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Abstract
Purpose In the course of our investigation, we analyzed phys-
ical and chemical parameters as well as heavy metal contents
in the urban soils of Sopron, Hungary. Our aim was to identify
the main feedback effects between the town and its
environment.
Materials and methods Altogether, 208 samples were collect-
ed at 104 sites at depths of 0–10 and 10–20 cm in a standard
network. The results have been represented in a GIS system,
providing a useful basis for the research. We measured the
following chemical and physical parameters: soil pH
(pH(H2O), pH(KCl)), calcium carbonate content, particle size
distribution, humus content, ethylenediaminetetraacetic acid
(EDTA) or diethylenetriaminepentaacetic acid (DTPA) solu-
ble Mn, Cu, Zn, and Fe contents. In addition, 24 heavy metals,
including Co, Cd, Cu, Pb, Zn, and Ni, were also measured
following the method of Lakanen-Erviö. Relationships be-
tween these elements were evaluated in both soil layers.
Results and discussion In the downtown, most of the soils we
investigated were alkaline. Therefore, the pollution of these
soils has not yet leached into deeper layers. The Pb content
was very high in both layers throughout the whole area of the
town. Urban soils with high Cu content have been found
mostly from garden and viticulture areas. Cd contents were
the highest in the traffic zones, confirmed by the literature,
reaching 3 mg Cd/kg soil. The Co and Zn results were below
the Hungarian background and pollution limits (discussed
below).

Conclusions According to the results, we have found the
highest average values of heavy metals in the soils of parks,
possibly originating from traffic contamination, binding in the
soil of urban green spaces, thus possibly affecting human
health. In the future, a detailed analysis of these polluted green
areas will be carried out.
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1 Introduction

Urban soil science is a relatively young field compared to the
traditional soil sciences which originally dealt with agricultur-
al and forest environments. Usually, we can talk about
technogenic soils (Billwitz and Breuste 1980), when the hu-
man effects on the structure of the soils are stronger than the
natural processes (Runge 1975). This is why the examination
of original disturbance-free soil layers can be carried out only
in very few places in residential areas. Soils in urban areas
have several roles and populated areas have become increas-
ingly important in ecosystems (Morel and Heinrich 2008).
According to Lehmann (2007, 2010), urban soils can be
evaluated similarly to natural soils, but specific properties,
e.g., soil pH or bulk density, also have to be considered. The
first significant book in this field was published by Bullock
and Gregory (ed. 1991), discussing disturbed urban soils in
the UK. Another important handbook originated from Craul
(1992), evaluating the soils of cities in the USA from an
anthropogenic point of view. Since the 1990s, numerous
books (e.g., Hiller and Meuser 1998; Kollender-Szych et al.
2008; Meuser 2010; Hazelton and Murphy 2011) and well-
established articles (e.g. Burghardt 1994; Scharenbroch et al.
2005) have been published on urban soil pollution all over the
world. In these studies, soil scientists tried to find answers for
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the causes of the enrichment of toxic elements in soils of
different cities, e.g., Isle of Skye in Scotland (Entwistle et al.
1998), in Stockholm (Bergbäck et al. 2001), in HongKong (Li
et al. 2004), or in Lubbock city (Brown et al. 2008). Norra and
Stüben (2003) presented the distribution of trace metals in
urban soils of Karlsruhe with contour maps. Jim (1998) re-
ported on the investigation of an urban park in Hong Kong;
Farsang and Jóri (1999) researched the topsoils of 44 urban
parks in Szeged where the soils were heavily affected by
human activity. Nowadays, this field has also become extraor-
dinarily ramified. In Hungarian scientific literature, there are
few works in this field which are also scientifically based.
Regarding the soils of Hungarian cities, heavy metal content
has only beenmeasured in Budapest (Kovács and Nyári 1984)
and in Debrecen (Szegedi 1999a; Sándor et al. 2013). Puskás
and colleagues performed the measurement and classification
of urban soils in Szeged (Puskás and Farsang 2007; Puskás
et al. 2008; Puskás and Farsang 2009), where the accumula-
tion of metals in urban garden soils has been also found
(Szolnoki et al. 2013). In Sopron, Varga et al. (1999) analyzed
the topsoil (0–5 cm) next to urban trees several years ago, but
a city-wide investigation has not been carried out since then.

