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Abstract Soil samples were collected from the agricul-
tural lands of Golestan province, north of Iran and analyzed
for 24 elements including eight toxic metals of As, Cd, Co,
Cr, Cu, Pb, Se and Zn. Electrical conductivity, pH, organic
matter, soil texture, calcium carbonate content as well as
soil cation exchange capacity were also determined. The
possible sources of metals are identified with multivariate
analysis such as correlation analysis, principal component
analysis (PCA), and cluster analysis. In addition, enrich-
ment factors were used to quantitatively evaluate the
influences of agricultural practice on metal loads to the
surface soils. The PCA and cluster analysis studies
revealed that natural geochemical background are the main
source of most elements including Al, Co, Cr, Cs, Cu, Fe,
K, Li, Ni, Pb, V and Zn in the arable soils of the province
(more than 90 %), however, those soils which have been
developed on the mafic and metamorphic rocks were
considerably contributed on metal concentration (43 %).
Calcium and Sr were constituents of calcareous rocks and
Na and S were mainly controlled by saline soils in the north
of the province. Loess deposits was also accounting for
high levels of selenium concentration. Phosphorous was
mostly related to application of P-fertilizers and organo-
phosphate pesticides. The comparison of metal load and
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enrichment factor for dry and irrigated farmlands showed
that Cd, Co, Pb, Se and Zn had higher concentrations in the
irrigated lands where considerable amounts of agrochemi-
cals had been applied. However, it also found that prox-
imity of arable lands to urban and industrial areas resulted
in higher Pb and Cd values in the irrigated agricultural
sources relative to dry ones.

Keywords Toxic metals - Distribution - Land-use -
Golestan - Iran

Introduction

Trace elements are accumulated locally in soils due to
weathering of rock minerals. Since trace elements are
essential for plants, animals, and human, the adequate level
of these elements would be necessary in all agricultural
products. Apart from trace elements originating in parent
materials and entering the soil through chemical weath-
ering processes, soil toxic trace elements have also many
anthropogenic sources (Mitsios and Danalatos 2006). The
natural input of several heavy metals to soils due to ped-
ogenic processes has been exceeded in some local areas by
human input, even on a regional scale. In particular, agri-
cultural soils can be a long-term sink for heavy metals
(Mico et al. 2006). Because some soils can have fertility
levels that are out of balance, animal manures have his-
torically been applied to soils as a fertilizer and to improve
the soil’s physicochemical properties (Sistani and Novak
2006). However, agricultural activities and especially
application of sewage sludge, manure, mineral fertilizers
and pesticides also significantly contribute to the trace
metal status of agroecosystems (Kabata-Pendias and
Mukherjee 2007).
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The ever-growing world population requires intensive
land use for the production of food, which includes repe-
ated and heavy input of fertilizers, pesticides, and soil
amendments (Bradl 2005). A quantitative inventory of
heavy metals input to agricultural soils is necessary to
determine the scale and relative importance of different
sources of metals, either deposited from the atmosphere or
applied to farmlands (Nicholson et al. 2003). Because trace
metal accumulation in soils will probably have a long
residence time, it is important to understand reasons for the
accumulation and to determine soil factors controlling their
mobility in the soil and more importantly their bioavail-
ability to the plants. An understanding of these factors is
critical for the development of physical or chemical
remediation strategies or adjustments in manure manage-
ment practice to reduce trace metal accumulation (Sistani
and Novak 2006).

The behavior of heavy metals in soil can be different
due to the variation in both physicochemical properties of
the soil and the activities of soil organisms associated with
land-use change (Bradl 2004). The comparison of metal
levels has been studied in a wide range of land types in/and
agricultural lands (Luo et al. 2007; Huang and Jin 2008;
Anguelov and Anguelova 2009; Marzaioli et al. 2010; Bai
et al. 2010; Acosta et al. 2011).

