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Abstract A multi-element geochemical soil survey was
performed to assess the geochemical baseline and the
environmental impacts of some potentially harmful ele-
ments in soils of the Kerman city. In doing so, a total of 175
samples, including residual (5), evaporate (6), silty—clay
plain (42), urban (15), archaeological (3), road side (12),
runway side (3), rail road side (7), agricultural (34),
machinery battery manufacturing station (10), gasoline
station (17), machinery paint working station (17) and
cemetery (4) soil samples were collected on the 1:50,000
scale map of the Kerman city. The soil samples were anal-
ysed by ICP-OES for Ag, As, Bi, Cd, Co, Cr, Cu, Hg, Li, Mo,
Ni, Pb, Se, Sn, V, W and Zn. The resulting elemental values
in non-contaminated residual soils are similar to that of
global background soil level (Salimen et al. Geochemical
atlas of Europe. Part 1, Background information, method-
ology and maps. Finland Geological Survey, p 526, 2006;
Lindsay Chemical equilibria in soils. Wiley, p 449, 1979).
However, the soils close to the gasoline stations are enriched
in Pb with variations up to 202 mg/kg. Soils developed
around the machinery battery manufacturing stations also
give a very high concentration of Pb as high as 60,445 mg/
kg. The anomalous contents of Pb in soil samples close to the
machinery paint working places range from 0.27 to 692 mg/
kg. Some high values of Zn up to 1655 mg/kg are related to
the agricultural soils in Pistachio gardens. The results
highlight that the most anomalous harmful elements include
Pb, Sn, Cd, Cu, Zn, Sb, As and Mo, which is supported by
their high enrichment factors.
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Introduction

Although regional soil surveys are well known in many
countries, the detailed soil geochemical mapping has
proved to be a useful tool for both environmental as well as
exploration baselines. In this regard, an increasing number
of geochemical data on the urban areas has been reported
from Europe, Asia and America (Iwegbue 2014; Kinoshita
et al. 2014; Li et al. 2014; Guagliardi et al. 2012, 2013a, b;
Yuan et al. 2013; Johnson and Ander 2008; Wilson et al.
2008; Cicchella et al. 2005, 2008b; Frattini et al. 2006;
Wong et al. 2006; Smith and Huyck 1999). According to
the revision made by United Nations Word Urbanization
Prospects reports (United Nations 2011), 4797 thousand of
people lived in urban areas of Iran in 1950. In this respect,
with % 0.21-0.33 annual rate of change of urbanization in
2010-2050, 66,761 thousand of the Iran’s population are
expected to live in cities by 2050, thus the urban soil
pollution is a serious issue that may affect the health of
citizens.

The composition and geochemistry of urban soils are
generally affected by human activities. Building and
industrial activities, motor vehicle emissions, fertilizers,
industrial processes, organic wastes and many other factors
are responsible for releasing large amounts of organic and
inorganic pollutants to the environment (Filippelli et al.
2012). At the urban scale, trace metals are the most diffuse
pollutants, in the soils that can be considered the main
receptacle of these elements (Fuge et al. 2001; Albanese
et al. 2008; Hamzeh et al. 2011). The concentration of
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potentially harmful elements generally decreases in urban
soils away from the main road network. This can be
explained by the strong dependence of the pollutants on the
use of motor vehicles leaded fuels for Pb, tire wear for Zn
and Cd, brake pads for Sb, converters and exhaust systems
for platinum group elements (Albanese and Cicchella
2012; Cicchella et al. 2008a, c). The main purposes of this
paper are to document the first detailed geochemical survey
of some harmful elements in different soil populations
developed around the urban areas of the Kerman city as the
following: (1) to introduce the geochemical baseline for
some potentially harmful elements; (2) recognize the most
polluted populations of soils and their enrichment factors;
(3) assess the geogenic and anthropogenic sources of the
elements by using the geochemical maps.