The objective of the present work was to assess the condi-
tion of the soil of the city by measuring its physical and
chemical properties and toxic elements (Co, Cd, Cu, Pb, Zn,
and Ni), as these metals are especially detrimental to human
health. There is abundant literature about pollution limits of
heavy metals in soils and plants (Blume 1992), even for
complete ecosystems (Zöttl 1987). In recent years, several
studies have been carried out in Hungary on the heavy metal
pollution of soils next to public roads, as a function of distance
and time (Kovács and Nyári 1984; Szolnoki et al. 2013). The
different heavy metals released by urban traffic first spread in
the air, then reach the soil and the plants (Fiedler 1990). The
largest proportion of these toxic heavy metals originate from
fuels (Pb), corrosion of vehicle chassis (Zn, Cu), and from tire
wear (Cd). Some of the metals have no substantially detri-
mental effects; in fact, Cu, Co, Zn, and Ni are even essential
for living organisms but only in low amounts and are only
toxic at high levels. However, Cd and Pb accumulate in organs
thus are highly poisonous (Blume 1992; Szabó 1996). The
mobility of metals in soils depends on the pH; thus, their
accumulation can be observed most frequently in the upper
layers in the form of complexes (Zöttl 1987). The hydrogen
ions of acidic compounds can replace the metal ions from
these metal-humus complex molecules and also from the
surface of clay minerals (McEldowney et al. 1993; Szegedi
1999a). Complex stability usually decreases with the acidifi-
cation of the soil, influencing the migration of the metals into
the deeper layers and into the soil solution, making these
pollutants available to urban plants. The pH of urban soils is
mostly in the alkaline range (Lehmann 2007), which has also
been confirmed by the present research. Under these

circumstances, Co and Cd are moderately mobile, while Pb,
Zn, Ni, and Cu are weakly mobile (McEldowney et al. 1993).
With the increase of the metal content of the soils, species
diversity and biological activity decrease (emerging of metal-
bearing plant species). This can lead to increased levels of
organic matter which are also accompanied by high CaCO3

contents in urban soils. The connection between the condition
of soils and land use was also evaluated. By drawing infor-
mative maps, specific local problems can be revealed, and the
condition of urban soils could be improved.

2 Materials and methods

The studied area was the township of Sopron, located in the
north-western part of Hungary at the western border of the
country. The area of the city has been inhabited since the
prehistoric age. In the Roman age, the city was called
Scarbantia. In 1277, the city was named Suprun, and it be-
came a free royal city. During the times of Turkish occupation,
the city was the center of the unoccupied part of the country. In
1676, a conflagration destroyed most of Sopron. During
World War II, the city survived many air raids (Tóth 2011).
Most of the city is located in the Sopron-Basin, which is
situated between the Fertőside Hills and the Sopron Hills.
The city is covered by Neogene deposits (Dövényi 2010).
The Sopron Hills were formed 580–520 Ma ago during the
Cambrian period and probably consist of the oldest rocks in
Hungary (gneiss and mica-schist). Tertiary deposits (e.g.,
Badenian clay) still cover a significant area of the city, but
they are often overlain by a good water-bearing gravel cover,
many meters thick of the predecessor of the Ikva creek, and
also by glacial loam, as well as by washover loess sediment
with recent (Holocene) alluvium. Luvisols typically evolved
in the Sopron Hills and in the suburb. In the Sopron Basin,
where most of the city is located, the characteristic type of
soils is Fluvisols, but in the downtown, they turn to
Technosols (calcic) (Charzyński et al. 2013; Sándor et al.
2013; IUSS Working Group WRB 2007). The climate of the
city is temperate cold with an annual precipitation of 500–
600 mm. In the Sopron Hills, the amount of annual precipita-
tion exceeds 750 mm (Dövényi 2010). The present research
may provide a useful basis for studying the future develop-
ment of the quality of urban soils and for the implementation
of suitable treatment and protection strategies. Nowadays, the
largest anthropogenic effects appear in the areas of city con-
struction and in the soils of the city center. In order to inves-
tigate soil properties, samples from a large number of sites
were collected as indicated in Fig. 1. Sample collection was
carried out during the spring of 2011.