The present paper is trying to highlight the role and
contribution of long-term agricultural practice on heavy
metals distribution across the arable lands. Due to the
presence of large arable lands, considerable amounts of
fertilizers as well as pesticides are being used in the studied
area, which could contain high amounts of potentially toxic
elements. The objective of this work was to investigate the
source of 24 elements emphasizing eight toxic metals,
namely, As, Cd, Co, Cr, Cu, Pb, Se and Zn in agricultural
soils of Golestan province. The physicochemical charac-
teristics of soil were also examined in relation to the heavy
metal concentrations. A final objective of this study was to
determine if the concentration of selected metals has
changed with land types to evaluate the effects of land-use
in the irrigated and dry farmlands.

Materials and methods
Study area description

The province of Golestan is located in the north of Iran and
south of Caspian Sea. The surface area is over 20,000 km?
(approximately 1.3 % of the total area of Iran). The climate
of province is variable; the southern part has a typical
mountainous climate, the central and southwestern regions
have a temperate Mediterranean climate, and the northern
part is semiarid or arid. The absolute minimum daily
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temperature is —1.4 °C and the maximum 46.5 °C. Annual
rainfall ranges from 250 to 700 mm. The suitable climate,
supply adequate amounts of water and therefore, appro-
priate fertile lands results to extension of agricultural
activities in the Golestan province (Fig. 1). The total area
under cultivation within the province is estimated at 730
thousands hectares from which about 33.4 % is irrigated
and remaining 65.6 is dry lands. Wheat, cotton and summer
crops are the main products in Golestan and the area is one
of the most important parts of the country due to extensive
agricultural activities. Industries are also young and since
soils are fertile in central parts of region, population has
evenly distributed. This study has focused on arable lands
in central parts of province where agricultural activities are
dense. Other types of farming in other parts (north and
south) are local and spars and have no any considerable
affect on regional soil pollution of study area. The soil
quality in central parts is influenced by geological materials
from mountainous regions in south and vast eolian dry
lands (loess deposits) in north. The main lithologic units in
southern regions are igneous and metamorphic rocks while
northern parts composed of vast thick loess deposits.
Therefore, groundwater availability is restricted in northern
dry lands. Rainfall and groundwater irrigation is much
higher in southern and central parts of the province.

Soil sampling

Soil samples were collected from arable lands. A total of
198 agricultural soil samples were collected at the depth of
0-30 cm and 18 soil samples were also taken from the
depth of 100 cm at the same time. The physicochemical
parameters such as electrical conductivity (EC), pH,
organic matter (OC) and soil texture were measured at
Zaravand Lab Company, Mashhad, Iran. Among the sur-
face soil samples, 74 samples were chosen from irrigated
farmlands and 46 samples were selected from dry arable
lands. The irrigated farmlands in this area usually are
cultivated more than one times, then it is expected
that irrigated farmlands have more contaminant bearing
potential than dry lands due to higher applications of dif-
ferent agrochemicals such as fertilizers and pesticides. It is
also given higher priority to the areas with higher organic
matter and clay contents as these two parameters serve as a
sink to heavy metals. Therefore, more samples were chosen
from these areas. Geographical positions of the selected
agricultural samples are shown in Fig. 2. Most of arable
lands and irrigated agricultural soil samples are located in
southern parts of the province while most dry ones have
occurred in northern parts of the area.

The selected samples were air-dried and sieved through
a 2-mm polyethylene sieve and ground to fine powder.
Then heavy and trace metals in soils from 138 sampling
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points (120 samples from O to 30 cm and 18 samples from
1 m depth) were analyzed using ICP method at LabWest
Minerals Analysis Pty Ltd (an accredited Australian
laboratory).

