Dry zone soils differ from those of the other parts of the
country due to lower weathering intensity and they are
predominated by montmorillonite-kaolinite clays (chemical index of alteration (CIA) \60; Jayawardana and Izawa
1994; Fernando et al. 2001). The soils are typically Feenriched products, deficient in exchangeable cations
(Shamshuddin et al. 1995). Conversely, the wet zone is
characterized by relatively higher weathering intensity
(CIA [ 60; Fernando et al. 2001) with gibbsite-kaolinite
clays. There is a progressive disappearance of calcareous
materials and development of gibbsite from dry to wet zone
and progressive appearance of montmorillonite from wet to
dry zone (Herath 1973). Residual soils in these zones have
been formed from a variety of rocks such as high-grade
meta-igneous rocks and subordinate meta-sedimentary
rocks. Non-agricultural soils are essentially immature
unconsolidated fine-grained sandy clay loams (Herath
1984). No clear contrast exists among the soil horizons and
they consist of layers rich in organic matter in the upper
zones. However, the underlying zones are moderately
weathered sandy clay loams which contain many primary
minerals and rock fragments. Paddy is the predominant
agricultural practice in the region. Paddy soils are mostly
consolidated fine-grained clay loams and lower level of
sand and primary minerals are also present. However,
organic matter contents of the paddy soils are relatively
high. Those textural differences result in increased water
bearing capacity in agricultural soils rather than non-agricultural soils.
The chemical composition of basement rocks in the
region indicates a bimodal distribution with a marked gap
in SiO2 content between 57 and 62 wt%, and significant
enrichment of Fe2O3, TiO2, MnO, P2O5 and Sr (Pohl and
Emmermann 1991). Basement rock of the country is presumably formed by the subsidence of granitic Archean
crust in a marine basin; thus, concordant meta-sedimentary
rocks with meta-igneous rocks are formed under granulitefacies conditions (Dissanayake and Munasinghe 1984).
Thereby, locally developed mineralized zones are available
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Fig. 1 Map showing the
location of sampling sites, river
and tank cascade system.
Dashed lines denote climatic
boundaries, field circle denotes
sample locations

throughout the crust particularly extensively develop mineralized belt present in north-eastern and eastern sectors
with enrichment of Cu, Zn, V and Pb associated with
sulfide minerals (Dissanayake and Weerasooriya 1986).

Methodology
Geochemical analysis of soil samples
Sampling was carried out between the Maha and Yala
seasons when agricultural soils are dry and oxic (Mayer
and Conrad 1990). Initial field excursions were done for the
selection of sampling sites in wet, intermediate and dry
zones of the country. Surface soil samples (20–30 cm
depth) were collected from agricultural and non-agricultural lands, especially from Madirigiriya, Talawa and
Padaviya (Fig. 1). Soil samples were packed into zip-lock
bags and preserved in a 10 °C cooling box. The samples
were analyzed for major and trace elements by X-ray
fluorescence spectrometry (RIX 2000) at the Department of

Geoscience in Shimane University, Japan. Splits of each
sample were oven-dried for 48 h at 160 °C. 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 oxides (Fe2O3, MnO and P2O5)
and trace elements (As, Pb, Zn, Cu, Ni, Cr and V) using
powder diffraction method (Tankersley and Balantyne
2010). Average error for these elements is less
than ± 10 %.
Water quality analysis
Groundwater analysis was carried out for selected water
samples of given locations in wet, intermediate and dry
zones (Fig. 1). Samples were mainly obtained from shallow regolith aquifers, their average depth being 30 feet
(range 10–45). One hundred and fifty samples (150) were
analyzed from domestic water production wells and agricultural wells. Arsenic was tested using a field test kit
introduced by Asian Arsenic Network Forum (AAN) for
As analysis in groundwater (Hironaka 2000). Detection
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contaminated (0 \ Igeo \ 1), moderately contaminated
(1 \ Igeo \ 2), moderately to heavily contaminated
(2 \ Igeo \ 3), heavily contaminated (3 \ Igeo \ 4),
heavily to extremely contaminated (4 \ Igeo \ 5) and
extremely contaminated (Igeo [ 5).
Enrichment factor
The following formula was used to calculate the general
enrichment factor (EF) of elements in both the agricultural
and non-agricultural soils to study the average enrichment
compared with Upper Continental Crust (UCC; Rudnick
and Gao 2005) for the elements:
n
1X
Xi  Xb
EF ¼
;
n
Xb
i¼1

