Presence of the Potential Toxic Metals (PTMs) in the urban and peri-urban topsoils
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Abstract
The occurrence of the PTEs contamination in the environment resulting from the point or diffuse sources increases with globalization and population growth. Anyway the benefits of home gardening for the physiological and physical well-being, as well as uncertainties regarding food supply chain in the case of Covid-19, the desire to use home-grown (local) food is increasing more and more. There is no information available on the PTE pollution of urban soils used for the food production in Slovenia. Therefore, the main goal of present study is the characterization of urban gardens and agricultural areas affected by flooded sediments. The total concentrations of PTEs in soil and sediment samples were ICP-MS. The concentrations of PTEs (As, Cd, Cr, Cu, Ni, Pb and Zn) exceeded the permissible limit values defined in Slovenian Official Gazette. To define the natural or artificial origin of PTEs, the mineralogical composition of the selected soils and sediments was determined. The results obtained in present study were correlated with the national background values measured in the upper soil horizon and showed elevated concentrations. In addition to the environmental issues, the social aspect of potential impacts of PTEs on human health and safety was investigated. The results show that despite the numerous local, national and international plans and measures, greater awareness of the general public is needed to understand the hazardous effects of PTEs and the need for appropriate management of contaminated soil in the case contaminated areas. 
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1 Introduction
Traditionally, agricultural production has been tied to rural areas, but in recent decades, especially in time of the rapid growth of urban population, in 2007, the population of urban areas overtook that of rural areas for the first time and continues to grow - and potential economic, environmental and social impacts of long-distance transport of food, the urban gardening has become a perfect solution for overcoming such difficulties, and bringing both economic and health benefits to the citizens. The urban agriculture is developing fast and brings improvement to the food safety and reduced poverty (UN-Habitat 2013). The predictions (UN, 2018) indicate that the world’s population in urban areas will rise up to 68% by 2050 therefore sustainable development will depend heavily on the successful management of urban growth. Unsustainable land use, soil degradation and the loss of ecosystem services due to land degradation present a big threat to the the future generations. Although Slovenia is a small country of about 20,000 km2 and 2 million inhabitants, it still faces environmental problems, such as soil sealing, soil pollution, loss of the agricultural land, ecosystems and biodiversity which are partly result of dispersed settlement, illegal construction and irrational land use. Especially, so-called “wild urbanization”, which is not in line with spatial planning and nature-based solutions (NBS) principles, poses increasing threat to the land degradation (Plyra et al., 2021). New industries and shopping centres are emerging on the best agricultural land, while the cities are full of abandoned old industrial degraded areas from which all sides would benefit from NBS.
Already in mid-1960 Jack Smit introduced food production in urban environment (Bellows et al., 2010), later known as “urban gardening”, but according to Hamilton et al. (2014), the global and regional scale of urban agriculture needs to be quantified more rigorously. FAO (1997) refers to “urban” agriculture as small areas within the city (e.g. vacant plots, gardens, verges, balconies, containers) for growing crops. “Peri-urban” agriculture refers to farm units close to the city that operate intensive semi or fully commercial farms. Urban agriculture serves to satisfy the needs of the urban population and to provide access to local markets with fresh, seasonal products, less need for packaging, storage and transport, provides jobs and indirectly reduces the amount of waste (Bailkey et al., 2000; Viljoen, 2005; Hampwaye et al., 2013), as well it brings psychological and physical health benefit to the garden owners (Chalmin-Pui et al. 2021, Theodourou et al 2021). According to Orsini et al. (2013) and Niknov et al. (2018), the multi-functionality of urban agriculture will become crucial for urban supply in the future and will be of considerable benefit for the social-economy, culture, education, recreation and yet for ecology and the environment. However, according to FAO (1997), urban agriculture often reflects risks, such as environmental and health risks from inappropriate agricultural and aquaculture practices, as well as a reduced capacity of the environment for pollutants absorption. In addition, urban agriculture rises awareness of the environmental impacts of the industrial food system and the need to address the social needs of urban inhabitants (FAO, 2010).
Urban gardening is a whole and unique system in which the air-soil-water-plant system has a particular dynamic due to its anthropogenic sources (Ercilla-Montserrat et al., 2018). The origin of pollutants in the urban environment is largely artificial (Mielke et al. 1983; Khan et al. 2008; Charlesworth et al., 2011; Nazzal et al. 2013; Martínez-Bravo et al., 2019, Xie et al. 2021). Contamination of agricultural crops occur either through contact with contaminated soil, water or air pollution, or through the rapid application of phytopharmaceuticals and fertilizers (e.g. Rizzu et al 2021, Xiang et al. 2021). Furthermore intensive use of fertilizers is also negatively influencing soil quality and biodiversity (Wang et al., 2016); OECD, 2020), thus new regulations are being developed in EU (EU 2019/1009).  In addition to pesticides, plastics and other chemical substances, potentially toxic elements (PTEs) are widely recognized in urban areas and are, even in low concentration, dangerous to humans in long- term exposure (Proshad et al. 2021). Several authors indicated that exposure to PTEs may be higher for urban gardeners and their families, as they are more exposed to the contaminated dust as well as the dust deposited on edible crops that have the ability to incorporate PTE into their tissue (Finster et al., 2004; Saumel et al., 2012; Khan et al., 2008; Attanayake et al., 2014; Aubry et al., 2019). Urban or near-urban gardens are usually laid out in uncultivated or abandoned residential areas. These areas are unlikely to be characterized before agricultural activity begins (Finster et al., 2004, Lawson, 2007, Gatiboni et al., 2020). PTEs can be mobile and geochemical fractionation is heterogeneous at the soil particle scales (Burt et al. 2014) and is influenced by several site-specific factors (geography, geology, management, etc.)
The aim of the present study was to characterize urban and peri-urban gardens and agricultural land as well as river sediments that influence agricultural land by flooding. In addition, the present research also touches on the social aspect of gardeners’ knowledge and behaviour in case of cultivation of crops on contaminated soils. 
2 Materials and methods
2.1 Geographical and geological setting 
The soil type is mainly influenced by geology and topography, with lithology influencing the mineral (inorganic) components and other physical and chemical properties of the soil, while topography influences the microclimate and erosion processes (shallow and the deep colluvial soils are formed on the slopes and at the foot of the hill) (Vidić et all., 2015).
The eastern part of Slovenia, known as Styria, stretches from the Mur River and the Slovenian hills in the north east down to the Sava River on the south west. With the two largest cities Maribor and Celje, the region of Styria has about 700,000 inhabitants (about 35% of the Slovenian population). 
The study area was divided into three separate research polygons: Polygon 1 – Maribor area; Polygons 2 and 2a − Dravinja River Valley; and Polygon 3 − Žalec area (Figure 1). The geology of the area (Figure 2) has a strong influence on the soil type. Furthermore, human activities (e.g. intensive agriculture, industry, traffic) also influence the soil and change its composition and chemistry.
In the area of Maribor (Polygon 1) the largest river in polygon is Drava River. The sediments transported by Drava River originate mainly from the regions of metamorphic and igneous rocks in the upper Drava River valley covering Slovenia and Austria and consists of the following minerals of quartz, amphibole, zircon, epidote, rutile and etc. Towards the downstream of Drava River the Quaternary deposits are thicker, and the alluvial plain is wider. In the wider area of Maribor, siliciclastic rocks predominate, while carbonate deposits are less represented (Mioč & Žnidarčič, 1989; Gaberšek & Gosar, 2017). In the southwestern part of Maribor area, the Pohorje Mountain consists of metamorphic and igneous rocks. Several different soil types are developed in the area: eutric cambisols (eutric brown soils on sandy gravel sediments; eutric brown soils on marlstone), dystric cambisols (dystric brown soils on non-calcareous sandy gravel sediments, dystric brown soils on metamorphic rocks), deeply cultivated soils (eutric), alluvial soils (eutric), and hypogleys (eutric) (Vidić et al., 2015).
Maribor – the second larger city in Slovenia - is an old industrial city with extensive urban agriculture development in past years and the first city in Slovenia with adopted circular economy strategy in 2018 (Municipality of Maribor, 2018). The city municipality owns large areas available for urban gardening. In the case of some gardens strictly ecological gardening is implemented while for others no special rules applies therefore different types of urban gardens were sampled in the study. 