Location and general geology

The studied area is located in the Kerman city, southeastern
Iran, at 56°52'30”-57°07'30"E and 30°07'30"-30°22'30"N
(Fig. 1). The maximum and minimum annual temperatures
are 37 °C (July) and — 8 °C (January), respectively
(Atapour and Aftabi 2002). Temperature can rise in the
summer up to 39 °C. Average annual rainfall in the study
area is about 149.1 mm, which mainly takes place between

Fig. 1 Geological map of the
urban areas of Kerman City
(1:50,000 series). I Upper
Cretaceous limestone, 2
Paleocene conglomerate, 3
Neogene conglomerate, 4
Young gravel fans and terraces,
5 Dasht (younger gravel fans), 6
silty—clay plain and cultivated
land, 7 sand cover, 8 recent
alluvium, 9 urban areas, 10
fault, 7/ drainage, /2 street and
road, /3 sampling site.
(modified after Djokovic and
Dimitrijevic 1972; Atapour and
Aftabi 2002)
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November and March, thus the climate is classified as
semi-arid climate type.

Stratigraphically, the oldest rock units in the suburban
areas of the Kerman city belong to the weakly meta-
morphosed dolomite, quartzite, and marble of the Paleo-
zoic. Silurian-Devonian rock units include basal
conglomerate, sandstone, dolomite, dolomitic limestone,
shale, phosphatic layers, grey limestone and marl. Triassic
and Jurassic rock units are composed of sandstone, silt-
stone, and shale with minor limestone beds. Upper Cre-
taceous limestones are the most extensive rock units
around the Kerman city. Based on Huckriede et al. (1962)
and Atapour and Aftabi (2002), the Upper Cretaceous
rock units consist of reefal grey limestone of Senonian
age. Paleocene conglomerate, known as Kerman con-
glomerate, unconformably covers the Upper Cretaceous
limestones (Dimitrijevic 1973; Rahimzadeh 1983). Most
of the Lower Tertiary (Paleogene) units include andesite,
basalt, and pyroclastic rocks. The upper parts are com-
posed of Neogene rhyolite and basalt. These Tertiary
igneous rocks are not commonly exposed in the urban
areas of the Kerman city. Most of the upper parts of the
Neogene units are composed of three sedimentary units;
lower marly gypsiferous sandstone and limestone, middle
marly sandstone and conglomerate and upper pebbly
argillaceous sandstone.
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The Kerman city is not a metropolitan city, with only
light traffic, some agricultural pistachio gardens, Kerman—
Tehran railroad, Kerman airport, Kerman cement factory
and vehicle-related workshops.

According to Dimitrijevic (1973) and Atapour and
Aftabi (2002), Quaternary units include the following
subdivisions: (1) Older Dasht (bajada), which is composed
mainly of old dissected alluvial fans, gravel fans, and ter-
races; (2) Younger Dasht (bajada), which includes younger
undissected gravel fans and (3) Recent Dasht (bajada),
which is composed of recently transported alluvium from
the neighbouring bed rocks. Due to the semi-arid climate
conditions, the soil horizons are not well developed in the
area. However, most of the residual soils are Lithosols,
Entisols, Inceptisols and Aridisols.

Materials and methods
Sample preparation

The sampling method was performed according to the
international Atomic Energy Agency (IAEA 2004). Sys-
tematic random sampling is a flexible design for surveying
the average pollutant concentration of potentially harmful
elements in the urban areas (JAEA 2004). Salminen et al.
(1998) suggest the 0-25 cm depth as a suitable method for
topsoil sampling in the urban areas. However, in order to
prevent the exclusion of harmful pollutants deposited by
atmospheric fallout, (Albanese et al. 2008), the soil sam-
ples may be localized over a very shallow and narrow
depth range. For this approach, Ottesen and Langedal
(2001) and §ajn et al. (1998) used the 0-5 cm depth range
for the urban areas. Importantly, Li et al. (2001), De Vivo
et al. (2006), Lima et al. (2007) and Kelly et al. (1996)
proposed the 10-50 cm depth range as an alternative
suitable method for topsoil sampling in the populated urban
areas (Albanese et al. 2008).

