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Abstract Along an urbanization gradient, we explored 
the soil metal pollution in Vienna, Austria. We analyzed 
the physical and chemical parameters of topsoil from 
urban, suburban, and rural areas. The following ele-
ments were quantified using ICP-OES technique: Al, B, 
Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, 
Pb, S, Sr, and Zn. For heavy metals, PI (pollution index) 
values were used to assess the level of pollution. We 
found that the concentration of Cu, Pb, Sr, and Zn was 
higher in the urban and suburban area than in the rural 
area. The PI values indicated a moderate level of pol-
lution by Cd (1 ≤ PI ≤ 2) along the urbanization gradi-
ent. We found a low level of pollution for Cr, Cu, Ni, 
Pb, and Zn (PI ≤ 1) in studied areas. Our findings dem-
onstrated the presence of anthropogenic contamination, 
and it is likely that traffic emission may be the major 
source of metal pollution in Vienna. Our findings also 

demonstrated that the elemental analysis of soil and the 
values of PI are adequate indicators of the level of pollu-
tion based on soil sample analysis in urban ecosystems.

Keywords Pollution index · Heavy metals · 
Urbanization; Physical-chemical parameters

1 Introduction

Soil heavy metal pollution is in the focus of research 
globally due to its toxicity, high level of bioaccumula-
tion, and persistence (Zhang and Wang  2020). Heavy 
metals can accumulate significantly in soils and can leak 
into the groundwater, rivers, the atmosphere, and crops, 
posing a serious threat to humans and ecosystems (Jia 
et al., 2020). The sources of heavy metals may be both 
natural (lithogenic inputs) and anthropogenic origin (Li 
et al., 2019). Traffic emissions, industrial discharge, and 
municipal wastes are all anthropogenic sources of soil 
heavy metals in metropolitan settings. Mining, smelting, 
vehicle exhaust, and pesticide and fertilizer applications 
are the main sources of heavy metals in agricultural soils 
(Bhuiyan et al., 2021; Liu et al., 2021). Soil is a living, 
non-renewable resource and its ecological condition has 
an impact on food production and environmental effi-
ciency. Soil quality is influenced by its inherent com-
position as well as changes brought about by anthropo-
genic use and management (De Paul Obade, 2019).

Among minor elements in soil, the estimated Cu 
concentration in the Earth crust is 55 mg  kg−1. In 
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Austria, due to contamination Cu concentration is 332 
mg  kg−1 in local rivers (Pirkl and Kralik,  1988). The 
mean crust concentration for Zn is 70 mg  kg−1 in the 
soil, while earlier studies demonstrated that the soil 
contamination threshold limit for Zn is 300 mg  kg−1 in 
Austria (Sager, 2007). In the Earth crust, the Cd con-
centration is 0.2 mg  kg−1, and the threshold limit of Cd 
is 1.0 mg  kg−1 for contamination (Sager  2007). The 
median concentration of Pb in Austrian soil is 6–33 mg 
 kg−1, while the average concentration of Pb in the Earth 
crust is 18 mg  kg−1 (Sager  2007).

Pfleiderer et al. (2012) demonstrated local anomaly 
threshold limit for minor elements in the soil in Vienna. 
In local level, the following threshold concentrations 
were reported for minor elements: Cd: 0.8 mg  kg−1, Cu: 
60 mg  kg−1, Cr: 45 mg  kg−1, Ni: 33 mg  kg−1, Pb: 100 
mg  kg−1, and Zn: 200 mg  kg−1 (Pfleiderer et al., 2012). 
These concentrations are not higher than the national 
guideline values for uncontaminated urban soils (Eik-
mann & Kloke, 2004). Zeiss (2021) also reported that 
the minor element concentrations were below guideline 
thresholds, but in some garden sites the Pb, Cd, and Zn 
concentration exceeded Austrian recommended limits. 
Pfleiderer et  al. (2010) reported that the main source 
of minor elements (Cd, Cu, Pb, and Zn) was anthropo-
genic, especially traffic. Pfleiderer et  al. (2010, 2012) 
also demonstrated that the concentrations of these 
elements increased in the past years. Thus, the con-
centrations of these elements in the soil in Vienna are 
therefore considered to be caused by anthropogenic 
contamination (Pfleiderer et al.2010, 2012).