The Dravinja Valley (Polygon 2 for the upper and middle course of river and Polygon 2a for the lower course of river and outflow to Drava River) consists mainly of metamorphic rocks (gneiss, mica-schist, chloritic-amphibolitic schist and phylitoids) (Mioč, 1978). Alluvial and fluvial sediments were deposited from Dravinja River across the Dravinja Valley all the way to intersection with Drava River, near Ptuj. The most predominant sediments in the vicinity of Ptuj (Polygon 2a) are cobles of quartz sandstone, conglomerate and clay with stream, slope wash and talus deposits (Mioč, 1978). The geological background composition influences the soil type of polygon 2 and varies from eutric brown soils on alluvial-colluvial sediments and deluvium; eutric brown soils on loams and clays; dystric brown soils on loam and clay; dystric brown soils on metamorphic rocks; dlluvial soils (eutric), alluvial soils (gleyic, eutric), pseudogleys on slope and plains (eutric) (Vidić et al., 2015). In the area of Ptuj, several different soil types have been developed (Polygon 2a): dystric brown soils on non-calcareous sandy gravel sediments, Undeveloped soils on alluvial deposits, alluvial soils (eutric, calcaric), rendzinas on soft carbonate rocks (Vidić et al., 2015). 
The whole research polygon 2 and 2a - the Dravinja River Valley from the source to the estuary − was selected to quantify the impact of the floods on the urban and peri-urban agricultural areas. Most of this polygon classifies under the Natura 2000 management programme and has been divided into two separate sub-polygons to monitor the mountainous area and urban area beyond the river (Polygon 2), as well as the flooded parts (Polygon 2a). Therefore, gardens and larger agricultural fields along the river were taken into account. 