Previous regional alluvium geochemistry (Geological
maps of Iran 1998; Earth Science Development Company
2006) did not give significant data on the geochemistry of
heavy elements around the Kerman city and no follow-up
soil geochemistry was suggested for a detailed survey.
Normally, after delineation of regional alluvial anomalies,
a detailed soil sampling is reported to be the mandatory for
significant results rather than non-economic semi-regional
stream sediment sampling on the 1:25,000 scale map (Rose
et al. 1979; Kabata-Pendias and Mokherjee 2007; Reimann
et al. 2002; Lawie 2007; Agca and Ozdel 2014). In this
study, the scope of the sampling area was focused on the
urban areas of the Kerman city, which has an area of

625 km?. Due to difficulty of access, about 175 samples
were collected, using 0-25 cm sampling depth in the urban
areas of the Kerman city during March—September 2008.
The numbers for each sample group were residual (5),
evaporate (6), silty—clay plain (42), urban area (15),
archaeological (3), road side (12), runway side (3), rail road
side (7), agricultural (34), machinery battery manufactur-
ing (10), gasoline station (17), machinery paint working
(17) and cemetery soils (4). Approximately 3 kg of soil
was collected between 0 and 25 cm below the surface, and
stored in inert plastic bags. All samples were air-dried to
prevent the volatilization of Hg and sieved to collect 30 g
of the <2 mm fraction for chemical analysis.

Analytical methods and quality control

The soil samples were powdered to 200 mesh size, fused
by lithium metaborate (LiBO,) and cesium chloride (CsCl),
decomposed by aqua regia digestion, using designation of
an American National Standard (2001), and analysed by
ICP-OES method in Applied Research Laboratory, Geo-
logical Survey of Iran, Karaj, Iran. For quality control, four
samples were submitted to the ALS Chemex Lab., Canada,
and analysed by ICP-MS method. The precision and
accuracy for replicate samples range from 86.5 to 99.8 %
and 84.3-99.5 %, respectively (Tables 1, 2).

Geochemical results

The geochemical data including mean, maximum and
enrichment factors for the potentially harmful elements in
soil samples are shown in Table 3. The average values
were calculated for each population of the soils separately.
All calculations were performed by Spss 17 software. In
order to explore the environmental signatures of each ele-
ment, they are described as the following.

Silver (Ag)

The mean silver value in residual and non-contaminated
soils is about 0.03 mg/kg (Table 3), which is close to the
global average soil level (0.05 mg/kg) (Salimen et al. 2006;
Lindsay 1979). However, the silver values in soils around
the machinery paint working, machinery battery manu-
facturing and gasoline stations are enriched up to 0.27, 0.25
and 0.15 mg/kg, respectively. The enrichment factors
range from 0.71 in cemetery soils to 8.8 in machinery paint
working soils (Table 3). As there is no well-known Pb—Zn—
Ag mineralization in the area, the high anomalous Ag
values are obviously due to the anthropogenic
contamination.
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Arsenic (As)

The mean arsenic content in residual soils (Table 3) is
12.12 mg/kg. In evaporate soils, the mean arsenic con-
centration is up to 33.58 mg/kg, well beyond the average
global soil level (5 mg/kg) (Salimen et al. 2006; Lindsay
1979). The maximum As values belong to the silty—clay
plain soils, which is somehow higher than the maximum
permissible level (55 mg/kg) reported by Selinus (2013).
The enrichment factors are significant in all samples,
especially in the soils around the evaporates (9.3), silty—
clay plain (13), urban areas (7.8), rail road side (12) and
agricultural sites (10.3) (Table 3). The high arsenic levels
(16.7 mg/kg) in residual soils in the Kerman city could be
due to the colloidal adsorption of arsenic by clay minerals
and Fe-Mn oxy-hydroxides. In this respect, Reimann et al.
(2003) suggested that arsenic minerals and compounds are
readily soluble, but As migration is limited, because of the
strong sorption by clays, Fe-Mn oxy-hydroxides and
organic matter. The most common mobile forms of As
(AsO, ™, AsO4>~, HAsO4 >~, HAsO; ") are adsorbed within
the pH range from 7 to 9. In most environments, As’"
occurs as the HyAsO, ™ species, whilst As>T as the H3AsO;
species is only dominant in low pH and Eh conditions.
However, arsenate ions are known to be readily fixed by
clays, phosphoric gels, humus and hydrated Fe (goethite),

