CBU INTERNATIONAL CONFERENCE ON INNOVATIONS IN SCIENCE AND EDUCATION 2020 (NATURAL SCIENCES AND ICT)
MARCH 18-20, 2020, PRAGUE, CZECH REPUBLIC WWW.CBUIC.CZ

ACCUMULATION AND MOBILE FORMS OF SOME HEAVY METALS
IN ROADSIDE URBAN SOILS

Bogdan Nikolov?, Slaveya Petrova?, Iliana Velcheva®, Nikola Angelov?,
Ekaterina Valcheva®, Penka Zapryanova®, Gergana Hristozova’, Evelina Varbanova?®,
Deyana Georgieva®, Violeta Stefanova?®

Abstract: The accumulation of heavy metals and toxic elements in the topsoil horizon of urban areas is a big environmental
problem as they could have long-term implications not only for the soils themselves but also on the human health and well-
being. Many studies have shown that there is a clear relationship between the level of urbanization, volume of traffic, intensity
of anthropogenic activities and heavy metal load.

We aimed to analyze the accumulation of heavy metals at urban roadside soils and to assess the proportion of their mobile
forms. The total content and mobile forms of Cu, Mn, Pb and Zn in soils samples collected along the main boulevards of
Plovdiv (Bulgaria) was determined by two instrumental methods - ICP-OES and ICP-MS.

The maximal concentrations were found in the Central and Eastern administrative regions of the city of Plovdiv. This finding
well correlated with the wind rose characteristics and urban gradient theory. Our results revealed that the mobile forms of Mn
represented 1.38-2.21% of total content and the mobile forms of Zn represented 8.48-11.81% of total content in studied urban
soils. Mobile forms of Cu and Pb varied significantly and were in the range of 7.04-14.2% and 7.3-18.67% of the total content,
respectively.
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Introduction

Accumulation of heavy metals and toxic elements into soil surface layers is particularly visible in urban
areas which are intensively managed by humans (Walczak et al., 2011). A wide range of substances
being produced through combustion of fuels, abrasion of vehicle exploitation materials (mainly tires),
road de-icing, and industrial processes are emitted to the urban environment. These are mainly toxic
gases and dust enriched with heavy metals. Such contamination undergoes dry and wet atmospheric
deposition and penetrates into soils (Mcbride et al., 2014; Shang et al., 2012). The transformed structure
and chemistry of soils may lead to serious disturbances in their physio-chemical properties, biological
activity and functioning, as well to the impoverishment of vegetation cover (Hu et al., 2013; Mao et al.,
2014; Nikolov et al., 2019; Swiercz & Zajecka, 2018; Wu, 2014). It is widely considered that the
chemical forms of heavy metals determine their mobility in soil and their bioavailability, hence they
determine also and the strength of their toxicity (Doichinova et al., 2014; Lu et al., 2003).

Urban areas occupy only about 5% of the Earth, but indeed many people live in them (Johnson et al.,

2011). Urban soils reflect the impact of different anthropogenic activities on the environment as they
represent a medium which is more sustainable in time and space than air or water, thus their ecological
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properties could correlate with the quality of life for the population (Tarzia et al., 2002). A large number
of researchers have reported that the type of land use as well as the type of land cover are crucial for
sustainable management of soils and their properties. However, there is still a lack of sufficient
knowledge as a scientific basis for understanding the urban soil biogeochemistry, so such studies from
different urban areas are very useful (Mao et al., 2014). One of the main goals of environmental
geochemistry now is to track the abundances of chemical elements in the urban soils, to explain their
genesis and to distinguish the lithogenic, pedogenic and anthropogenic inputs (Alekseenko &
Alekseenko, 2014).

Many studies have shown that there is a clear relationship between level of urbanization, volume of
traffic, intensity of anthropogenic activities and heavy metals load (Pfeiffer et al., 1991; Albasel &
Cottenie, 1985; Zheng et al., 2002). The survey on the accumulation of heavy metals in the soils of urban
green spaces in Seville, Spain, revealed an exceedance of Pb, Zn and Cu in comparison with the hygiene
norms (Madrid et al., 2002). The study of large parks in Stara Zagora (Bulgaria) proved technogenic
loads on soils with heavy metals on the bases of technogenic coefficients and coefficient of abnormality
but without risks for ecosystems (Petkov et al., 2010).