Fig. 2 Line plot with respect to sample ID showing the As
concentration of soils in Madirigiriya, Talawa and Padaviya

limit for analysis is 10 lg/L. The nitrate, phosphate, iron
and chemical oxygen demand (COD) were analyzed using
field titration techniques of the naphthylethylenediamine
method after zinc reduction, molybdenum blue color
comparison method, reduction 0-phenanthroline color
comparison method and alkaline potassium permanganate
oxidation method, respectively. Detection limits for nitrate,
phosphate, iron and COD are 1, 0.2, 0.2 L and 1 mg/L,
respectively.
Horiba multi-parameter meter D-series was used for the
study of physico-chemical properties such as pH, dissolved
oxygen (DO), oxidation reduction potential (ORP) and
electric conductivity (EC). Average accuracy for the analysis for pH, DO, ORP and EC are ± 0.1, ± 2 mg/
L, ± 20 mV and ± 0.5 lS/cm, respectively.
Geostatistical analysis
Geoaccumulation index (Igeo)
The index of geoaccumulation (Igeo) introduced by Muller
(1969, 1981) was used as a measure of trace element pollution in soils:
Igeo ¼ log2

Cn
;
1:5  Bn

where Cn is the trace metal concentration in a sample and
Bn is the measured concentration of the element ‘n’ in
unpolluted sediments. The factor 1.5 is used because of
possible variations of the background data by lithogenic
effects. The index was categorized into seven groups:
uncontaminated (Igeo B 0) unpolluted to moderately
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where Xi is the soil concentration, Xb is the regional
background concentration, and n is the number of samples.
Pollution load index
The following formula was used to calculate the pollution
load index (PLI) of the elements in agricultural and nonagricultural soils for study the overall pollution level:
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
PLI ¼ n ðCF1  CF2  CF3      CFn Þ;
where CF is contamination factor and n is number of
metals. The PLI index value of [1 is polluted conversely
PLI index value of \1 is non polluted.

Results and discussion
Average concentrations of As, Fe, Mn, P, Pb, Cu and Ni of
the agricultural soils in Madirigiriya, Talawa and Padaviya
areas are slightly higher than those of the non-agricultural
soils while the average abundances of Zn, Cr and V are
significantly high (Table 1).
Average content of As in all analyzed groundwater is
below the WHO guidelines for drinking water (Table 2)
and pH is neutral to slightly basic. Positive ORP and higher
DO of water reflect the prevailing oxidizing conditions in
the aquifers. Values of nitrate, phosphate, iron, COD and
EC comply with the lower value of As.
The plot of As abundance versus sample ID reflects
most of the soil samples as having lower levels of As (Fig.
2). Further, the figure shows around 60 samples are below
the 5 mg/kg level and only seven samples reflect higher
values with respect to the background level (UCC). This
implies that the possibility of As accumulation due to
agricultural activities is very low.
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Table 1 Statistical summary of trace and major element abundance in agricultural and non-agricultural soils in Madirigiriya, Talawa and
Padaviya
Fe2O3
(wt%)

MnO2
(wt%)

P2O5
(wt%)

As
(mg/kg)

Pb
(mg/kg)

Zn
(mg/kg)

Cu
(mg/kg)

Ni
(mg/kg)

Cr
(mg/kg)

V
(mg/kg)