but Al oxides are the most active for As retention (Kabata-
Pendias 2011; Reimann et al. 2003). Although, adsorbed
As in soil is unlikely to be desorbed again, it may be lib-
erated when As is combined with Fe—Al oxy-hydrolysis,
caused by the reduction of soil potential. The topsoil
geochemical map of As (Fig. 2) confirms both natural and
anthropogenic source of As in soils in the central part of the
urban areas of the Kerman city. The histogram and
cumulative diagram of As (Fig. 2) indicate a positive
skewness with two populations indicating both normal
background and polluted soil values. The high arsenic
contents are not controlled by geology and arsenic-rich
mineralization, thus the likely sources of arsenic are of
anthropogenic contamination. Li et al. (2014) found high
arsenic values in industrialized urban areas in Eastern
China. Arsenic is essential for some organisms (e.g.
12-25 g per day is required by humans, WHO 1996), but
is toxic depending on its valency and speciation. Pen-
tavalent arsenic (Ass+) compounds are less toxic than
trivalent (As*"). Chronic exposure increases the risk of
cancer and skin pigmentation (WHO 1996). Arsenic has
great notoriety as a poison, though there are great differ-
ences in the toxicity of different arsenic compounds. So far,
no adverse effects of arsenic signatures have been reported
in the Kerman City (Abdollahi et al. 2011; Karrari et al.
2012).
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Fig. 2 Geochemical map, histogram and cumulative diagram of As in soil samples
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Fig. 3 Geochemical map, histogram and cumulative diagram of Cd in soil samples

Bismuth (Bi)

Bi mean concentration in non-contaminated residual soils
is about 0.14 mg/kg (Table 3), which is lower than the
global soil level (0.3 mg/kg, Salimen et al. 2006; Lindsay
1979). Nevertheless, the mean soil content around the
machinery paint working stations contain 0.68 mg/kg Bi,
more than two times higher than the global mean soil value
(0.3 mg/kg, Table 3). The lack of Bi-rich sulphide miner-
alization in carbonate rocks of the area does not support
any geogenic contamination, thus the high values are
caused by industrial sources.

Cadmium (Cd)

The mean cadmium value in residual soils is about
0.33 mg/kg, seven times higher than the global background
level (0.06 mg/kg) in Table 3. The cadmium content of
polluted soils in machinery battery manufacturing sites is
about 4.74 mg/kg, 79 times higher than the global average
soil level (0.06 mg/kg) but close to the maximum per-
missible level of the European soils (1-3 mg/kg, Selinus
2013). Geochemical map of Cd (Fig.3) shows two

@ Springer

populations, one relating to the Cd background values of
the residual and another indicating the highly polluted
soils. Cadmium is used extensively in industrial processes
(Cheng et al. 2014), electroplating, battery, paint, ink and
plastic manufacture, which are the common industrial uses
in the Kerman city. The increasing use of Zn in phosphate
fertilizers may have caused another source of Cd contam-
ination (5-10 mg/kg) (De Vos and Tarvainen 2006). There
exists no report of Zn—Cd-Pb mineralization in the area
and as such, the high Cd values up to 0.4 mg/kg in agri-
cultural soils might be related to the phosphate fertilizers
used in pistachio gardens. Abdollahi et al. (2011), reported
up to 0.57 mg/kg Cd for the soils developed on the pista-
chio trees of the Kerman province.