Our study aimed at to investigate element concen-
trations, particularly metal concentrations in soil along 
an urbanization gradient in Vienna, Austria. Using the 
PI (pollution index), we explored the pollution levels 
based on macro- and microelement concentrations of 
soil samples. We hypothesized that pollutant levels 
increased dramatically along urbanization gradients 
(rural, suburban, and urban), and the pollution index is 
useful indicator of the ecological condition of the soil.

2  Material and Methods

2.1  Study Sites

Sampling areas were in and around the city of 
Vienna, Austria. The population size is two million 
people, with a density of around 4000 persons per 

square kilometer. The average annual temperature 
is 10–20 °C, and the rainfall is 1000–2000 mm. The 
main pollution source is traffic emission, which is 
created by multiple roads and highways with heavy 
traffic. The effect of urbanization on the soil was 
studied along an urbanization gradient. Along the 
gradient, three areas were selected: rural, suburban, 
and urban area. The rural area was Lainzer Tiergar-
ten along the Lainz district (48°16′N, 16°25′E). The 
suburban area was Kurpark in the district of Oberlaa 
(48°14′N, 16°40′E). The urban area was Stadtpark 
(48°20′N, 16°38′E) near the city center (Fig. 1).

2.2  Sample Collection and Pre-treatment

Soil samples (N = 45) were collected along an urban-
ization gradient representing rural, suburban, and 
urban areas. At each sampling area, five soil samples 
were collected from five places. All samples were 
taken from a depth of 0–20 cm with a small hand 
spade. Samples were placed into poly bags and kept 
at −21 °C in the refrigerator.

2.3  Soil Parameter Analysis

To measure the pH and electrical conductivity of the 
soil samples, soil solutions were prepared from 5.00 
± 0.03 g soil samples and 30 ml distilled water. The 
pH and electrical conductivity were measured with a 
pH meter and electrical conductivity meter (Hach HQd 
Field Case No. 58258-00). To the determination of soil 
moisture content, 5.00 ± 0.01 g of soil samples were 
measured in beakers, followed by the drying of the 
samples for 24 h at 105 °C and by a re-weighting of 
all the samples (Simon et al., 2013, 2016; Valkó et al., 
2013). Arany-type plasticity index was calculated by 
the following equation: PA = 100 * V/M, where “V” is 
the amount of deionized water used, while “M” is the 
weight of the soil. The measured soil water capacity 
can be assigned to the following soil texture categories: 
PA < 25: coarse sand, PA = 25–30: sand, PA = 31–37: 
sandy loam, PA = 38–42: loam, PA = 43–50: clay 
loam, PA = 51–60: clay, and PA > 60: heavy clay soils.

For organic matter content determination, the sam-
ples (0.100 ± 0.001 g) were cremated at 550 °C for 4 
h in a muffle furnace (Nabertherm L5/C6, Germany). 
To determine the organic matter content of sediment, 
the loss on ignition method was used. The loss on 
ignition was calculated with the following equation:
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where LOI550 was the percentage of loss on igni-
tion at 550 °C, DW105 was the dry weight of samples 
at 105 °C, and DW550 was the weight of the sample 
at 550 °C (Bengtsson and Enell 1986; Heiri et  al. 
2001; Balogh et al. 2016). For the calcium-carbon-
ate content analysis, three samples (0.2 g) were cre-
mated at 950 °C for 2 h in a muffle furnace and the 
calcium carbonate content was calculated in tripli-
cate based on the following equation:

where LOI950 was the percentage of loss on igni-
tion at 950 °C, DW105 was the dry weight of samples 
at 105 °C, DW550 was the weight of the sample at 
550 °C, and DW950 was the dry weight of samples 

LOI
550

=

(
(

DW
105

− DW
550

)

DW
105

)

∗ 100

LOI
950

=

(
(

DW
550

− DW
950

)

DW
105

)

∗ 100

at 950 °C (Bengtsson and Enell 1986; Heiri et  al. 
2001; Santisteban et al. 2004; Balogh et al. 2016).