Soils surveyed in the city of Skarzysko-Kamienna (Poland) indicated the exceeded values for heavy
metal concentrations, especially Pb and Zn, which may have an anthropogenic background (Swiercz &
Zajecka, 2018). After detailed analyses, some point sources of soil contamination with these chemical
elements have been established. At the same time, a higher content of heavy metals was reported for the
soils of industrial areas, rather than for those of urban allotment gardens and urban green areas.

Links between soil pollution with heavy metals and age of the park are determined also (Li et al., 2001;
Hou et al., 2015). Increased accumulation of Cd, Cu, Pb, Zn and other heavy metals was observed in the
soil of the old city parks located in commercial and industrial areas, and this is attributed to the
automobile and industrial activities in the areas (Du et al., 2013). Recent research in some of the oldest
urban parks of Sofia revealed that lead was imported to the soils mainly through dust particles
(particulate matter) and accumulated in the surface layers of soil from urban parks (Kachova &
Atanassova, 2017). The data on the chemical variability in the total Cu and Cd concentrations confirmed
that Cd and Pb are inferred as markers of anthropogenic pollution, Cu contents are attributed to
litho(pedo)genic sources, while Zn is both of anthropogenic and litho(pedo)genic origin.

Based on the above mentioned, we aimed to analyze the accumulation of heavy metals in urban roadside
soils and to assess the proportion of their mobile forms.

Data and methodology

Study area

The city of Plovdiv is located at 24°45' east longitude and 42°09' north latitude, at an altitude of 160 m
a.s.l. It is the second largest city in Bulgaria after Sofia and is also one of the most densely populated
cities in the country with almost 350,000 inhabitants per 102 km? (NSI, 2018). According to the General
plan of the territory of Plovdiv (2007), the city’s area is divided into six administrative regions -
Northern, Eastern, Southern, Western, Central, Trakiya. Within the city are located six syenite hills,
some industrial zones, compact central zone, some suburbs, wide network of busy streets and
boulevards, two train tracks, several big and many smaller green areas.

Sample collection

Soil samples were taken in March 2019 from areas situated along the main boulevard in each of the
administrative regions (Fig. 1). The material was collected on the depth of 0-20 cm and each sample
was formed by five subsamples (Petrova et al., 2013).

Laboratory analyses

The pH of the collected roadside soil samples was measured using a pHotoFlex Set, 2512000, WTW-
Germany.

The total content of the studied metals (Cu, Mn, Zn and Pb) in air dried soil samples was estimated after
MW digestion in closed PTFE vessels (ETHOS ONE, Milestone) by using a mixture of HNO3z+H.0,.
The extraction of mobile forms was performed according the 1SO 14870 method. All reagents used for
both sample preparations are high purity analytical grade. For a control of possible contamination due
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to the regents or sample preparation procedure, balk samples are prepared and analyzed for every sample
batch.

Figure 1: Map of Plovdiv and location of sampling plots

Legend: E-Eastern administrative region; W-Western administrative region; N-Northern
administrative region; S-Southern administrative region; C-Central administrative region; T-Trakiya
administrative region

= O

Source: Authors

Two ICP based analytical techniques were used for the determination of the total content and mobile
forms. The total content of Cu (324.754 nm), Mn (348.291 nm), Zn (206.200 nm) and Pb (220.353nm)
was determined by ICP-OES (iCAP 6300 Duo,S, Thermo Scientific) at the appointed spectral lines by
axial plasma observation with an exception of Mn ( for which radial plasma view mode was used).
Inductively Coupled Plasma Mass Spectrometer (ICP-MS Agilent 7700 Tokyo, Japan) with octopole
reaction system (ORS) and helium as collision gas was used for the determination of the mobile forms.
The following isotopes were monitored: 5*Mn, $3Cu, ®°Cu, %Zn, ®Zn, 2% Pb and 2% Pb.

The calibration solutions were prepared after appropriate dilution of Multi VI (30 elements in HNOs,
Merck, Darmstadt, Germany), traceable to NIST. For on-line correction of non-spectral matrix effect in
ICP-MS 1%°Rh was used as an internal standard. Both instrumental methods are validated via analysis of
a certified reference material (CRM) Loam Soil ERM®- CC141. The same material was used for quality
control purposes. A portion of CRM was digested and analyzed together with samples.

The measured concentrations of all tested elements were statistically comparable with the declared
certified values (for extraction with Aqua Regia). Data were presented as mean values in mg/kg with
corresponding expanded uncertainties (k=2).