Cobalt (Co)

The distribution of cobalt content is about 6.44 mg/kg in
residual soils (Table 3). The maximum cobalt value is
18.13 mg/kg in machinery paint working soils, two times
higher than the global Co value (8 mg/kg, Salimen et al.
2006; Lindsay 1979). The other soil populations do not
give significant variations in the cobalt content.
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Fig. 4 Geochemical map, histogram and cumulative diagram of Cu in soil samples

Chromium (Cr)

The mean chromium content is about 35.9 mg/kg in
residual soils (Table 3), which is almost three times lower
than the global background (100 mg/kg, Table 3, Salimen
et al. 2006; Lindsay 1979) and does not give a significant
enrichment factor (Table 3).

Copper (Cu)

Copper is generally low (15.85 mg/kg) in non-contami-
nated residual soils. The soils developed on the cemetery,
rail road side, silty clay plain, agricultural, runway side,
road side and urban areas contain 23.6, 27, 28.7, 30.6, 30.8,
37.6, 40.2 mg/kg, respectively. However, the mean copper
content in the soils around the machinery battery manu-
facturing sites is highly enriched up to 1089.6 mg/kg Cu.
The highest Cu concentration reaches up to 1948 mg/kg,
more than two times higher than the maximum permissible
level (750 mg/kg, Selinus 2013) of the American soils.
Copper values in soils close to the gasoline stations and
machinery paint working sites range from 109.7 to 434 mg/
kg. The histogram and cumulative diagram of Cu show
positive skewness with two populations (Fig. 4), reflecting
Cu values in both normal residual and polluted soil sam-
ples. Geochemical map of Cu (Fig. 4) shows that the high

copper values come from the soils in the central part of the
city. The bedrock geology does not include any chal-
copyrite-rich mineralization. Therefore, the topsoil is vul-
nerable to the anthropogenic sources of copper from the
agricultural, machinery battery manufacturing and
machinery paint working stations. It is well known that
copper compounds are widely used in agricultural uses,
thus could be considered as a possible source of drainage
and soil anomalies (De Vos and Tarvainen 2006). No
harmful effects of copper have been noted in Kerman
province (Karrari et al. 2012).

Mercury (Hg)

Mercury values in soil samples of the urban areas, rail road
sides, agricultural areas, machinery battery manufacturing
stations, gasoline stations and machinery paint working
sites are 0.02, 0.02, 0.02, 0.04, 0.05 and 0.05 mg/kg,
respectively. Mercury contents (Table 3) do not indicate
significant variations in different soil populations.

Lithium (Li)
The mean lithium content in residual soils is about 7.8 mg/

kg (Table 3), and the maximum value of Li (52.7 mg/kg) is
related to the machinery paint working stations. No
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significant enrichment factor is observed for other soil
populations.

Molybdenum (Mo)

The mean molybdenum values in residual, evaporate, silty
clay plain, urban, archaeological, agricultural soils are
0.84, 1.69, 2.24, 3.64, 2.35 and 2.85 mg/kg, respectively.
These are close to the average global soil values (2 mg/kg)
(Table 3, Salimen et al. 2006; Lindsay 1979). The his-
togram and cumulative diagram of Mo (Fig. 5) show two
populations, one related to the samples of normal residual
soil values and others reflect the polluted soil samples
around the machinery battery manufacturing and machin-
ery paint working stations.

Nickel (Ni)

The mean nickel content in non-contaminated residual soil
samples is about 28.3 mg/kg (Table 1). The nickel soil
values around the machinery buttery manufacture, gasoline
and machinery paint working sites follow 39.5, 37.3 and
38.2 mg/kg, respectively. As, there are no Ni-rich ultra-
mafic rocks in the area, it is likely that the highest nickel
values are related to the agricultural soils that reach up to
63.3 mg/kg nickel.