Before the elemental analysis, soil samples 
were dried; stones, plant roots, and residues were 
removed with plastic tweezers. Samples were sieved 
in 2-mm plastic sieve. Then the samples were 
homogenized with a knife mill (Retsch GM 200) 
and stored in plastic tubes until pre-treatment. For 
elemental analysis, 0.1000 ± 0.0017 g of dried soil 
samples were digested using the 4.5 ml 65% (m/m) 
nitric acid and 0.5 ml 30% (m/m) hydrogen perox-
ide at 70 °C. Digested samples were diluted to 25 ml 
with deionized water. The following elements were 
analyzed with an inductively coupled plasma optical 
emission spectrometer (ICP-OES Agilent 5110): Al, 
B, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, 
Ni, P, Pb, S, Sr, and Zn. Soil (SQC001-30G) CRM 
was used, and the recoveries were within 10% of 
the certified values for the elements (Molnár et  al., 
2020; Simon et al., 2013, 2016).

Fig. 1  Map of the studied areas in Vienna
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2.4  Pollution Index

The PI was used to assess the pollution levels of urban 
soils, which was defined as a ratio of metal concentra-
tion in the soil and the geochemical concentration of 
metals (Faiz et al., 2009; Wei and Yang, 2010):

where Cn is the measured concentration and Bn 
is the background concentration. The following 
pollution categories were: PI ≤ 1 low level, 1 ≤ PI 
≤ 2 moderate level, 2 ≤ PI ≤ 5 high level, PI ≥ 5 
extremely high level of pollution (Faiz et al, 2009; 
Lu et  al., 2007; Wei and Yang, 2010). The thresh-
old concentration of Cd, Cr, Cu, Ni, Pb, and Zn was 
used based on earlier reported data by Pfleiderer 
et al. (2012).

2.5  Statistical Analysis

We assessed the separation between the rural, sub-
urban, and urban area based on the physical and 
chemical parameters a using canonical discrimi-
nant analysis (CDA). The canonical discriminant 
analysis is a multivariate method which is used to 
analyze multivariate samples of the elemental con-
centrations. In the studied case, we analyzed and 
demonstrated whether the studied areas are different 
based on the basic physical and chemical parame-
ters and elemental concentrations of soils. The dif-
ferences among studied areas along the urbanization 
gradient based on physical and chemical parameters 
were assessed using variance analysis (ANOVA). 
The homogeneity of variance was studied using 
Levene’s test (De Sá, 2007).

PI =
C
n

B
n

3  Results

3.1  Basic Physical and Chemical Parameters of Soil

Based on basic physical and chemical parameters of soil, 
canonical discriminant analysis (CDA) did not show 
strong separation among the studied areas. The first dis-
criminant functions (CDA1) contributed to 64.6% of the 
total variance, while the second one (CDA2) contributed 
35.4% of the total variance. Furthermore, the canonical 
correlation was 0.632 for CDA1 and 0.517 for CDA2.

There were significant differences for all the param-
eters, except the content of calcium carbonate and 
Arany-type plasticity index (Supplementary Informa-
tion Table 1). We found higher pH levels in the suburban 
area than in the rural one. A significant difference was 
also found in the case of electrical conductivity; its level 
higher was higher in the suburban and urban areas than 
in the rural one. The lowest soil moisture and organic 
matter content were found in the urban area (Table 1).