The soil samples were taken on 104 points, from depths of
0–10 and 10–20 cm, in a standard network also including
industrial zones. Altogether, 208 samples were analyzed,
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originating from 104 sampling points. The distance between
the points was generally 1 km in the suburban area and 0.5 km
in the downtown. GPS coordinates, elevation above sea level,
date of collection, type of urban area, information about land
usage, vegetation, plant species, type of covering, and origin
of soil were recorded for the sites. The following soil charac-
teristics were recorded: boundary between two layers, amount
of humus, structure, compactness, root system, skeletal per-
cent, Munsell color. In the laboratory, we measured soil pH
(potentiometrically in water); the texture of soils was deter-
mined by particle size distribution (Van Reeuwijk 2002) and
the values of the compactness (based on the yarn test of Arany,
which amount of water in cm3 added to a 100-g soil sample to
obtain a yarn) (MSZ-08-0205 1978; Stefanovits et al. 1999)
together. We determined calcium carbonate content (Scheibler
calcimeter) and soil organic matter content (FAO 1990). In
addition, the total nitrogen content, ammonium lactate/acetic
acid extractable (AL) potassium and phosphorus content, KCl
extractablemagnesium and calcium, ethylenediaminetetraace-
tic acid (EDTA) and diethylenetriaminepentaacetic acid
(DTPA) extractable Mn, Cu, Zn, and Fe were determined
(Bellér 1997) but will not be discussed. The results of the
field and laboratory measurements were represented in a GIS
system (Digiterra Map, ArcGIS). The categorization of the
soil samples was carried out as reviewed by Baranyai et al.
(1987), Bellér (1997), Stefanovits et al. (1999), and Juhász

(ed. 2006). Heavy metal contents were determined by the
method of Lakanen-Erviö (MSZ 21470–50 2006 – 0.5 mol/
dm3 NH4C2H3O2+ 0.5 mol/dm3 CH3COOH+0.02 mol/dm3

EDTA added for 5 g soil) using ICP technique. The study area
is full of urban gardens and green areas which belong to the
character of the city and its surroundings. This method had
been used because we will continue our work with analysis of
urban plants (indicators). The statistical processing of the
results was made with STATISTICA 11 (ANOVA, Basic
Statistic). Conclusions were drawn from the results and the
construction characteristics of the city and on earlier findings
(Horváth et al. 2013).

3 Results and discussion

Soil samples were first classified by land use type. About the
quarter of the samples originated from forested areas, which
are characteristic of the city and its surroundings. About 42 %
of the samples were collected in residential areas, traffic
zones, and industrial areas where human activity is the
highest. Figure 2 indicates that the proportion of seminatural
areas is still balanced compared to the degree of human
presence.

Soil pH is one of the most important soil parameters,
because it serves as a basis for the rest of the examinations.

Fig. 1 Sampling points and the investigated area
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The city is surrounded by the forests of the Sopron Hills,
where the soil is mostly acidic (pH=4.9 on average) deter-
mined significantly by the metamorphic bedrock. The city
area is covered with calcareous sediment, which is derived
from the geologic circumstances and from anthropogenic
effects. Therefore, most of the samples originating from this
area were alkaline or weakly alkaline in both layers (pH=7.3–
8.0). In 78 % of the soil samples, the pH(H20) was higher in
the lower layers. This can be regarded as a positive feature,
because technogenic pollutants can be absorbed better in
urban soils with slightly alkaline pH, and thus, they will
become immobilized. The contamination of the acidic soils
in forest areas surrounding the town might become a signifi-
cant problem in the future due to the increasing traffic. Toxic
elements from traffic become mobilized in acidic media and
can be leached into deeper layers of the soil causing signifi-
cant contamination of the soil solution. Average values of the
physical and chemical properties are summarized in Table 1
by land use.