Statistical analysis

The relationships of different heavy metals were deter-
mined by calculating the correlation coefficients of all
possible non-reciprocal metal pairs (28 pairs), principal
component analysis (PCA) and by the cluster analysis. The
correlations between physicochemical properties and heavy
and trace metals were carried out to determine the influ-
ence of physicochemical parameters in terms of heavy
metal distribution. Non-zero correlation coefficient with
accompanying p < 0.05 is considered statistically signifi-
cant at the 95 % confidence limit. PCA is used to reduce
data and to extract a small number of latent factors for
analyzing relationships among the elements (Wang et al.
2009). Prior to the PCA analysis, heavy metal concentra-
tions were log-transferred to minimize the influence of high
values. PCA was conducted using factor extraction with an
eigenvalue >1 after Varimax rotation using SPSS 16.0
version for Windows. The presence of outliers in the
dataset was determined using the Tukey (1977) box plot
method.

Results and discussion
Descriptive statistics

Brief descriptive statistical data of measured soil parame-
ters in the studied area are shown in Table 1. Soil pH range
is limited and varies from 6.9 to 8.5 with a mean value of
7.9 £ 0.2. The agricultural soils in the west part of the
province near coastal plains of Caspian Sea had slightly
higher pH values. Such neutral soil reaction would limit
metal mobility in soils. In general, organic matter contents
are low in all soils and range from 0.34 to 2.89 % with a
mean value of 1.13 & 0.55 %. OC in eastern parts of the
study area has lower values (<1 %) compared to central
and western parts. Soil textures of the agricultural samples
are mostly classified as clay, clay loam and silty clay loam
(Fig. 3). Electrical conductivity ranges from 0.36 dSm™" to
47.7dSm™" and have arithmetical mean of 3.69 &
5.8 dSm~ . However, EC was low in most of the samples
and only few higher values have measured in some samples
in the north of study area. Cation exchange capacity
(CEC) is varied and ranged from 6.12 Cmol(+) kg™' to
54.3 Cmol(+) kg~' with a mean value of 22.13 + 9.78
Cmol(4) kg™ ". Central parts of the study area have greater
CEC values. CaCOj; is low in most of the samples and are
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ranged from 1.76 to 36.4 % with a mean value of
16.73 &= 7.2 %.The greater CaCOj; values have measured
in some parts of the northern study area.

Multivariate analysis approaches
Correlation matrix

Some of heavy metals are significantly correlated with each
other and with soil physicochemical properties. The degree
of correlation for all possible non-reciprocal element pairs
(28 pairs) and their correlation coefficients were calculated
after excluding statistically identified outliers and the
results are presented in Table 2. Cobalt is significantly and
positively correlated with Cr (r = 0.87), Cu (r = 0.85)
and Zn (r = 75) with p < 0.01. Chromium is significantly
and positively correlated with Cu (r = 0.88) and Zn (r = 70)
with p < 0.01. Cupper is also significantly and positively
correlated with Zn (r = 0.80) with p < 0.01. The relation-
ships of As and Cd with Se is shown to be insignificant.

The correlations (p < 0.01) of selected metals with
organic matter and fine fractions are rather more consid-
erable than other parameters. The relationships of metals
with other soil parameters are very poor or negatively
correlated indicating respective role of soil organic carbons
and clay contents in the distribution of toxic metals. Lack
of correlation of CEC with most metals is possibly due to
the absence of metals in the soil exchangeable phases. On
the other hands, since the concentrations of major cations
in the soils are normally much greater than heavy metals,
then it seems that CEC tends to be more affected by those
metals than potentially toxic metals.

Principal component analysis

Principal component analysis (PCA) is a dimension
reduction technique that takes correlated attributes, or
variables, and identifies orthogonal linear recombinations
(PCs) of the attributes that summarize the principal sources
of variability in the data (Officer et al. 2004). PCA was
used to quantify elements sources in agricultural soil
samples. The obtained factors were rotated using a
Varimax-normalized algorithm, which allows an easier
interpretation of the principal component loadings and
maximization of the variance explained by the extracted
factors. Table 3 displays the factor loadings with a
Varimax rotation, as well as the eigenvalues. Six prin-
cipal components were extracted from the available
dataset that explained a total variance of approximately
82.3 %.