3.2  Elemental Concentrations of Soil

CDA showed total separation based on the major and 
minor elements among the studied areas (Figs. 2 and 
3). For major elements, a little overlap was found 
between the suburban and rural areas, while over-
lap was found between the suburban and rural areas 
based on the minor element concentration. The first 
discriminant functions (CDA1) contributed to 56.7% 
of the total variance, while the second one (CDA2) 
contributed to 43.3% of the total variance for major 
elements. In the case of minor elements, CDA1 con-
tributed to 81.3% of the total variance, while CDA2 
contributed 18.7% of the total variance. Furthermore, 
canonical correlation was 0.813 (major elements) and 

Table 1  Basic physical 
and chemical parameters of 
soil along the urbanization 
gradient. Notations: 
different superscripts 
indicate significant 
differences (p < 0.05)

Parameters Studied areas

Rural Suburban Urban

pH 7.1 ± 0.1a 7.8 ± 0.1b 7.5 ± 0.1ab

Electrical conductivity, μS  cm−2 372 ±  91a 931 ±  73b 516 ±  67b

Moisture content, % 35 ±  3ab 28 ±  4a 22 ±  3b

Organic matter, % 12.7 ± 0.8ab 12.3 ± 0.5a 10.0 ± 2.6b

Calcium carbonate, % 6.7 ± 2.3 7.8 ± 1.3 6.0 ± 1.5
Arany-type plasticity index 36 ± 4 43 ± 4 41 ± 3
Soil texture Sandy loam Clay loam Loam
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Fig. 2  CDA scatterplot 
based on the major element 
concentration of soil

Fig. 3  CDA scatterplot 
based on the minor element 
concentration of soil
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0.906 (minor elements) for CDA1 and 0.773 (major 
elements) and 0.717 (minor elements) for CDA2.

Along the urbanization gradient, there were significant 
differences for Al, Co, Cr, Cu, Fe, K, Li, Ni, P, Pb, Sr, and 
Zn. There were significantly higher Al, Co, Fe, Li, Ni, and 
P concentrations in the rural area than in the urban one 
(Table 2). Using the Tukey multiple comparison test, the 
differences were not significant between the suburban and 
rural areas for Co, Fe, Ni, and P. In the case of Cu, Pb, Sr, 
and Zn, the metal concentrations were significantly higher 
in the urban and suburban area than in the rural one (p ≤ 
0.05). We found that the Al, Co, Fe, and Li concentrations 
are significantly lower in the urban area than in the subur-
ban and rural ones (Table 2).

3.3  Pollution Index

For Cd, the PI value is higher than 1 t along the 
urbanization gradient in all the areas, indicating a 
moderate level of pollution (Fig. 4). In the case of 
other elements (Cr, Cu, Ni, Pb, and Zn), low level 
of pollution was found (Fig. 5).

4  Discussion

During the research, we focused on the physical 
and chemical parameters of soil in Vienna, Austria, 
along an urbanization gradient. We used PI (pollu-
tion index) values for metals to assess the level of 

Table 2  The concentration of major and minor elements 
(mean ± SD, mg  kg−1) in the soil samples along the urbaniza-
tion gradient. Notations: different legends indicate the signifi-
cant differences (p < 0.05)

Elements Studied areas

Rural Suburban Urban

Al 10,128 ±  850a 9787 ±  465a 7096 ±  264b

B 23 ± 3 21 ± 2 28 ± 4
Ba 98 ± 9 103 ± 4 107 ± 4
Ca 35,379 ± 12,468 54,150 ± 4091 47,005 ± 3927
Cd 1.6 ± 0.1 1.5 ± 0.1 1.4 ± 0.1
Co 7.7 ± 0.7a 7.4 ± 0.3a 5.5 ± 0.2b

Cr 19 ± 1 19 ± 1 15 ± 1
Cu 25 ±  3a 39 ±  3b 49 ±  2c

Fe 18,285 ±  1464ab 16,970 ±  713a 14,098 ±  498b

K 1689 ±  158a 2422 ±  146b 1830 ±  81ab

Li 28 ±  2a 29 ±  1a 20 ±  1b

Mg 10,827 ± 2805 12,695 ± 1256 12,121 ± 1146
Mn 623 ± 72 553 ± 22 464 ± 19
Na 210 ± 20 233 ± 17 252 ± 23
Ni 28 ±  2a 26 ±  1a 20 ±  1b