The CaCO3 content of the soils was 10–11% in both layers
on average and showed a strong connection with soil pH.
Because of the presence of calcareous sediments, high con-
tents were measured in the whole area especially in the soils of
the old town (14 % CaCO3). One third of the samples of the
suburban area show the same result. In the city center, a
significant proportion of the CaCO3 may originate from
artefacts and from the waste of previous building operations.
Since this area has been inhabited since the prehistoric age,
undisturbed soils without any artefacts are rarely found.

The determination of the texture based on the results of the
particle size distribution by Van Reeuwijk (2002) and the
values of the yarn test of Arany (MSZ-08-0205 1978).
According to the particle size distribution, the samples belong

to silt fraction (0.05–0.002 mm). In addition, the values of the
yarn test of Arany (KA) showed that the samples were clayey
loam (KA=42–50—30% of the samples), clay (KA=50–60—
27 % of the samples), or heavy clay (KA>60—15 % of the
samples), but there were loam (KA=38–42—13 % of the
samples) also. In summary, the samples were predominantly
clayey. These types of soils can be characterized with good
absorbing capacity; although they can store water quite well,
this water is hardly available to the vegetation (Stefanovits
1992). On the south-western part of Sopron, compactness
values of the soils were often high in both levels. For many
samples, the joint analysis of the soil properties shows that the
high compactness values occur together with high amounts of
humus and high nitrogen. This phenomenon has been
established in all of the soil samples in the suburban forests.
The possible reason for this is that in these forest soils, the
substantial litter layer and the moisture content are seldom
affected by human disturbance; so, decomposition processes
are quick, which results in well-fertilized soils. Another ex-
planation could be that the humus content increases the water
storage capacity of the soils, which in turn increases the
compactness index (Bidló et al. 2012).

In the upper layers (0–10 cm), the highest average soil
organic matter content has been determined for forest lands
(8.08 %) and traffic zones (7.07 %). Lower values have been
measured in soils of the “other” category (4.19 %) and garden
areas (4.77 %). In the 10–20-cm layers, the highest organic
matter contents were determined at the banks of creeks and lake
shores (5.63 %) as well as in the soils of public parks (5.21 %).
The lowest values were measured in garden areas (3.43 %) and
residential zones (3.8 %). There was a radial increase with the
distance from the city center, which can be attributed to the
increasing proportion of forests in the outskirts. These results
also confirm previous results on the high carbon storage capac-
ity of forested areas, especially in topsoils (Juhász et al. 2008).

For evaluating heavy metal concentrations, the orders of
the Ministry of Rural Development (6/2009. (IV. 14.) KvVM-
EüM-FVM) and 10/2000. (VI. 2) KöM-EüM-FVM-KHVM)
were considered, which specify pollution limits for heavy
metals in soils and water. In addition, we took into consider-
ation the suggested temporary pollution limits by Kádár
(1998), who used the method of Lakanen-Erviö also. Results
and evaluation for the six toxic heavy metals are summarized
in Table 2.

Background concentrations give representative values for
the natural or close to natural levels for each of the metals.
After comparison with the background concentrations, the
correlation between layers was analyzed, presupposing that
there is a relationship between the data of upper and lower
layers. It has been established that there is a strong correlation
between the concentrations in the upper and lower layers of
single sampling points, as demonstrated in the amounts of Cu
(Fig. 3).