I
/S S S A

Lead (Pb)

The mean lead value in residual soil is about 16.4 mg/kg,
similar to that of the global soil level (10 mg/kg, Table 3).
Since there are no reports of known Pb—Zn mineralization
in the area, the highest mean Pb values come from the
machinery battery manufacturing stations (30,355 mg/kg),
machinery paint working sites (692 mg/kg), gasoline sta-
tions (202 mg/kg). These values are three thousand, sixty
and twelve times, higher than the normal global soil level
(10 mg/kg, Salimen et al. 2006; Lindsay 1979). The
highest Pb level (60,445 mg/kg) comes from machinery
battery manufacturing stations, 114 times higher than the
maximum permissible level (530 mg/kg) of the Nether-
lands soils (Selinus 2013). The topsoil histogram and
cumulative diagram of Pb (Fig. 6) show a positive skew-
ness with two populations, one related to the Pb back-
ground values and another to the polluted soil samples. It is
well known that tetraethyl lead from vehicle exhausts was,
until recently, a significant source of pollution. In urban
environments, road dusts can contain very high levels of Pb
(Archer and Barret 1976; De Vos and Tarvainen 2006;
Wang et al. 2014; Hossain et al. 2015). Although the
introduction of unleaded petrol has reduced this potentially
toxic hazard in developed industrialized countries, the
highly polluted soil values still could come from metallic
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Fig. 5 Geochemical map, histogram and cumulative diagram of Mo in soil samples
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Fig. 6 Geochemical map, histogram and cumulative diagram of Pb in soil samples

detritus, Pb-bearing glass, pottery glazes, batteries, old
lead-based paints and the corrosion of lead pipes in areas of
soft water and sewage sludges. Anthropogenic sources of
lead may cause local enhancement of Pb levels in surface
water by an order of magnitude compared to the back-
ground values as mentioned by De Vos and Tarvainen
(2006).

Antimony (Sb)

Antimony mean content in residual, evaporate, silty—clay
plain, road side, runway side and agricultural soils are 0.63,
0.97, 0.86, 0.74, 0.85 and 1 mg/kg, considerably. These
values are close to the global soil value (Table 3). High Sb
values in archaeological, rail road side, machinery battery
manufacturing station, gasoline station and machinery
paint working soils are more than four, four, seven, six and
nine times higher than the global level (0.5 mg/kg,
Table 3). The enrichment factors of antimony in the soils
around the urban areas, archaeological sites, rail road sides,
machinery battery manufacturing stations, gasoline stations
and machinery paint working sites, are 6, 8.2, 17.4, 10.6, 9,
and 34.4. The topsoil geochemical map of antimony
(Fig. 7) shows a positive skewness and three populations,
reflecting non-contaminated residual Sb values and

polluted soils. No Sb-rich mining areas exist in the area. In
this regard, the main sources of contaminated antimony
values in the urban areas possibly include manufacture of
lead solder, batteries, arm and bullets, composite car body
panels, dashboards, proofing compounds, paints, ceramic
enamels, glass and pottery. De Vos and Tarvainen (2006)
reported similar industrial sources for the high contents of
Pb in the soils around the urban areas.

Selenium (Se)

The mean selenium content in residual soils is about
0.12 mg/kg, four times lower than the average global soil
value (Salimen et al. 2006; Lindsay 1979). The maximum
Se soil values in machinery battery manufacturing station
are reported to be 2.14 mg/kg. Selenium under oxidizing
conditions is weakly adsorbed at alkaline pH (Salimen
et al. 2006). Due to their high solubility, selenates are
very mobile in normal and alkaline soil conditions
(ATSDR 2003). Major sources of selenium pollution
include the burning of fossil fuels as mentioned by
Kabata-Pendias and Mokherjee (2007). In this regard,
these may be the possible source of Se pollution in the
studied area. This is consistent with the absence of the
Se-rich rock sources in the area.
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Fig. 7 Geochemical map, histogram and cumulative diagram of Sb in soil samples