P 459 ±  66a 849 ±  50a 1500 ±  196b

Pb 25 ±  4a 36 ±  3a 79 ±  8b

S 395 ± 30 406 ± 12 422 ± 12
Sr 51 ±  8a 75 ±  3b 69 ±  4ab

Zn 78 ±  7a 88 ±  3a 130 ±  5b

Fig. 4  Value of pollution 
index (PI) which indicated a 
moderate level of pollution 
for Cd  along the urbaniza-
tion gradient (mean ± SE)
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pollution. We found extremely high level of Cd pol-
lution in each area along the urbanization gradient. 
We also found a high level of pollution for Cu and 
Pb in the urban area, while Co, Ni, and Zn showed a 
moderate level of pollution in urban and rural areas. 
Similar to earlier studies, we demonstrated that soils 
are in a good condition in Vienna, but their ecological 

functionality is at risk due to the diffuse and local 
accumulation of pollutants (Gentile et al., 2009). Our 
results also showed that the values of PI are adequate 
indicators to assess the level of pollution based on 
soil sample analysis in urban ecosystems.

Blum et  al. (2005) reported a moderate regional 
forest soil acidification in Lower Austria, Salzburg, 

Fig. 5  Value of pollution index (PI) for Cr (a), Cu (b), Ni (c), Pb (d), and Zn (e) which indicated a low level of pollution along the 
urbanization gradient (mean ± SE)
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Tyrol, and Vorarlberg. The high P, S, Ca, and Mg 
concentration and the value of pH in our study did 
not support it. We demonstrated higher Mn, Al, Fe, 
and K concentrations in the soil of the urban area, 
which indicated variations in soil among different 
parts of Vienna. The relationship between physi-
ochemical parameters and the elemental concen-
tration of soil indicated that the alkaline pH values 
resulted in higher Ca and Mg concentrations in the 
urban and suburban areas (Ogbodo, 2012). Soil 
organic matter is an essential component of soil 
quality; it has an important role in carbon seques-
tration, nutrient cycling, distribution of pesticides, 
and pollutants and water retention (Mehmood et al., 
2021; Sündermann et  al. 2015). Contradicting ear-
lier studies, we found relatively high organic mat-
ter content in Vienna (11.7 ± 1.3%). In Salzburg, 
the soil organic matter content usually was 8% in 
the topsoil, whereas in Lower Austria usually it 
was less than 2% (Blum et  al., 2005). The content 
of soil organic matter depends on the geological and 
climatic conditions, plant cover, utilization of the 
soil, and the age of soil layers (Mishra et al., 2010; 
Schmidt et  al., 2011). Kralik (1999) reported that 
strongly acidic areas were found in Styria and Tyrol, 
and the organic matter, especially the humus con-
tent, was very low in agricultural used soil, which 
rate was higher in west of Austria than the east part 
of Austria. Soil cation exchange capacity (CEC) is 
an important factor controlling the soil buffer capac-
ity, fertilization, and soil nutrient capacity (Chen 
et  al., 2019). Earlier studies reported that metal 
availability was affected by cation exchange capac-
ity (Zhen et al., 2019). Blum et al. (2005) reported 
low cation exchange capacity in Lower Austria and 
Burgenland where the sensitivity of acidification 
level may be high. Tomašić et  al. (2013) demon-
strated that pH was positively correlated with CEC 
and high organic matter content and clay conduced 
to the higher CEC values because both had a large 
number of negative charges on their surface which 
attracted and hold cations. Kobler et  al. (2010) 
reported that the extent of minor elements (Pb and 
Cd) migration was largely influenced by soil type. 
Soil texture is loam in Vienna based on the Arany-
type plasticity index. Barsova et  al. (2019) demon-
strated higher metal concentration in neutral loam 
soil than acid and sandy loam soil types. Rodríguez-
Eugenio et  al. (2018) reported that heavy metal 