Fig. 2 Distribution of the samples according to land use type
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No significant differences have been found between the
two layers, regarding the order of magnitude of the levels of
Cd, Co, Cu, Ni, Pb, and Zn. Comparing the two layers, it
clearly cannot be said that the upper layer is more polluted
than the lower layer. Many samples could be characterized
with heavy metal contents exceeding the permissible limits,
mostly in the upper layers, but the deeper layers contained

even higher levels of the metals in some of the samples. This
could possibly be explained mainly by the soil pH, although
metal mobility is also determined by several other factors or
soil properties (organic matter content and its quality, and clay
content) (Szabó 1996). These properties influence the mobil-
ity of metals, as well as the location of these sampling points
and their daily rate of load. The mobility and plant availability

Table 1 Properties of the investigated soils— average values of particle size analysis, soil pH, CaCO3 content, soil organic matter, and compactness (the
yarn number of Arany) in soils categorized by land use types and soil layer depth, n number of samples

Land use category Sampling
depth

n Percentage of fractions (%) pH (H2O) Soil organic
matter

Yarn number
of Arany

qty 2.0–0.05 mm 0.05–0.002 mm <0.002 mm % % %

Forested areas 0–10 cm 28 63.21 21.01 15.78 5.5 7 8.08 55

10–20 cm 28 62.23 21.35 16.42 5.3 6 4.63 46

Garden areas 0–10 cm 7 55.57 22.57 21.86 7.5 13 4.77 47

10–20 cm 7 54.15 21.14 24.71 7.6 12 3.43 43

Viticulture areas 0–10 cm 4 49.98 19.98 30.04 7.5 11 6.46 53

10–20 cm 4 50.00 19.00 31.00 7.0 10 4.90 53

Agricultural areas 0–10 cm 7 51.86 21.14 27.00 7.3 8 5.74 52

10–20 cm 7 49.00 22.57 28.43 7.5 7 4.39 47

Residential areas 0–10 cm 17 58.53 19.88 21.59 7.6 13 5.72 49

10–20 cm 17 56.64 20.71 22.65 7.8 13 3.80 44

Traffic areas 0–10 cm 13 58.07 20.62 21.31 7.7 16 7.07 52

10–20 cm 13 58.23 19.69 22.08 7.9 16 4.11 45

Industrial areas 0–10 cm 5 67.00 16.80 16.20 7.8 19 5.55 46

10–20 cm 5 65.40 17.20 17.40 8.0 18 3.85 43

Creek and lake banks 0–10 cm 10 58.80 19.80 21.40 7.7 14 6.64 57

10–20 cm 10 58.60 19.80 21.60 7.8 14 5.63 51

Parks 0–10 cm 6 55.34 21.33 23.33 7.7 14 6.79 56

10–20 cm 6 56.01 19.33 24.66 7.9 13 5.21 50

Other 0–10 cm 7 51.57 26.00 22.43 7.5 20 4.19 55

10–20 cm 7 50.71 24.00 25.29 7.7 20 4.23 50

Table 2 Heavy metal concentrations in the soil samples; n number of samples

Sampling depth n Cd Co Cu Ni Pb Zn

qty mg/kg

0–10 cm Mean 104 1.62 20.63 118.39 25.74 124.55 132.95

Min. 104 0.37 3.58 11.46 5.51 27.57 26.78

Max. 104 6.74 64.16 1221.00 98.71 558.70 606.50

Std. deviation 104 0.84 11.23 203.65 14.14 84.41 111.14

10–20 cm Mean 104 1.52 21.13 121.39 25.31 120.49 101.58

Min. 104 0.17 5.39 10.88 4.11 25.41 16.38

Max. 104 6.14 55.86 1,449 70.99 586.7 578.6

Std. deviation 104 0.85 11.35 233.55 14.32 98.82 98.06

Background concentration 104 0.5 15 30 25 25 100

Pollution limit 104 1 30 75 40 100 200

Background concentration and pollution limit values based on decrees of Ministry of Rural Development (6/2009. (IV.14.) KvVM-EüM-FVM and 10/
2000. (VI. 2) KöM-EüM-FVM-KHVM). All concentrations are in indicated in mg/kg
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of heavy metals depend on their origin. Anthropogenic metals
are mostly very mobile and readily accessible by plants
(Kabata-Pendias 1993; Szolnoki et al. 2013). Fekete (1989)
used the method of Lakanen-Erviö to investigate topsoil sam-