Statistical analyses

A descriptive analysis was obtained using the following variables: mean, median, range (minimum and
maximum), standard deviation, and coefficient of variation. In order to test the differences of elemental
concentrations, both between total content and mobile forms of studied elements in urban soils from six
administrative regions, a t-test was performed (p<0.05). In order to analyze the relationship between the
total content and mobile forms of studied elements a linear regression analysis was used (p<0.05).
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Results and Discussion

Based to their genesis, the soils in the Plovdiv area are classified as Fluvisol according to FAO World
Reference Base for Soil Resources (2014). Due to the prolonged human presence on the studied territory
(more than 8000 years) and the increasing temps of urbanization in the last decades, soil properties are
significantly influenced, and it is more appropriate to discuss them as Technosols (Petrova et al., 2018).

Soils from the studied urban roadsides are slightly acidic to neutral with pH values ranging from 6.23
to 6.7 (Table 1). The soils were characterised with a small pH variation as evidenced by the calculated
coefficients of variation. Our data well correspond with the findings of Golcz et al. (2014), as well as
Dzierzanowski & Gawronski (2011), that urban areas have either neutral or alkaline pH. Physio-
chemical properties of urban soils depend on the geological characteristics of substrate as well as the
properties and structure of the urban environment (Greinert, 2015). As noted by Park et al. (2010),
physio-chemical properties of soils are derivatives of the city age and spatial structure. Here they include
factors influencing soils in various stages of urban development and concerns both industry and
transportation growth, as well as the intensity of urbanisation. Moreover, soils are subject to numerous
land-use treatments and thus unequivocally transform their structure and physio-chemical properties.

The content of heavy metals in the studied urban soils reflect the variability of Cu, Mn, Pb and Zn both
as total content and mobile forms (Table 1). The highest total content of Pb and Zn was reported for the
Eastern administrative region of Plovdiv, while for Mn, maximums were found in the Northern and
Central administrative regions. Cu content was quite similar (49-56 mg/kg) in four administrative
regions and significantly lower in the others (32-36 mg/kg). These findings could be related to the city’s
specific topography and the wind rose characteristics — the prevailing winds in the year are from the
West to East, rarely from the South, so they blow the pollutants to the Central and Eastern regions. On
the northern side of the city is situated the North Industrial Area, and to the southern side is located one
of the biggest non-ferrous plant on the Balkan Peninsula — KCM 2000 LTD. Their contribution to the
urban air pollution could be significant in some cases (Petrova et al., 2013).

The highest coefficients of variation were noted for Pb— 0.44 for total content and 0.58 for mobile forms.
As a whole, all studied elements showed a higher coefficient of variation of mobile forms in comparison
to the variation of total content. An exception was found only for Mn, where soil content of the mobile
forms does not vary as much as the total content. This could be due to its stronger retention in soil
complex and its weaker extraction, respectively.

Table 1: Statistical analysis of the content of Cu, Mn, Pb and Zn in urban roadside soils from Plovdiv

. Cu Mn Pb Zn
Roadside %
soil pH Mobile | % of Mobile Mobile | % of Mobile | % of
sample Total forms | total Total forms t(;)t];I Total forms | total Total forms | total
E 6.46 | 50 7.1 14.2 | 508 8.2 |1.61| 100 | 17.0 | 17.0 | 160 | 16.0 | 10.0
W 6.23| 36 3.2 8.88 | 524 8.0 |1.53| 56 8.9 |15.89| 141 | 13.0 | 9.22
N 6.33| 56 5.8 |10.36| 691 95 |1.38| 52 6.8 |13.08| 127 | 15.0 |11.81
S 6.29 | 32 41 |12.81| 421 93 |221| 30 5.6 |18.67| 74 6.9 9.32
C 6.40 | 54 3.8 7.04 | 594 94 |158| 38 46 |12.04| 99 9.1 9.19
T 6.70 | 49 4.1 8.37 | 499 9.4 |1.88| 59 5.3 8.98 | 79 6.7 8.48

Mean |6.40|46.17| 4.68 |10.28|539.5| 8.97 |1.70|55.87| 8.03 |14.28]113.3| 11.12 | 9.67
Median | 637495 | 41 |9.62 |516.0] 9.35 [1.60|54.0 | 6.2 [14.49|113.0] 11.05 | 9.27
Min 6.23]320| 32 |704 (4210 80 |138|300| 46 |898|740]| 6.7 |848
Max 6.7 15.0] 71 [142 (6910 95 |221]100.0| 17.0 |18.67|160.0] 16.0 |11.81
SD 0171985 | 147 | 275 |9256| 0.68 |0.30|2431| 464 | 357 |34.82] 4.09 | 115