Agricultural soil
Madirigiriya
Avg
SD

6.8
3.2

0.16
0.04

0.23
0.07

3
2

21
10

75
16

25
10

40
16

123
44

168
86

Range

3.1–11.5

0.11–0.23

0.13–0.33

1–7

10–39

52–100

13–39

17–64

75–189

73–310

Talawa
Avg

6.3

0.15

0.13

5

28

77

23

30

78

179

SD

1.3

0.08

0.05

2

11

37

6

7

18

36

Range

4.6–8.2

0.07–0.37

0.06–0.21

3–8

16–50

35–150

13–34

14–38

61–109

133–237

Padaviya
Avg

12.6

0.17

0.22

5

32

92

67

54

212

361

SD

3.3

0.1

0.08

7

43

47

34

27

98

155

Range

8.1–20.2

0.01–0.34

0.1–0.37

1–24

7–163

24–226

26–164

11–111

82–451

169–810

Non agricultural soil
Madirigiriya
Avg

4.8

0.11

0.16

2

15

49

19

24

95

132

SD

2.8

0.05

0.05

1

3

20

10

13

37

73

1.9–11.5

0.03–0.23

0.11–0.33

1–4

10–19

16–79

7–39

11–54

57–189

62–310

Range
Talawa
Avg

5.6

0.1

0.11

3

19

48

21

26

73

156

SD

0.7

0.03

0.02

1

3

7

6

5

9

21

Range

4.8–6.5

0.06–0.14

0.07–0.14

2–4

15–23

38–61

14–32

18–34

63–90

118–185

Padaviya
Avg

7.6

0.15

0.19

2

13

69

26

36

113

203

SD

2

0.05

0.09

1

4

26

12

15

36

68

Range

5.0–10.5

0.08–0.23

0.10–0.38

1–3

7–18

28–113

2–41

18–76

72–211

103–304

Level of enrichment and geo-available of trace element
The values of enrichment factor for the studied elements
are given in the Table 3. Average upper continental crust
values were used as threshold value for the calculation.
Abundance of all analyzed elements except As and nickel
reflects slight enrichment in agricultural soils compared
with other soils. Enrichment factor shows a significant
enrichment for V and Fe and slight depletion for As and Ni
in the agricultural soils. Also, As, Pb, Zn, Cu and Ni levels
in non-agricultural soils are slightly depleted whereas Cr,
V, Fe, Mn and P concentrations are slightly enriched.
Geoaccumulation index (Igeo) for non-agricultural soils
ranges in negative values indicating lack of contamination in
terms of trace metals (Table 3). However, Igeo index for
measured elements in agricultural soils is slightly higher and
ranges from slightly negative to positive. The values for As,
Zn, Cu, Cr, Fe and Mn of some agricultural soils are in the
range of slightly negative to 2 and it implies uncontaminated
to moderately contaminated soils for these elements.

However, elements Pb and V show Igeo index range from
slightly negative to 3 implies uncontaminated to moderately
to heavily contaminated agricultural soils. Possible accumulation of Ni and P due to agricultural practices has not
been indicated as their Igeo index for them is below 1. Even
though, Igeo index of agricultural soils is much lower than the
threshold values (Igeo index [4) introduced by Muller
(1981), these values show that the agricultural practices
enhance the accumulation of trace metals in farmlands.
Moreover, enrichment factor and pollution load index
clearly reveal that there is no overall metal pollution in both
agricultural and non-agricultural soils.
Relationships of trace metals with arsenic
Arsenic in soils shows strong positive correlation with Pb
and weak positive correlation with Zn (Fig. 3) and it may
be due to their strong affinity with sulfide minerals or clay
(Garcia-Sanchez and Alvarez-Ayuso 2003). Copper and Ni
show weak negative correlation with As and it may be due
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Table 2 Hydrogeochemistry of groundwater from Dry, Intermediate and Wet zones in Sri Lanka
pH (lS/cm)

EC (lS/cm)

ORP (mV)

DO (mg/L)

COD (mg/L)

NO3- (mg/L)

PO43- (mg/L)

Fe (mg/L)

As (lg/L)