ples on the area of Hungary. He found low average values,
which were close to the natural background limits, but since
then, we have changed our environment. Figures 4 and 5
depict the levels of the Pb in both soil layers. It was found
that in the downtown areas, both layers are polluted with Pb,
as these places are subjected to a continuous load. The soils of
the suburbs contain lower levels of Pb, possibly because the
intermittent traffic allows the metal to bind to the humus and
to accumulate in the topsoil layer (Figs. 4 and 5).

The Pb levels are generally high in the soils of the city in
spite of the fact that the use of leaded fuel was officially
prohibited in the beginning of the 1990s. Accumulation is
characteristic to the upper layers, although intense and high
amounts of precipitation are supposed to render Pb mobile
even in alkaline media. The concentrations of Pb far exceed
the Hungarian pollution limit (100 mg Pb/kg), established in
6/2009 joint decree (Table 2). According to the suggested
natural background level (10 mg Pb/kg), the pollution limit
(25 mg Pb/kg) and intervention pollution limits (C1 75–150,
C2 150–300, C3 >300 mg Pb/kg—depending on the sensitiv-
ity of the area) for Pb by Kádár, our values can be character-
ized predominantly in C2 intervention pollution limit. The
concentration of Pb decreases slightly in the topmost soil
layers while moving from the traffic affected downtown to-
ward the suburban areas of the city. Nevertheless, the subur-
ban soils are more acidic; so, even low traffic can increase the
mobility of Pb in an acidic media. A weak linear relationship
was established between Pb and Zn contents of the upper soil
layers. In 40% of the upper and in 34% of the lower soil layer

samples, Zn levels were higher than the specified background
contamination level (100 mg/kg). Overall, 30 out of the 208
samples exceeded allowable pollution limits. In 8 sampling
sites, both of the soil layers (16 samples) were heavily con-
taminated with Zn (concentration levels exceeding
200 mg/kg). However, only a fraction of the Zn occurring in
the soils originates from traffic itself (Szolnoki et al. 2013), as
Zn and its compounds are also present in household
appliances and are also widely used for industrial and
agricultural purposes. Considering the whole area of the city,
Zn levels are predominantly lower than prescribed limit
values; thus, the local increase in the concentrations cannot
be related directly to the intensity of the traffic. Kádár (1993)
has already measured accumulation in traffic and industrial
zones with the method of Lakanen-Erviö (Csathó 1994).
According to the suggested natural background level (5 mg
Zn/kg), the pollution limit (20 mg Zn/kg), and intervention
pollution limits (C1 40–80, C2 80–160, C3 >160 mg Zn/kg—
depending on the sensitivity of the area) for Zn by Kádár
(1998), our results were mostly higher than these limits.

The Cd levels were high throughout the whole city.
Accumulation was found in both of the soil layers.
Altogether, 80 % of the samples (85 % of the upper layers
and 75 % of the lower layers) were found to contain Cd in
higher concentrations than the allowed limit (1 mg/kg). This
contamination can originate from the combustion of wastes,
waste waters, and traffic (tire wear). The levels of Cd can
reach as high as 3 mg/kg in soils next to public roads. The
levels of Cd that are absorbed can be significant in alkaline
soils while in acidic forest sites, it can become more available
to plants.

