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ABSTRACT: In this research, soil samples of different places of Khuzestan province were
sampled. The sampling position was registered and determined through GPS. The geostatistics
and Geographic Information System (GIS) techniques were applied, and the lognormal kriging
were used to map the spatial patterns of the cadmium. Cd DTPA was fitted to the spherical model
with a range of 105 km, and Cd in rice seeds was fitted to the Gaussian model with a range of 100
km. The extractable soil cadmium and plant cadmium in total places were 273.56 and 81.42 µg/kg
respectively. Both Cd DTPA and Cd in rice seeds had moderate spatial dependence due to the
effects of natural factors including parent material, topography and soil type. The statistical survey
to determine the possible correlation between some soils characteristics with cadmium spread in
paddies done through SPSS statistical software (v17). The results showed that existed close
relationships between Cd in seed with OM (r = 0.376**), Cd DTPA (r = 0. 271*), pH (r = 0.280*)
and between Cd DTPA with TNV (r = 0.277**), Cd in seed with (r = 0.376**) and ECe (r =
0.435**). The geostatistical analyses and the probability calculation were carried out with GS+
software.

Key words: Cadmium, Geostatistics, Rice, Spatial variability, Soil Characteristics

INTRODUCTION

Heavy metals due to poisonous, accumulating
traits and long longevity in organism’s body are
considerably important. Soil and water resources
in many countries have been affected by heavy
metal contamination (Smith et al., 1998). Among
them, Cadmium (Cd) is very important due to its
more mobility and persistency in soil-plant system
which can endanger food chain more than other
metals. FAO organization and World Health
Organization (WHO) mentioned the acceptable
rate of cadmium entering to an adult human of
420 mg week-1 (JECFA, 1989). So, even the low

amount of cadmium in meal materials can causes
negative effects on human being health in long
time (Reilly et al., 2003). Cadmium can enter in
soil and water resources through different ways
especially human activity. For example fertilizer
application especially phosphate fertilizers, which
have Cd in the form of impurities, can
contaminate agricultural soils (Duruibe et al.,
2007 and Yu-sheng et al., 2010).

Plants are the main way of Cd transfer from
contaminated soils to humans. In a Cd
contaminated soil, plants can uptake more Cd and
accumulate it in different organs especially edible
parts (McBride, 1995). Soil factors affecting Cd
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absorption rate by plants and its entering into food
chain, include redox potential, soil pH, organic
matter, clay percent, electrical conductivity (EC),
and the amounts of chloride, carbonate calcium,
and Phosphate(Chaney et al., 1987; Appel et al.,
2002; Yu-sheng et al., 2010; Wei et al., 2009 and
Ghafoor et al., 2008). Also different plants have
various ability in Cd uptake from soil (Alloway,
1995).
One of the plants that grow in both reduced (i.e.
water logging soils) and oxidized condition (i.e.
after drainage and the drying of paddies) is rice.
Rice is the dominant staple food crop in
developing countries, particularly in the humid
tropics across the globe (Hossain, 2004). Almost
96% of the world’s rice is produced and
consumed in developing countries (Hossain,
2004), making up over 70% of the daily energy
intake (Phuong et al., 1999). The protein
component in rice (7–9% by weight) is relatively
low (Font et al., 2005), but it forms a major source
of protein (50%) in these countries (Phuong et al.,
1999). With food that is consumed in such large
amounts it is crucial to have information about its
toxic trace levels so that potential effects on
human health can be established. In water logging
soils, redox decrease. In this condition, Cd
availability decrease due to solid cadmium-
sulphate formation. After soil drainage and with
increasing redox potential, cadmium-sulphate
oxidizes and changes to cadmium (II) which
increases its availability in soil (McLaughlin et al.,
1999). Therefore, Cd uptake by rice plants may be
increased.