Factor 1 is dominated by Al, Co, Cr, Cs, Cu, Fe, K, Li,
Ni, Pb, V and Zn and accounts for 42.9 % of total variance.
The distribution of these elements is mainly controlled by
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Table 1 Brief statistical data of soil metal concentrations and properties (metals in ppm)

Soil parameters Minimum Maximum Mean SD Skewness Kurtosis
As 3.50 15.57 9.52 2.02 —0.24 0.87
Cd 0.025 0.28 0.067 0.056 1.37 1.37
Co 7.20 25.50 13.22 3.20 1.25 2.58
Cr 38.00 110.0 61.53 12.22 1.15 2.80
Cu 11.50 52.90 23.62 6.58 1.40 3.67
Pb 7.30 21.80 13.16 3.21 0.73 0.04
Se 0.17 1.23 0.55 0.22 0.88 0.408
Zn 41.90 125.00 70.63 16.26 0.573 0.264
pH 6.9 8.5 7.9 0.22 —1.31 3.85
EC (dSm™) 0.36 47.70 3.69 5.82 4.39 28.29
OC (%) 0.34 2.89 1.13 0.55 1.07 1.25
Clay (%) 12.00 64.00 37.08 10.725 0.12 —0.256
CEC (Cmol(+) kg™ ") 6.12 54.30 22.13 9.78 0.78 0.519
CaCO; (%) 1.76 36.40 16.73 7.20 0.12 —0.025

Fig. 3 Soil samples textural
classification

100% Clay
100 A 0

100
100% Sand

a0

natural parent materials. The higher loadings related to
mafic and metamorphic rocks, which are dominant in the
southern parts of the province and agricultural soils are
directly affected by pedological processes of such rocks.
Mico et al. (20006) is also believe that lithogenic factors are
most important component in metal loads of agricultural
soils of Alicante province in Spain.

Factor 2 is strongly associated with only Ca and Sr
(10 % of total variance). Both geochemical and biochem-
ical characteristics of Sr are similar to those of Ca and
geological occurrence of it, is associated mainly with cal-
careous rocks (Kabata-Pendias and Mukherjee 2007).

100

70 60 50 30 20

1000% Silt
There are substantial carbonate rocks sources in the
southern parts of the region. Therefore factor 2 explains
another natural source in the studied soils.

Factor 3 is responsible for 9.2 % of the total element
variables and indicated great correlation with Na and S.
This factor is related to saline soils in the north of the area.
The northern parts of Golestan province are extensively
covered by old coastal plains composing silt and clay
where agricultural practices are being performed in forms
of dry farming.

In general, PC1, PC2, and PC3 in the rotated component
matrix of the agricultural soils depicted the natural
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CaCO;

CEC

Cd Co Cr Cu Pb Se Zn pH EC oC Clay

As

Table 2 Correlation of soil metals and soil physicochemical properties

As

@ Springer

0.30%*
0.27%*

Cd

0.38%*

0.87%*
0.85%*
0.53%#*

0.50%*

0.39%*
0.33%%

0.88*
0.64%*
0.31%%*

0.51%%*

0.62%*

0.48%*
0.13

0.39%*

0.12

Pb

0.24*

0.27%*

0.32%%

Se

0.39%*

0.67%*
—0.25%*
—0.21*

0.80%*
—0.21*
—0.11

0.70%*
—0.30%*
—0.11

0.75%*
—0.20%*
—0.14

0.56%*
—0.06
—0.16

0.26%*
—0.10
—0.07

—0.04
—0.09

0.005
0.11

pH
EC
oC

0.08
—0.16
—0.08
—0.16

—0.17
—0.15
—0.25%:

0.29%* 0.39%* 0.43%%* 0.37%* 0.39%* 0.56%* 0.42%*
0.37%* 0.47%*
0.08
—0.09

0.15
—0.03

0.30%*

0.42%%

0.57%*
0.06
0.04

0.34%#%
0.06

0.57%**

0.70%*
0.06
—0.04

0.58%*
0.01
—0.07

0.31%*
—0.15

Clay

0.12

0.19%*
0.17

0.33%*
—0.18

CEC

1

—0.447

0.02

0.07

0.19%

0.23%

0.08

CaCO;

Bold values are statistically significant

* Correlation is significant at 0.05 confidence limit

** Correlation is significant at 0.01 confidence limit

geochemical associations of elements in soils derived from
their parental materials.

Factor 4 is correlated very strongly with P and some-
how to Se and explains 6.9 % of the total variance. The
higher loadings of phosphorus indicate increased elemental
concentration due to application of phosphorus fertilizers
as well as organophosphate pesticides in the agricultural
soils of Golestan province. Selenium is probably originated
by loess deposits in the area, which naturally has high
concentration in soils of Golestan province (Hafezi Mog-
haddas et al. 2010; Semnani et al. 2010).

Factor 5 is loaded with As and Mo and account for
6.8 %. This factor source may be explained by contribu-
tion of many sources but the probability of anthropogenic
sources is more likely.

Except for Ti and to less extent for Mg, no significant
loading value was obtained for any variable of Factor 6,
which is responsible for 6.5 % of total variance. These two
elements are indicative of erosion in some resistant igne-
ous rocks, which exist in the southern parts of the province.

Factor loadings are represented in binary diagrams (PC1
vs. PC2, PC1 vs. PC3 and PC1 vs. PC4) in Fig. 4. It can be
seen from these diagrams that most of the elements are
related to parent materials like mafic and metamorphic
rocks, sandstone and shales. Magnesium in the first and
second components and Se in the third one are showing
mixed sources.

Cluster analysis

In order to discriminate distinct groups of studied elements
as tracers of natural or anthropogenic source, a hierarchical
cluster analysis was performed on the 24 elements of
interest (Fig. 5). The distance cluster represents the degree
of association between elements. The lower value on the
distance cluster is showing more significant for the
association.

A cluster analysis was applied to reorganize the datasets
(samples) into homogenous groups based on their geo-
chemical properties (Salonen and Korkka-Niemi 2007).
Cluster tree of all element variables in soil was produced
by the Pearson’s correlation coefficient and the Ward
method (Fig. 5). The method of Ward is the best per-
forming hierarchical clustering method, and even performs
well for observation clustering (Templ et al. 2008). The
produced cluster analysis is rather in good agreement with
principal component analysis results. The following three
groups can be identified:

Group 1 consisted of Al, V, K, Cs, Co, Fe, Zn, Li, Cr,
Ni, Cu, Pb, Cd and Mn. The relationships within this group
are very strong, and they are mainly controlled by geology.
However, some subgroups of Al, V, K and Cs (felsic
rocks), Co, Fe, Zn and Li (intermediate rocks), Cr, Ni, Cu
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Table 3 Values of the six extracted factor loadings for 24 elements