Total (n = 145)
Avg

7.2

2.40

113

4.6

6

2.7

1.0

0.5

Min

4.0

0.16

2

1.8

1

1.0

0.5

0.2

Max

8.2

24.00

223

9.2

18

15.0

5.0

8.0

SD

0.5

3.95

68

1.7

3

3.7

0.9

1.3

\10

Dry zone (n = 75)
Madirigiriya
Avg

7.4

1.12

131

4.5

7

3.0

1.9

2.5

Min

7.2

0.54

120

2.1

1

1.0

0.5

0.2

Max

7.9

2.11

140

7.2

18

15.0

SD
0.2
Talawa

0.48

7

1.5

8

5.3

5

8.0

2.1

3.7

\10

\10

Avg

7.1

1.01

167

4.5

7

1.7

0.9

0.8

Min

5.9

0.16

2

1.8

4

1.0

0.5

0.2

Max

8.2

3.25

223

9.0

18

15.0

2.0

8.0

SD

0.5

0.71

41

1.6

3

3.4

0.4

1.3

Avg

7.1

1.05

147

5.2

5

1

\0.5

\0.1

\10

Min

6.6

0.51

107

1.8

6

1

Max

7.7

2.27

184

9.2

10

SD

0.4

0.54

23

2.1

\10

Padaviya

1

1.8

1

Wet zone (n = 70)
Avg

7.1

4.69

125

4.2

6

2.4

1.2

0.4

Min

4.0

0.23

15

1.8

1

1.0

0.5

0.2

Max

7.8

24.00

184

6.2

15

8.0

2.0

1.5

SD

0.7

5.77

55

1.6

4

2.3

1.2

0.5

Table 3 Geoaccumulation index, enrichment factor and pollution load index for the agricultural and non-agricultural soils in Madirigiriya,
Talawa and Padaviya
As

Pb

Zn

Cu

Ni

Cr

V

Fe

Mn

P

Min

-0.32

-0.21

-0.56

-0.40

-0.49

-0.53

Max

1.72

2.67

1.17

1.97

0.66

1.71

-0.49

-0.43

-0.36

-0.40

2.47

1.42

1.30

0.76

-3.32

-2.00

-2.64

-4.32

-7.06

-0.74

-0.30

-0.56

-0.40

-0.54

-1.25

-1.25

-2.00

-4.32

-1.89

-0.56

-0.69

-0.45

-0.41

-0.49

Geoaccumulation index
Agricultural soil

Non-agricultural soil
Min
Max
Enrichment factor
Agricultural soil
Non-agricultural soil

0.27

0.42

0.19

0.26

0.13

0.53

1.50

0.79

0.54

0.28

-0.57

-0.12

-0.17

-0.21

-0.41

0.02

0.64

0.16

0.18

0.04

Pollution load index
Agricultural soil

0.38

Non-agricultural soil

0.11
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Fig. 3 Correlation diagrams for
sulfide minerals associated trace
elements (Pb, Zn, Cu and Ni)
with As for Madirigiriya,
Talawa and Padaviya soils.
Fitted regressions are for the
total soil samples

to lesser abundance of those elements in sulfide minerals of
the basement rocks. Only a small number of samples shows
enrichment of As compared with the background level
(5 mg/kg; UCC). However, concentrations of Pb, Zn and
Cu in most samples show relatively higher values than the
UCC. These elements are fairly mobile in natural system
and their enrichment may be due to agricultural activities.
Conversely, As has not been accumulated in the area and it
may be due to its anionic behavior in nature.
Elements Cr, V, Fe, Mn and P show weak negative
correlation with As (Fig. 4), may be due to their lower
mobility with respect to the As. However, most of the
samples are strongly enriched with those elements compared with the background concentrations (UCC). Application of agrochemicals including fertilizer, consecutive
farming throughout the year and intense watering could be
suspected causes. Further, enrichment of Fe, Mn and V
may have been associated with weathering of Fe-Mn-V
rich garnet in the basement rocks (Lee et al. 1963).
Influences of agriculture on trace elements in soil
Composition of soils from agricultural and non-agricultural
regions shows that there is no significant threat due to

accumulation of As. Geoaccumulation index also shows
lower human harmful levels and groundwater is also not
contaminated up to quantifiable levels (Tables 2, 3). Further, lower abundance of nitrate, phosphate and iron in
groundwater shows the weak implications from fertilizers
and/or pesticides (Table 2). Arsenic is usually available in
groundwater and soils from anthropogenic sources if the
soil and water occur under anoxic conditions (Abedin et al.
2002; Saha and Ali 2006). Also, the irrigated water for
cultivated lands of some countries contains higher levels of
As (Smith et al. 2008). In contrast, prevailing oxic conditions in water and soil and unnoticeable concentrations of
As in water do not contribute towards the accumulation of
As in farmlands. Therefore, it can be assumed that there is
no possible impact of As contaminations on agricultural
fields. Also the farming methods of the country may help to
control the accumulation of As in soils and water. If
arsenic-rich chemicals are added to surface soils of agricultural fields, they mix well with subsurface soils during
the land preparations for crops. During this period, oxic
conditions can generate due to loosening of soil. In contrast, the soil is submerged during the cultivation period
providing anoxic conditions. Therefore, the existing
inconsistent conditions (seasonal farming practices) in
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Fig. 4 Trace and major elements (Cr, V, Fe, Mn and P)-As variation diagrams for Madirigiriya, Talawa and Padaviya soils. Fitted regressions
are for the total soil samples