In the mentioned large-scale studies again
both the number of samples and studied area were
restricted, and the results cannot be generalized to
wider regions. Also, more studies were conducted
in wet lands where the soil and plant situations
were completely different from arid and semi-arid
regions. In addition, there are few large-scale
studies in which Cd uptake by rice seed and its
relationships with soil properties was evaluated. In
this study, a large-scale investigation was
conducted, using paired soil and rice seed samples
(n = 70). These samples were taken from a large
number of field sites located in 300 km2 with
different soil types of calcareous soils in arid
regions of Iran. The aim of the present work was
to elucidate the spatial distribution of heavy
metals in soils of Khuzestan province. Our
specific objectives were (i) to examine the
spatial dependency of Cd in soils and rice seed,
(ii) to map the spatial distribution of Cd in soils
and rice seed.

MATERIALS AND METHODS

Study area
The research focused on the paddy fields of

Khuzestan province, Southwest Iran (Fig. 1). The
study region consists of five sub regions including
Dashtazadegan, Ahvaz, Shushtar, Ramhurmoz,
and Baghmalek. In total 70 paddy farms was
randomly selected in study region and soil and
rice seed samples were taken from each farm.

Figure 1.  Distribution of sampling locations
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Oryza sativa L. rice farms are mainly located
at dry land farms, while bread wheat farms are
distributed in irrigated farms. Three permanent
main rivers (Karoon, Karkheh and Dez) are
supplying agricultural water that flows from north
to the south. There are different land uses
including agricultural, industrial, urban, and bare
lands. Agricultural activities are mostly
distributed around the rivers, except in some
southern parts of the province that were covered
by saline and marshy lands. The local farmers
usually overuse nitrogen and phosphate fertilizers
to produce mainly wheat, barley, rice, corn,
canola, and vegetables (Jafarnejadi et al., 2011).
The soils are highly calcareous with more than 40
percent lime content in most parts. The dominant
soil orders are Entisols (including Fluvent,
Psamment and Orthent groups), Aridisols
(including Haplosalids, Haplogypsids,
Haplocambids groups), and Inceptisols (including
Calcicustochrepts group). The mean annual
precipitation, temperature and evaporation are 240
mm, 22◦C, and 3000 mm (Farshi et al., 1997),
respectively.

Soil and seed sampling and analysis
A total of 70 compound soil samples (0–15

cm) were collected from paddy fields in summery
2010 (Fig. 1). When sampling, in each site (i.e.
paddy farm), topsoil samples were collected using
a plastic spade (to avoid any heavy metal
contamination) from 6–8 points and then fully
mixed, and finally a 1–2 kg of soil was taken for
analysis. The coordinates of sample sites were
recorded using a hand-held Global Position
System (GPS) instrument.
All soil samples were air-dried and passed through
a 2-mm stainless steel sieve. Available cadmium
concentration (Cd DTPA) was extracted by 0.05 M
Diethylene Triamine Penta Acetic Acid (DTPA)
(Lindsay and Norvell, 1978) and measured by
graphite furnace atomic absorption spectrometry
(Rayleigh model W X F - 210). Soil pH was
measured in saturated paste using a pH-meter
(Model Metrohm 644), electrical conductivity
(EC) in saturated paste extract by EC-meter
(Model Metrohm 691), and lime content as the
total neutralizing value (TNV) by titration with
NaOH. Cation exchange capacity (CEC) was
determined by the CH3COONa method (Sumner
and Miller, 1996), organic carbon (OC) by the wet
oxidation method (Walkley and Black, 1934), and
soil texture by the hydrometer method (Gee and

Bauder, 1986). Sub-samples of 0.2 g rice seeds
were digested in 6 mL of 65% HNO3, 2 mL of
2% H2O2 and 2 mL of distilled water, and heated
at 100◦C for 25 minutes. The solution was then
filtered using Whatman No. 42 filter paper and
analyzed by graphite furnace atomic absorption
spectrometry (Rayleigh model W X F - 210).
Quality control samples included Standard
Reference International Soil Analytical Exchange
report 2000, number 981 sandy soils from The
Netherlands. Good agreements were achieved
between the obtained data and the certified values.
The Cd concentrations in rice seeds were
compared with the guide values suggested by the
Iranian Ministry of Health (150 µg kg-1 for Cd).