Tin (Sn)

Sn mean value in residual soils is about 1.9 mg/kg, two
times lower than the average global level (4 mg/kg, Sali-
men et al. 2006; Lindsay 1979). The maximum values are
related to the soils around the gasoline stations (18.1 mg/
kg), machinery battery manufacturing stations (600 mg/
kg), agricultural sites (15.2 mg/kg) and machinery paint
working sites (60.1 mg/kg). The topsoil geochemical map
of Sn (Fig. 8) indicates a positive skewness with two
populations, one related to the non-contaminated residual
Sn and the others belong to the polluted soil groups.
Because there are no Sn-rich bedrocks in the area, the
anomalous Sn values come from the anthropogenic
contaminations.

Anthropogenic sources of Sn include coal and wood
combustion, waste incineration, sewage sludge (Reimann
and Caritat 1998), alloys such as solder (Sn—Pb), agricul-
tural pesticides and wood preservatives in which organo-Sn
compounds have been used (De Vos and Tarvainen 2006).
Toxic levels of inorganic Sn can cause growth depression
and anaemia in humans, and also interferes with the
metabolism of Zn, Cu and Ca (WHO 1996).

@ Springer

Vanadium (V)

The mean concentration of vanadium is about 48.6 mg/kg
in non-contaminated residual soils (Table 3), two times
lower than the global soil level. Other soil populations also
contain normal background values close to that of the
average global soil level (100 mg/kg, Salimen et al. 2006;
Lindsay 1979).

Tungsten (W)

W mean value in residual soils is 0.27 mg/kg, almost five
times lower than the global soil value. Nevertheless, the W
values in machinery battery manufacturing station are
4 mg/kg. High values of tungsten possibly come from the
anthropogenic polluted soil samples in the urban areas.
Tungsten is an economically important metal, being widely
used in light-bulb filaments, electron and television tubes,
abrasives and special alloys such as tool steels (De Vos and
Tarvainen 2006). Tungsten carbide is of great importance
for metal working, mining and petroleum industries. Pol-
lution from these sources are possibly the main possible
causes of the higher W values in the soils of the area.
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Fig. 10 Histograms of the enrichment factors of minor and trace elements in soils around the urban areas of Kerman city

In order to explore the elemental association and cor-
relation, dendrogram of cluster analysis (Fig. 12) for
potentially harmful elements were illustrated. The method
was based on the mean linkage between groups (Reimann

et al. 2002). The results indicate three major groups of
elements that follow: the first group includes Cd, Pb, Se,
Cu, Mo, Sn, the second contains Ag, Zn, Bi, Li, W, Sb and
Hg and finally the third group forms Cr, Ni, Co, V and As.
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Fig. 13 Principal component analysis diagram of the elements in soil
samples

The elements of group 1 have high enrichment factor
(Table 2) and index of geo-accumulation (Table 3) in the
soils developed around the machinery battery manufac-
turing stations, gasoline stations, machinery paint working
places and agricultural sites. The association between Cd,
Pb, Se, Cu, Mo, Sn and Ag, Zn, Bi, Li, W, Sb and Hg
groups are well correlated with the PCA diagram in
Fig. 13.

Discussion

Recently, most of the published papers discuss the
anthropogenic impacts of potentially harmful elements on
the surficial soils around urban sites (Cicchella et al. 2014;
Yuan et al. 2013; Wilson et al. 2008). These authors used
geochemical maps to explore the sources of pollution. In

Table 5 Varimax-related factor (four-factor modal) for soil samples

Component matrix

Component
1 2 3 4

Ag 0.71 —0.51 0.2 0.08
As 0.31 0.11 0.69 —0.34
Bi 0.61 —045 0.29 0.45
Cd 0.69 0.62 0.07 —0.15
Co 0.05 —0.23 0.89 0.2