concentration on the soils depends on the different 
types of land use and other anthropogenic activities. 
Urban soils are often reported to have high levels of 
Cd, Pb, Zn, and Cu (Madrid et al., 2002). Maas et al. 
(2010) presented that soil acts as a sink for heavy 
metals through sorption, complexation, and precipi-
tation reactions. Langner et al. (2011) reported that 
the Cd, Cu, and Pb concentration in soils adjacent 
to homes increased due to anthropogenic inputs 
of the elements and organic matter over time. The 
land uses significantly affected the accumulation 
of heavy metals in urban soils and the Cd, Pb, Cu, 
and Zn accumulations would increase linearly with 
urban age, the number of years since establishment. 
In Austria, Cu contamination can be detected mostly 
in the surroundings of industrial sites processing 
copper ore and in areas with intensive animal hus-
bandry (Gentile et  al., 2009). Our results indicated 
that there are significant differences in the pollution 
level between the rural, suburban, and urban areas. 
For lead is exceeded in the soils of Tyro at 9.2% 
of the of the sites, and in Salzburg at 3.6% of them 
based on earlier studies in which high transit traffic 
makes the valley of the Inn River the most polluted 
region in Tyrol (Kralik, 1999). In the urban area, Cd 
was found in extremely high concentrations, unlike 
in the suburban and rural areas. A closer distance 
to the city center and the vicinity of Austria’s most 
frequented highway may trigger this higher concen-
tration in the sampling areas. On the other hand, 
the suburban and rural areas also showed high soil 
contamination levels. This difference may be caused 
by the soil type and the variations in soil, caused by 
anthropogenic activities. Traffic and industrial emis-
sions are identified as the main sources of the accu-
mulation of heavy metals in urban soils in Austria. 
Gentile et  al. (2009) indicated that the Cd concen-
trations exceeded the guidance value in 5% of the 
monitoring sites in forests and in 6% of the sites in 
grassland areas. The closest pollution sources are 
industrial plants in the southeast of Vienna, which 
are outside the main wind direction (Zehetner et al., 
2009). High cadmium contents are partly explained 
by long-range pollution and subsequent deposition 
on exposed lopes and the Northern Calcareous Alps 
may be a naturally elevated content of cadmium 
(Kralik, 1999). We found higher Cd and Ni concen-
trations in the topsoil than Zehetner et  al. (2009), 
who studied the distribution of heavy metals across a 
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highway that connects the cities of Vienna, Austria, 
and Brno, Czech Republic. Zehetner et  al. (2009) 
also highlighted that roadside soil pollution is highly 
heterogeneous and traffic-borne heavy metals are 
more mobile than geogenic ones, covering greater 
distances from the source. Weiss et  al. (1994) also 
demonstrated that the correlation in soil concentra-
tions among the different groups of pollutants was 
very high, which indicates the existence of identical 
or adjacent sources for the soil pollution in the Linz 
area (Upper Austria). Pfleiderer et al. (2012) demon-
strated the presence of anthropogenic contamination 
because the Cd concentration was 25% higher, and 
the Pb concentration was 36% higher in traffic and 
industrial areas than in the parks of Vienna (Pflei-
derer et al. 2012).

5  Conclusion

In this study, the element concentrations of soils 
were used to assess the effects of urbanization on the 
ecological condition of urban ecosystem in Vienna. 
Using the pollution index, we demonstrated that the 
level of pollution is moderate for Cd (1 ≤ PI ≤ 2) and 
low for Cr, Cu, Ni, Pb, and Zn along the urbaniza-
tion gradient in Vienna. Our findings indicated that 
the traffic emission may be the major source of the 
metal pollution in Vienna, because the concentra-
tion of these metals was higher than their background 
concentration. Our findings also demonstrated that 
the elemental analysis of soil and the values of PI are 
adequate indicators to assess the level of pollution 
based on soil sample analysis in urban ecosystems.
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