Elements PCl1 PC2 PC3 PC4 PC5 PCo6
Al 0.962 0.027 0.04 0.023 0.082 —0.105
As 0.477 —0.098 —0.152 —0.026 0.687 0.136
Ca —0.325 0.861 —0.045 0.056 —0.096 —0.083
Cd 0.582 0.105 —0.247 0.177 0.095 0.082
Co 0.848 -0.219 —0.022 0.283 0.202 0.016
Cr 0.934 —0.199 0.044 0.037 0.15 0.091
Cs 0.837 —0.085 0.157 —0.307 —0.152 0.168
Cu 0.834 —0.344 0.045 0.21 0.16 0.017
Fe 0.836 -0.123 —0.078 0.23 0.266 —0.005
K 0.888 0.038 0.125 —0.021 -0.107 0.068
Li 0.865 0.164 0.148 0.07 0.11 —0.182
Mg 0.355 0.342 0.509 —0.104 —0.089 0.507
Mn 0.424 —0.445 0.004 0.26 —0.092 0.347
Mo 0.075 —0.109 0.163 0.07 0.886 0.067
Na 0.036 0.036 0.91 —0.026 0.071 0.049
Ni 0.896 —0.247 —0.005 0.141 0.153 0.08
P 0.172 0.101 —0.035 0.865 0.043 0.176
Pb 0.708 —-0.37 —0.222 0.142 -0.014 -0.216
S —0.047 0.082 0.893 0.046 0.018 —0.104
Se 0.402 0.102 0.141 0.508 0.04 —0.485
Sr 0.055 0.879 0.239 0.164 —0.14 —0.077
Ti —0.027 —0.206 —0.042 0.188 0.235 0.850
v 0.95 —0.014 0.052 0.006 0.133 0.149
Zn 0.867 —0.093 —0.012 0.387 0.023 -0.117
Eigenvalue 11.03 2.82 2.01 1.54 1.28 1.08
Variation (%) 429 10 9.2 6.9 6.8 6.5

Bold values are statistically significant

Extraction method: PCA, Rotation method: Varimax with Kaiser normalization

and Pb (mafic rocks) and Cd and Mn (probably sandstone
and shale interbedded with coal) could also be identified.
The effects of anthropogenic sources for this group are
poor.

Group 2 comprised As, Mo, Ti, P and Se. These ele-
ments have both natural and anthropogenic sources. This
group is in close relationship with group 1. Phosphorous is
mostly originated from application of chemical fertilizers,
pesticides or manure while other metals of this group
(except Ti) are enriched by both sources.

Group 3 consisted of Ca, Sr, Mg, Na and S. These
elements are mainly enriched in saline soils in the north or
limestone rocks in the south of the studied area.

Effects of land-use in metal concentrations

Box plots were used to describe the difference between
metal content of different groups. Box plots illustrating
distributions of metals among samples collected from
irrigated farmlands and dry farmlands are shown in Fig. 6.

It seems that the concentrations of two sample types are
similar in two groups. Statistical analyses were carried out
to see if there were differences in concentrations of heavy
metals due to land-use type. A two-sample ¢ test was
conducted using the SPSS 16.0 Statistical Software to
determine whether the difference between two datasets is
statistically significant or not (Neupane and Roberts 2009).
This test compares mean and variance of the two datasets
to determine a p value. Smaller p values indicate the
greater probability of difference in mean and variance of
the two datasets. In general, p < 0.05 is considered sta-
tistically significant at the 95 % confidence limit. The two
datasets of concentration of a heavy metal measured in
different land-use were used to test whether the concen-
tration of that particular metal is significantly different. The
t test results for two groups are given in Table 4.

Co, Se and Zn are shown statistically different concen-
trations in samples which were collected from irrigated
farmlands and dry farmlands. All of them are enriched in
the irrigated farmlands. The concentrations of other studied

@ Springer



Environ Earth Sci

PC2 (10.0%)

1.0 1 e N 1.00 .
,-'nﬂ S ) y /t“ u T )
\ - -'.,_ \.""'ﬁ-:__—-’"
oy = Natural S Saline Soil:
Notaral sources (earfonate rocks) 75 4 hural Sogrces et Seish
—~ Mg
5 ;4 i %
Natural sources (malie rocks, o .50
Mg sandstone and shale) o
- —_ - Natural seurces (maSc rocks,
~ ., N, sandstone and shale)
& y ” 26 H 5 —
ol . % & K AN E oMo ." 2 C;)'li‘;\ &
. i * e | \ / CrV,
= Mn [/ ¢ LV
° Mo cive &2 v 00 Ca T P G u(',._“"r
Ti *\ Féo'm | : . . . gt |
\ Co As A
L hY o %/ pd | e |
A Ty \ca Pb /
: P Cu M . /
M ~e - -25 % /
. S -
-5 T T T T T T T T T
.00 25 50 a5 1.00 -25 .00 25 50 15 1.00
PC1 (42.9%) PC1 (42.9%)
1.00 _—._ Anthropogenic soarce
/P \(organit Fenilizers)
e )
\ /
75 4 —
Natural sources (mafic rocks,
sandstone and thale)
_ —
S 50+ L
e >
w L
o] Mn ch
o+ 251 i P
U - “ﬁ | cd Pb Cu-' M |
-9 ca Mo u* |
- s ™ e Cr
® |Na ks ﬂqj-l
00 O My ® T‘_ T |
. /
\ _'f'
=25 . /
o _S.s.
T T T T T
-25 00 25 50 75 1.00