For copper, only 20 % of the samples exceeded the natural
background level (30 mg Cu/kg), while the limit of

Fig. 3 Relationship between the
copper content of the upper and
lower layers of single sampling
points
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Fig. 4 Pb content in upper layer (0–10-cm depth)

Fig. 5 Pb content in lower layer (10–20-cm depth)

J Soils Sediments (2015) 15:1825–1835 1831



contamination was surpassed by 40 % of the samples.
Compared to the suggested natural background level (10 mg
Cu/kg), the pollution limit (40 mg Cu/kg) and intervention
pollution limits (C1 90–140, C2 140–190, C3 >190 mg Cu/
kg—depending on the sensitivity of the area) for Cu by Kádár
(1998), the copper values were higher in every case than the
pollution limit. The measurements have also confirmed pre-
vious results, determined in the soils of suburban vineyards
and residential areas. Viticulture and agriculture (using a
Bordeaux mixture) can be the reasonable sources of the ele-
vated Cu levels. The high Cu levels determined in the lower
soil layers in the downtown area can possibly originate from
the corrosion of copper wires, as Cu accumulates in undis-
turbed soils typically in the topmost layers (Szegedi 1999b).

Figure 6 demonstrates strong linear relationships between
Co and Ni contents in different depths of the soils. These
metals are important in the formation of some rocks; their
joint presence is evident. The main source of these metals is
the natural bedrock, but due to technogenic factors (e.g.,
combustion), they have accumulated. The natural occurrence

of Co and Ni is 18 and 25mg/kg, respectively, and bothmetals
are essential for living organisms in low concentrations. It has
been established that neither of the metals accumulated in the
0–10-cm layer of the soil, but their concentrations increased in
lower layers systematically. This proves that these metals are
more mobile than Pb (as they do not form complexes with
humic substances) and thus are leached into the deeper layers
of the soil (Szegedi 1999b). Neither Ni nor Co reached pollu-
tion limit values (40 mg Co/kg; 50 mg Ni/kg), but near-limit
levels were found next to agricultural areas and city parks. The
Co and the Ni values were under the suggested intervention
pollution limits of Kádár (1998).

While analyzing land use types (Table 3), it has been
established that there are two categories which are subjected
to high environmental load: In garden and viticulture areas,
only one metal, namely, Cu, had elevated levels in the soils.
This could be explained by the intensive use of Cu containing
chemicals in these areas. The samplings were carried out
during the spring, after the period of ground frosts at the
beginning of sprouting when intense agricultural work had

Fig. 6 Connection between Ni
and Co contents in different
depths
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already commenced, possibly contributing to the high Cu
levels.

On the other hand, the soils of parks could be characterized
by the elevated levels of several of the heavy metals in both
layers. Pollutants absorb on surface of the green areas
of the city or are washed into the soils of parks as these
locations provide a suitable surface for the infiltration of
heavy metals.

4 Conclusions

There are relationships between polluting heavy metal con-
centrations and land use in the topsoils of the city of Sopron.
Comparing the two investigated layers, it could not be said
that the upper layer is more polluted than the lower layer. The
acidic soil pH of the parental material can be observed in both
layers on the southwest forest territories of the city, moreover
the—so far insignificant—alkalizing of the city territories
compared to the surroundings due to the land-shaping activ-
ities of mankind. The CaCO3 content of soils is determined by
the extent of disturbance and by the deposit of artefacts. The
study area could be characterized by clayey loam and clay

textures, and the upper layer contains more organic matter
(more than 4 % by average by land use) than the lower layer
on the whole investigated area. The Pb content was over the
Hungarian pollution limit (>100 mg Pb/kg) in both layers for
the entire Sopron area. Urban soils with the highest Cu content
have been collected from garden and viticulture areas. That
could be the result of the use of pesticides at the surrounding
vineyards. Cd contents were also higher than Hungarian pol-
lution limit (>1 mg Cd/kg), the highest values detected in
traffic zones, where these values could be more than 3 mg
Cd/kg according to the literature. The Co, Ni, and Zn results
were under the pollution limits in most cases on sampling
points (<30 mg Co/kg; <40 mg Ni/kg; <200 mg Zn/kg), but
the average values were higher than limits based on land use
categories. The highest average values of Zn and Pb were
found in the soils of parks, but ultimately, this land use
category is considered the most polluted. This contamination
of Pb, Zn, and Cd, originating from traffic, is bound in the
soils of urban green areas. In the future, a detailed investiga-
tion of these polluted green areas and analysis of urban plants
will be carried out, which have effects on human health. Based
on our experiments, the unique character of the city is fading
away, the qualification of the peripheral areas is changing, the