Geostatistical methods
Geostatistics is based on the theory of a

regionalized variable (Matheron, 1963), which is
distributed in space (with spatial coordinates) and
shows spatial auto correlation such that samples
close together in space are more alike than those
that are further apart. Geostatistics uses the
technique of variograms (or semivariogram) to
measure the spatial variability of a regionalized
variable, and provides the input parameters for the
spatial interpolation of kriging (Jiachun et al.,
2007; Webster and Oliver, 2001). The
semivariogram function is expressed as:

Where Z (xi) is the value of the variable Z at
location of xi, and N(h) is the number of pairs of
sample points separated by the lag distance h
(Jiachun et al., 2007).
Since the probability distributions of the metal
concentration data were skewed, the experimental
semivariogram were developed using transformed
data to stabilize variance (Goovaerts, 1999).
Logarithmic transformation was used in this
study.

Experimental variograms were fitted with
the five models, i.e. exponential, linear, Spherical,
Gaussian and linear to sill models, using statistical
indices (i.e. correlation coefficients (r2) and
residual sum of squares (RSS)). Cross validation
was done to validate the accuracy of the fitted
different models for prediction and the models
were compared using correlation coefficients (r2)
and residual sum of squares (RSS) and the best
one was selected for kriging phase. The model
with the highest r2 and the lowest RSS values was
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selected. Before kriging, the spatial dependency of
Cd in soil and rice seed was evaluated using
Nugget/Sill ratio. In theory, the Nugget/Sill ratio
in the geostatistics can be regarded as a criterion
to classify the spatial dependence of soil
attributes. The ratio of 0.25 and 0.75 are two
thresholds for the relative strength index of spatial
correlations. The variable with a ratio of less than
0.25 is strongly spatial dependent; the variable
with the ration between 0.25 and 0.75 is
moderately spatial dependent; whereas the
variable with the ratio greater than 0.75 is only
weakly spatial dependent (Jiachun et al., 2007).

Thereafter Cd concentrations in soil and rice
seeds were estimated for unsampled locations
using lognormal ordinary kriging method. The
most important trait of kriging that separates it
from other estimators is minimizing the error
variance. The kriging is done base on the flowing
equation:

 In which λi equals variable weight in the
measured points and Z(xi) equals variable amount
in measured points.

Data analysis
Data sets were analyzed with different

software packages. Statistical analysis was

conducted with SPSS software version 17 (2009).
Descriptive statistics variables such as mean,
variance, maximum, minimum, Skewness and
kurtosis of Cd concentrations in soil and wheat
grain and measured soil parameters were
calculated. The correlation analysis was used to
evaluate the relationship between soil properties
and seed Cd concentrations. Spatial analyses were
carried out using GS+ software package version
5.1 for windows, Gamma Design Software.

RESULTS AND DISCUSSION

Descriptive parameters and probability
distribution of the raw data set

The descriptive statistics of studied variable
are presented in Table 1.The average of
extractable soil cadmium and plant cadmium in
total points (areas) are 42.81and 56.273 µg/kg
respectively, that this numbers regarding cadmium
in rice plant and extractable cadmium of soil that
their numbers respectively are 2.0 and 3-8 mg/kg
are lower than the permissible amount and doesn’t
make any concern now (Oustan, S et al., 2011;
Afyoni et al., 2007 and Alloway, 1995). But by
separating areas from each other, we noticed that
in Baghmalek area the amount of this element in
some points of plant inside is exceeded a bit from
its permissible rate that needs to be taken into
consideration (Table 2).

Table 1. Statistical summary of soil characteristics in and cadmium contents in the topsoil collected from the
study area