PC1 (42.9%)

Fig. 4 Loading plots of elements in agricultural soils (PC1 vs. PC2, PC3 and PC4)

420 4

2.80 o

Distance

-
o
=1

0.00

Fig. 5 Cluster tree of variables for agricultural soils (measure:
pearson’s correlation coefficient; linkage method: ward)

metals (As, Cd, Co, Cr, Cu and Pb) are not statistically
different. The significantly higher Co, Se and Zn contents
in the samples of irrigated farmlands compared to the dry
farmlands requires either a secondary anthropogenic source
in the former or a depletion of naturally occurring of
mentioned metals in the latter. Studying applied agro-
chemicals in the region is showed that pesticides and
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province, China.

Enrichment factor (EF)

manures are not enriched with Co, Se and Zn. Therefore,
geochemical background is the main source of difference
in soil metal concentrations between two agricultural land
types. Mafic rocks in the southern parts of the study area
which most fertile soils are formed near them are seems to
be a possible sources of Co and Zn and loess deposits
which consists most arable lands of the study area, is
accounted for higher values of Se. However, Yu et al.
(2008) found that the main factor of accumulation of the
heavy metal is lithological factor in arid agricultural areas
while anthropogenic factors has major contribution in
chemical properties of irrigated soils in central Gansu

The enrichment factor is the relative abundance of a
chemical element in a soil compared to the reference
matter. EFs are calculated based on different reference
materials such as earth crust (Krishna and Govil 20081,
Kim and Kim 1998), local soil geochemical background
(Acosta et al. 2009; Yu et al. 2008; Salvagio et al. 2002
etc.), etc. Useful environmental information that affects the
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Fig. 6 Box plots depicting distributions of toxic metals between two agricultural land-uses

soil ecosystem owing to human activity can be extracted by
studying and examining the relevant elemental concentra-
tions and their changes from top-soil and sub-soil at each
site (Liao et al. 2007). The enrichment factor is defined as
the concentration ratio of a given element and the nor-
malizing element in the given sample divided by the same
ratio in reference material as follows:

(M/Al) sample
(M/ Al)reference

where EF is Enrichment factor, (M/Al)sampic is the metal to
Al ratio in the sample of interest; (M/Al) eference 1S the
reference value of metal to Al ratio. References materials
are related to average concentration of 18 samples col-
lected from 1 m depth of arable lands. Aluminum has been
used as normalizing element. Metal concentrations can be
normalized to other factors, which are measured in the
same sample (Cooke and Drury 1998). Deeper horizon
samples are close to natural background and parent

material characteristic in the region and any exceeding
values in the surface could be considered as a sign of
anthropogenic contamination, mainly resulted from agri-
cultural practices. Box plot diagrams (Fig. 7) were used to
show general assessment of samples from surface enrich-
ment point of view and also in comparison EF values
between samples collected from irrigated and dry farm-
lands (Fig 7). The comparison of these two types of sam-
ples can clarify if application of agrochemicals and soil
amendment can affect metal concentrations in the surface
soils of the study area. EF values greater than one indicates
some enrichment corresponding mainly to anthropogenic
effects; whereas an EF value less than one means deple-
tion. Figure 7 shows that EF values for Cd, Pb and Se in
most of the samples are higher than other metals whereas
EF for Co is least among the studied metals. Although
natural background of study area has high levels of Cd and
Pb, however, high EF values for these two metals relative
to deeper horizons could be due to addition of such metals
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Table 4 Two-sample ¢ test result showing significant variation in
concentration at p < 0.05