Cogff._of 003021 | 031 | 027|017 | 008 |0.18| 044 | 058 |0.25|031| 0.38 |0.12
variation

Source: Authors

The median values of almost all soil samples for Pb were lower in comparison with the median value
specified for the urban soils from 34 European cities (102 mg/kg d.m.) (Luo et al., 2012), except roadside
soil from the Eastern administrative region which had a similar Pb content. Lead belongs to those toxic
chemical elements which are released due to emission of car exhaust fumes (Ferreira et al., 2016). Our
data were significantly lower in comparison to the values recorded for the green areas located in the city
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centre of Skarzysko-Kamienna (Poland) which were similar to those observed for its suburbs (Swiercz&
Zajecka, 2018).

Copper is a chemical element widely distributed in nature, and its content in urban soils is involved in
many processes. The main sources of this heavy metal are emissions of car exhaust fumes as well as
abrasion of car tire treads and road surfaces (Ferreira et al, 2016). Our results for total Cu content were
quite similar to the mean value for European cities - 46 mg/kg d.m. (Luo et al., 2012) and also to the
data reported for the city centre of Skarzysko-Kamienna (Poland) (Swiercz& Zajecka, 2018).

The Zn concentrations in our study ranged from 74-160 mg/kg with a median of 113 mg/kg, while the
median for European cities amounted to 130 mg/kg d.m. (Luo et al., 2012). Zinc may be released from
anti-corrosion coatings as well as directly from transported goods (Ferdeous & Manalo, 2014).
Anthropogenic enrichment of areas lying along railways in Zn is also noted by Witkomirski et al. (2011)
in the studies conducted in the areas of a railway station in the town of Itawa (Poland). Our previous
studies on the territory of the city of Plovdiv have shown that Zn in soils is both of anthropogenic and
litho(pedo)genic origin (Nikolov et al., 2019).

Soil accumulation of heavy metals in urban areas is closely related to the emission of car exhaust fumes
and abrasion of brake components (Dolezalova Weissmannova et al., 2015). Analysis of correlation
coefficients may contribute to the identification of relationships among the analysed heavy metals, as
well as indicate their sources and common origins (Salah et al., 2015). The correlation coefficient at a
level of > 0.7 indicates extremely strong relationships among the analysed pairs of data (Pam et al.,
2011). In our study, we found two pairs of elements with high correlation coefficients: Cu-Mn (R=0.77)
and Pb-Zn (R=0.75). The close relationships could be successfully used for better understanding the
genesis of heavy metals and the factors to their migration. The studies conducted by Salah et al (2015)
suggest that Cu, Pb and Zn belong to the group of lithologically related heavy metals. Significant
correlation among these heavy metals may indicate their natural origins associated with the chemistry
of parent rocks. However, Dolezalova Weissmannova et al. (2015) and Hu et al. (2013) point out that
the given linear relationships among heavy metals in urban soils may be a derivative of environmental
pressure and anthropogenic enrichment in heavy metals. Dolezalova Weissmannova et al. (2015) notice
strong relationships among Cu-Cd and Pb-Zn-Cu in the soils of Ostrava (Czech Republic), while Hu et
al. (2013) obtain relationships among Zn-Cu, Cd-Pb and Zn-Pb in the soils of Guangdong Province
(China).

The regression trend line shows a strong relationship between the total and mobile forms of Pb and Zn
in urban soils (Fig. 2). The R? values show that 83% and 91% of the variance in mobile forms of Pb and
Zn respectively is explained by the variance of their total content.

Figure 2: Linear regression models of Pb and Zn content in urban soils
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Conclusion

The maximal concentrations of studied elements in urban soils were found in the Central, Northern and
Eastern administrative regions of the city of Plovdiv. This finding well correlated with the wind rose
characteristics and urban gradient theory. Our results revealed that the mobile forms of Mn represented
1.38-2.21% of total content and the mobile forms of Zn represented 8.48-11.81% of total content in
studied urban soils. Mobile forms of Cu and Pb varied significantly and were in the range of 7.04-14.2%
and 7.3-18.67% of the total content, respectively. The highest coefficients of variation were noted for
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Pb — 0.44 for total content and 0.58 for mobile forms. As a whole, all studied elements showed higher
coefficients of variation of mobile forms in comparison with the variation of total content.
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