paddy fields do not facilitate the accumulation of As in the
environment. Moreover, the significant enrichment of Pb,
Zn, Cu, Cr, Fe, Mn and P in some samples compared with
the background level (UCC), especially in agricultural soils
(Fig. 3), implies that the soil contamination can take place
in terms of these elements rather than from As. Moreover,
these elements are present as cations, predominantly in
clay minerals and do not leach readily into water like As.
Thus, accumulation of these in soil can create a vital
environmental threat. However, geoaccumulation index
indicates that the pollution is still below the human harmful
level. Vanadium shows stronger enrichment than the UCC
in both agricultural and non-agricultural soils, higher V
being mainly associated with natural causes. However,
anthropogenic influences such as addition of fertilizers may
also support its enrichment. Higher concentration of V can
also create possible threats for human health. Weak and
negative correlation of these elements with the As further
implies us that As contamination is not significant compared with the other elements.
Bioavailable arsenic and trace metals
Consideration of the mobility of trace elements in soils is
essential since those can be bioavailable and toxic to plants
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and animals. Despite the average abundance of As is lower
in soils, it can locally be enriched under favorable conditions. For example, agricultural soils rich in organic matter
show higher values (24 mg/kg). In general, under reducing
conditions arsenate is reduced to toxic arsenite which
enhances the mobility of As from solid phase to water
(Manning and Goldberg 1997). However, soils and
groundwater of the present study show oxic conditions
which prevent the bioavailability of As (Table 2). In
addition, iron oxides act as a source for As due to coprecipitation under acidic to neutral pH with oxic condition
(Roberts et al. 2007; Dzombak and Morel 1990). Dry zone
of the country usually receives slightly acidic rains (Ileperuma 2000) and is covered by soils rich in iron oxides.
The prevailing condition is favorable for co-precipitation
of As in soil rather than being solubilized in water. Hence,
there is a reduced threat from As on the cultivation.
Results of this study indicate enrichment of Pb, Zn, Cu,
Cr, V, Fe, Mn and P and it seems to be more critical than
As in soils. Elements Pb, Zn and Cu can be derived from
the weathering products of opaque minerals, mainly found
in alkaline rocks of the basement. Significant accumulation
of these elements may be due to the application of fertilizers and/or pesticides (Geeson et al. 1998). In contrast to
As, mobility and bioavailability of these elements depend
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on their cationic nature rather than other prevailing conditions. Also some fractions of highly enriched Cr, V and
Fe can be bioavailable. The higher Cr in soils probably is
associated with fertilizer applications (Zaccone et al.
2010). Values of V in the soils exceeded the Canadian
environmental quality criteria for contaminated agricultural
soils (200 mg/kg: CCME 1991). Vanadium is more mobile
in natural or alkaline soils than the other metals (Brooks
1972). Therefore, it can easily leach into water and subsequently to plants.

Conclusions
The research revealed that As is not harmfully enriched in
agricultural soil, non-agricultural soil and groundwater in
the wet, intermediate and dry zones of Srilanka. Calculated
enrichment factor shows that Pb, Zn, Cu, Ni, Cr, Fe, Mn
and P are slightly enriched in agricultural soils than in nonagricultural soils while V, Fe, Cr and Mn are significantly
enriched. Enrichment of these elements is mainly due the
sulfide minerals of basement rocks and fertilizers and/or
agrochemicals. Geoaccumulation index (Igeo) also reflects
the influences of anthropogenic input on agricultural soil.
The bioavailability of redox-sensitive elements in soils and
water may have been effectively controlled by seasonal
farming. There is a possible threat from other harmful
elements such as Pb, Cr and V rather than As in the soils.
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