Soil attributes N Min Max Mean SD CV (%) Skewness Kurtosis

pH 70 6.8 7.7 7.22 0.220 3.03 0.43 -0.64

ECe (dSm-1) 70 1.2 40.5 7.63 6.761 8.86 0.47 1.45

Clay (%) 70 16 52 33.41 9.035 2. 70 -0.02 -0.89

TNV 70 22.4 49.91 48.45 3.552 7.33 -1.03 0.31

OM (%) 70 0.28 1.69 0.81 0.250 3.08 1.08 1.21

Cd seed (µg/kg ) 70 8.9 266.24 81.43 53.69 65.94 1.05 0.89

Cd DTPA  (µg/kg ) 70 63.3 521 273.56 111.75 40.85 0.34 -0.56

Min minimum, Max maximum, SD standard deviation, CV coefficient of variation
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Table 2. Comparison of mean soil characteristics and cadmium in between different regions

pH ECe (dSm-1) TNV Clay% OM% Cd DTPA Cd seed

Ahvz 7.05 c 6.90 b 48.99 ab 36.3b 0.86 b 270.0 b 73.10 c

Baghmalek 7.40 a 2.40 d 45.90 c 30.4a 1.05 a 296.7 a 155.13 a

Dashtazadegan 7.23 b 12.70 a 48.43 b 33.1c 0.72 c 274.5 b 96.21 d

Ramhurmoz 7.20 b 5.20 c 48.85 ab 36.8b 0.89 b 249.62 c 85.00 b

Shushtar 7.24 b 5.00 c 49.17 a 32.5c 0.77 c 269.64 b 74.62 c

Geostatistical analysis
Cross validation showed that Gaussian

model provided the best fit to the experimental
variograms (Cd DTPA  in soil and Cd in seed) for
kriging method with the lowest RSS and highest r2

(Table 4 , Fig.2- A, C). At the end of the kriging,

the resulting grid values were back-transformed to
create interpolated cadmium distribution cadmium
maps of soil and seed rice of paddies in Khuzestan
province (Fig.2- B, D).

ECe Clay pH TNV OM Cd seed Cd DTPA

ECe 1

Clay 0.127 1
pH -0.183 -0.056 1

TNV 0.090   0.013 -0.137 1

OM -0.139 0.375** -0.084 0.012 1

Cd seed -0.435** -0.138 -0.009 -0.277* 0.111 1

Cd DTPA 0.032 -0.141 0.280* 0.091 -0.376** 0. 271* 1

*p<0.05, **p< 0.01, OM organic matter, TNV  Total neutralizing value, Cd DTPA  extractable soil cadmium, Cd
seed cadmium in rice seed.

Table 4. Best-fitted semivariogram models of heavy metals and their parameters

Soil attributes Model C0
C +
C0

C0/C + C0 Range (km) R2 RSS

Cd DTPA Spherical 0.0007 0.002 0.65 105 0.525 5.497E-07

Cd seed Gaussian 0.0900 0.175 0.503 100 0.470 1.08E-03

C0  nugget variance, C structural variance, C + C0  sill variance
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Figure 2. Experimental semivariograms with fitted model of soil Cd-DTPA (A), Cd-Seed (B), and related
kriging maps (C and D) (µg/kg).

Spatial distributions and risk assessment
Mapping metal contents is often a

preliminary step towards decision making, such as
delineation of polluted areas or identification of
regions that are suitable for crop growth. For soil
pollution, a straightforward approach is to
delineate all contaminated locations where the
estimated pollutant content exceeds the guide
value (150 µg/kg for Cd). Figure 3 presents the
spatial patterns of the Cd DTPA and Cd in rice seeds
in paddy soils of Khuzestan province generated
from their semivariogram.

The direct relationship between DTPA-
extractable Cd and the accumulated Cadmium by
plants is shown in Table 3. In conveying the
relationships between soil and cadmium
distribution in soil and plant, the achieved results
were so that the extractable cadmium amount
through DTPA of soil has a direct relationship
with pH number, EC and lime number in total