Metal Type Mean SD p value
As I 9.34 2.26 0.186
D 9.81 1.56
Cd I 0.071 0.05 0.315
D 0.061 0.06
Co I 14.03 4.54 0.035
D 12.47 2.53
Cr I 63.65 17.04 0.198
D 60.09 9.63
Cu I 24.23 7.14 0.201
D 22.64 5.49
Pb I 13.35 3.22 0.414
D 12.85 321
Se I 0.64 0.31 0.001
D 0.47 0.19
Zn I 73.60 15.80 0.011
D 65.86 16.02

Bold values are statistically significant
I irrigated farmland

D dry farmland

EF
il
{E[E]

189 %?%%

s
-

1 (1] | D 1] 1 D | D 1 D 1 1] 1 1]
As Cd Co Cr Cu Ph Se n

Fig. 7 Enrichment factors (EFs) of samples collected from irrigated
farmlands (I) and dry farmlands (D) of agricultural soils in Golestan
province

from anthropogenic sources such as fertilizers and pesti-
cides. The major sources of Cd pollution are atmospheric
deposition and P-fertilizers (Kabata-Pendias and Mukher-
jee 2007). Wei and Yang (2009) also believe that Cd in
agricultural soils of China is mainly originated from fer-
tilizers and pesticides. Phosphorous fertilizers are applied
more to the irrigated farmlands. The close proximity of
arable lands to urban and industrial areas could account for
higher Pb and Cd values in the irrigated agricultural
sources particularly for farmlands. Elevated EF values for
Se are probably due to flux from natural sources in the
region. As mentioned before, high levels of Se have been
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observed in loess deposits of Golestan province, which
have close associations with arable lands in the studied
area. However, samples of irrigated soils were slightly
more enriched than dry ones. The lower values for Co are
also related to their natural sources. Mafic and metamorphic
rocks in the southern parts of the province are considerably
enriched with Co. Therefore, its concentration is less in
surface horizons compared to deeper samples. EF values for
As, Cr, Cu and Zn are near to 1 indicating natural enrich-
ment for these metals in the agricultural soils of Golestan
province. There is also no significant difference for EF
values mentioned metals between samples collected from
irrigated and dry farmland indicating dominance of natural
background of studied soils for these metals.

Conclusion

This study also elucidated heavy metal contents and their
possible sources in the agricultural soils of Golestan
province. The results from this study indicate that, con-
centrations of heavy metals in agricultural soils are mostly
comparable with natural geochemical background of the
study area, especially for Al, Ca, Co, Cr, Cs, Cu, Fe, K, Li,
Ni, S, Sr, V and Zn while concentration of As, Cd, Mo, P,
Pb and Se is controlled both by pedogenic as well as
agricultural factors. It is also found that Cd, Pb and Se in
most of the samples are more enriched in the surface soils.
This study suggested that Cd, Pb and Se are more likely to
accumulate in the surface horizons by anthropogenic
sources mainly atmospheric deposition near urban areas.
Selenium is extensively derived from loess deposits of
Golestan province so natural background in the top layers
is the main source to supply Se. The results demonstrated
that among toxic metals, concentration of Co, Se and Zn in
the soil samples collected from irrigated farmland is sta-
tistically higher than samples collected from dry farming
areas. But such increase is not completely related to
agrochemicals and soil amendments which are typically
used more in irrigated farmlands. Geochemical background
of most fertile soils has occurred in areas with higher
natural concentrations of the mentioned elements.
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