Table 3 Mean and standard deviation values of heavy metal in soils, categorized by land use types and soil layer depth, n number of samples

Land use category Sampling depth n Cd Co Cu Ni Pb Zn

qty mg/kg

Forested areas 0–10 cm 28 1.2±0.6 22.0±10.9 42.2±56.6 20.7±17.0 123.1±61.8 111.7±117,7

10–20 cm 28 0.9±0.6 19.7±7.9 27.1±15.7 15.8±10.7 89.5±43.7 59.9±42,4

Garden areas 0–10 cm 7 1.3±0.7 24.7±10.5 527.5±510.2 29.4±13.7 95.5±39.6 103.8±117.7

10–20 cm 7 1.6±0.3 25.6±9.0 596.2±600.5 32.1±11.2 106.2±46.0 97.8±42.4

Viticulture areas 0–10 cm 4 1.4±0.9 28.2±13.9 453.1±455.6 24.7±12.5 95.3±33.2 130.7±58.3

10–20 cm 4 1.6±0.7 28.7±14.2 413.1±573.2 26.2±11.8 326.1±40.4 111.2±70.2

Agricultural areas 0–10 cm 7 1.8±0.3 30.8±12.9 88.9±30.4 43.3±16.1 109.2±27.8 151.9±146.3

10–20 cm 7 1.8±0.3 31.7±11.8 98.7±34.2 45.6±16.0 116.9±33.4 125.0±91.2

Residential areas 0–10 cm 17 1.8±0.7 20.2±13.4 101.1±57.9 26.6±13.0 163.2±128.0 159.1±104.1

10–20 cm 17 1.7±0.8 23.9±14.7 100.1±74.2 27.8±16.2 134.4±106.6 111.7±80.6

Traffic areas 0–10 cm 13 2.3±1.7 18.2±7.1 86.0±46.4 26.3±8.2 134.4±106.1 155.6±167.3

10–20 cm 13 2.1±1.6 18.3±9.3 88.6±56.7 25.7±10.6 143.6±146.1 133.8±167.2

Industrial areas 0–10 cm 5 1.7±0.4 16.1±11.6 54.9±14.1 23.7±12.8 104.1±40.6 121.0±50.2

10–20 cm 5 1.4±0.7 15.1±15.8 47.9±24.7 21.4±15.8 93.7±48.4 84.7±59.8

Creek and lake banks 0–10 cm 10 1.7±0.6 15.5±5.8 89.7±46.1 27.4±8.3 113.0±61.4 151.4±94.5

10–20 cm 10 1.9±0.6 15.7±6.2 108.1±67.6 27.8±7.1 131.9±82.8 158.1±158.8

Parks 0–10 cm 6 1.8±0.4 22.8±12.7 97.7±23.6 30.9±12.4 195.4±113.0 198.0±74.6

10–20 cm 6 1.8±0.3 24.4±16.0 98.5±49.2 31.8±13.6 269.9±208.1 149.5±97.1

Other 0–10 cm 7 1.3±0.3 11.0±5.0 58.8±70.9 16.8±7.1 49.6±14.8 50.2±12.6

10–20 cm 7 1.4±0.2 15.2±7.4 83.9±79.6 22.9±13.8 69.1±36.0 49.0±8.6

Background concentration 0.5 15 30 25 25 100

Pollution limit 1 30 40 100 200

Background concentration and pollution limit values based on decrees of Ministry of Rural Development (6/2009. (IV.14.) KvVM-EüM-FVM and 10/
2000. (VI.2) KöM-EüM-FVM-KHVM). All concentrations are indicated in mg/mg
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usage of the land is condensing, all of which lead to the
declining quality of urban soil.
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