surveyed points and had an indirect
relationship with clay and organic matter amount
factor that both are important regarding the active
topsoil, and the plant cadmium had direct
relationship with organic matter and the
extractable cadmium amount through DTPA and
but had an indirect relation with pH ,EC and soil
lime. By noticing Table 3 one can notice that
these relationships aren’t in this way in all areas
that can be due to different reasons. For example,
researchers discussed that the heavy metals
absorbable concentration specially cadmium is
relate to both amount and type of organic matter
existed in soil so that the analysis of organic
heavy metals type cause to these elements release
in the form of accessible bio-available from that
these forms may be poisonous for agricultural
crops (Jing et al., 1992 and McBride, 1995). Del
Castilho et al (1997) mentioned that the
absorption and solution increasing reasons are
decreasing soil pH due to nitrification, ion power
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increase and solvable organic matters. The
cadmium formability complex is associated with
cholera, the increase of chloride cadmium
complex in soil is effective in decreasing the
cadmium absorption by soil colloids resulted from
its extractability increase (Smolders et al., 1998
and Yin-Ming, 1994). And of course, concerning
this point that the present research is done in
paddies and these areas leaching is high, can
emphasized the gained results of this research that
express the indirect relationship between plant
cadmium amount and saltiness. Because in one
hand due to complex formation causes to
cadmium extraction power increase in soil and in
another hand by preventing cadmium from being
placed over active levels leads in cadmium
leaching increase. In a research administered
about the effect if liming on the cadmium, lead
and zinc absorption amount, it was showed that
the high amount of liming leads in these elements
absorption uptake within wheat culm and seed
(Tlustoš et al., 2006). And naturally this causes
the cadmium amount within soil that is as much as
the amount of liming increases due to pH
increasing and insolvable cadmium and the high
competition of calcium with cadmium in
calcareous soils, the cadmium transported to the
plant is lower and stages more in the soil. That
this issue emphasizes the indirect relationship
between the cadmium existed in plant and the
liming amount within soil and the direct
relationship between extractable cadmium rate

and oil liming amount. As much as the heavy
metals concentration of soil increases their
accessibility for plant will be raised (De
Temmerman, 1984). As it is determined in the
figure according to geographical length and width,
the western areas of Khuzestan province which
are related to Dashteazadegan, include high level
of extractable cadmium in soil. It may be expected
that within plant amount has the same plot, but as
it is shown in the Fig. 3, in the eastern areas, the
existed cadmium in the plant is higher and
although in the western areas the increasing
procedure of cadmium amount fallow its
increasing procedure in the soil, but this matter is
of lower intensity rather than eastern areas. So
many reasons can be existed as it is mentioned
previously, that the environment factors effect in
plant absorption is very influential. The more
percentage of organic matter in Baghmalek area
rather than western areas is shown and this
procedure can be observed from west to cast in
general (Table 2). Another reason can be liming
percentage and the soil saltiness rate. Regarding to
this matter that previously between liming and soil
saltiness with plant cadmium rate there was a
negative relationship (Table 2) and also
concerning this Table it can be seen that the
average of liming and soil saltiness in western
areas in Khuzestan province (Dashteazadegan) in
comparison to eastern areas (Baghmalek) is bigger
and it disturbs the cadmium release, its more
solution and finally its absorption by plant.

Conclusions

Detailed geostatistical analysis on Cd
distributions will help to gather more information
variability of Cd concentrations in soil and rice
seeds in this region. Sixty-one rice seed samples
in area have Cd concentrations higher than 150 μg
kg-1. Cd concentrations in soil and rice seed
samples were moderate spatial dependence. Cd
DTPA was fitted to the spherical model with a range
of 105 km, and Cd in rice seeds was fitted to the
Gaussian model with a range of 100 km.
lognormal ordinary kriging methods achieved the
best result of Cd estimation regarding the lowest
statistical measures. Over the long history of
land utilization, the spatial variability of
investigated elements was influenced by both
natural and anthropogenic factors. Cd in rice
seed and Cd extractable by DTPA had low
risks for environmental pollution and human
health. Both natural and anthropogenic

factors had contributed to the genesis of
pollution process. The association of the higher
soil heavy metal concentrations with soil texture
and soil organic matter was because of the higher
metal-holding capacity of clay and SOM when
compared with sand. The probability map
produced based on kriging provides useful
information for hazard assessment and decision
support. Although the characterization of a
complex relationship between soil contamination
and soil properties requires more comprehensive
studies, the results of this preliminary study can
serve as a basis for supplementary (more detailed)
studies in which soil attributes, including all
regulated heavy metals, are analyzed with the help
of GIS methodologies for accurately assessing the
environmental quality.
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