Cr —0.31 0.49 0.19 0.51
Cu 0.81 0.47 0.02 0.09
Hg 0.39 —0.41 —0.44 —0.08
Li 0.75 —-04 —0.16 0.31
Mo 0.78 0.29 0.02 0.13
Ni —0.34 0.37 0.47 0.56
Pb 0.61 0.72 —0.02 —0.17
Sb 0.51 -0.3 0.13 —0.36
Se 0.62 0.64 0.03 —0.13
Sn 0.36 0.23 —0.24 0.14
\% —0.26 0.02 0.75 —0.31
w 0.75 —0.17 —0.16 0.3

Zn 0.67 —047 0.31 —0.2

Extraction method: principal component analysis

this study, due to the small number of samples and weak
interpolation of the data. In this study, geochemical maps
similar to those of Cicchella et al. (2014) were used and
interpreted. Cluster analysis was used to identify the
anthropogenic or geogenic sources of the elements. The
results merged the elements into three clusters (Fig. 12).
The first cluster includes Cd, Pb, Se, Cu, Mo and Sn that
gives a better degree of correlation with others and indi-
cates that the main anthropogenic sources of Cd, Pb, Se,
Cu, Sn and Mo come from the machinery battery stations,
in which Sn contains up to 600 mg/kg. Similar cases of
anthropogenic sources of Cu and Zn have also been
reported by Amor et al. (2014). This is compatible with the
principle component diagram of Fig. 13. The second
cluster is related to Ag, Zn, Bi, Li, W, Sb, and Hg which all
have a good affinity to originate from the polluted soils
from the agricultural and machinery battery manufacturing
stations. The third cluster is well separated from the first
and second ones and contains Cr, Ni, Co, V and As. These
elements show normal values in non-contaminated soils,
except for some abnormal values of arsenic. The best
method of elemental association is indicated by factor
analysis (Table 5), in which loadings over 0.5 are consid-
ered to be significant. Factor 1 represents Cu, Mo, W, Li,
Ag, Zn, Se, Pb and Bi, which are related to the contami-
nated topsoils formed around the battery manufacturing,
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machinery paint working and agricultural sites. The ele-
mental association of factor 2 includes Pb, Se, and Cd that
are mainly affected by soil pollution from machinery paint
working and battery manufacturing sites. The elemental
association of factor 3 is related to only Co—V-As asso-
ciation, which originate from evaporates as well as rail
road side soils. Factor 4 is dominated by Cr and Ni that
may show normal background values. It is interesting the
Cd—Pb-Se participate in more than one factor, thus derived
from different anthropogenic sources.

Conclusions

1. The results of this investigation highlight that the best
geochemical baseline for potentially harmful elements
comes from the non-contaminated residual soils with
the background values close to the global soil data.

2. The polluted soils come from different anthropogenic
sources, particularly Ag, As, Bi, Cd, Cu, Pb, Sb, Se,
Sn, and Zn anomalies were developed on topsoils
around the machinery battery manufacturing stations.

3. Contaminated soils close to the gasoline stations also
are enriched in Ag, As, Bi, Cu, Pb, Sb, Se, and Zn.

4. Samples from topsoils around the machinery paint
working sites contain high values of Ag, As, Bi, Cu,
Pb, Sb, Se, Sn and Zn.

5. Factor analysis shows that factor 1 (e.g. Cu, Mo, Li,
Ag, Cd, Pb, Se, W and Zn) and factor 2 (e.g. Pb, Se,
Cd) reflect an anthropogenic pollution, whereas factor
3 and 4 are geogenic, but may have been modified by
anthropogenic sources.

6. The results update demonstrate that As, Cd, Cr, Hg,
Cu, Ni, Pb and Zn may have come into the urban soils
by domestic activities, residential heating, electrical
power plants, gasoline and diesel vehicles, cement
factories (west of Kerman city), and spreading of
fertilizers on agricultural soils surrounding the resi-
dential areas.
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