The area of Žalec (Polygon 3) represents the young tectonic depression where Pliocene and Quaternary carbonates, clay and alluvial sediments were deposited by the Savinja River. The northern part of the area consists of volcanic and volcanoclastic rocks (Buser, 1977). Different types of soils are developed: eutric cambisols (eutric brown soils on alluvial sediments; eutric brown soils on sandy gravel sediments), dystric cambisols (dystric brown soils on clastic rocks), alluvial soils (eutric), pseudogleys on slope and plains (dystric), hypogleys (eutric) (Vidić et al., 2015).  
This polygon was chosen because of its proximity to the highway connecting the east part of Slovenia with the capital Ljubljana. It is also close to the old industrial town of Celje, known mainly for its past zinc industry, and the area is situated in the direction of the N-S winds blowing from the Velenje city with the largest thermal power plant in Slovenia. 
Figure 1: Geographical setting of the research area with research Polygons (1, 2, 2a and 3). 
Figure 2 – Geological composition of Eastern Slovenia with marked research polygons
Figure 3: Four research polygons with sampling locations.

2.2 Sampling campaign 
In summer 2018 samples were collected from four research polygons and 45 locations (Figure 3) in Eastern Slovenia. In all four research polygons soils from the urban gardens and agricultural soils were sampled. In the case of the Polygons 2 and 2a freshwater sediments were collected to evaluate influence of flooding sediments on the agricultural areas.
Each area has been selected according to the geographical location of the urban and peri-urban agricultural areas and the sampling possibilities. Each urban garden was than divided on a square meter matrix, using corner reference points for sampling the upper soil layer (0.2 m in depth). The samples were collected using 0.2 m long cores with an internal diameter of 0.1 m, then packed in plastic bags and stored in the laboratory. After air drying, the samples were sieved through a 63 μm polyethylene sieve. Fine powder (particles smaller than 63 μm) was used for geochemical analyses. 
2.2.1 In-person survey 
At each sampling point, the landowners were asked about their way of gardening, the type of fertiliser and pesticides (natural and artificial) products they use, the frequency of products used, their usual practices of gardening (e.g. watering frequencies), whether they follow special rules (e.g. eco-gardening, permaculture, bio-dynamical gardening, intensive agriculture), whether they would show the packaging of the products used to check the composition and whether they have particular reasons/habits for gardening (e.g. land inheritance, low income, health reasons). Each landowner received a short presentation of the rules for safe gardening and after the executed characterization was carried out, the results were available on request. 

2.3 Mineralogical analyses 
All samples for mineralogical analysis were sieved through 63 μm sieve. The mineralogy of the samples was determined by X-ray diffraction using a Philips PW3710 X-ray diffractometer with Cu-Kα 1.5418 Ä radiation generated at 40 kV and 30 mV. The samples were scanned at a speed of 2°/min, over the range 2°–70° (2θ). The results were quantitatively evaluated using data from the PAN-ICSD database, version 2.3, according to the Rietveld method.

2.4 Chemical analysis 
For determination of total metal concentrations in samples, approximately 0.25 g of homogenised sample was weighed into a Teflon vessel. To each vessel, 4 mL of nitric acid s.p. (HNO3), 2 mL of hydrogen peroxide s.p. (H2O2), 2 mL of hydrofluoric acid s.p. (HF) and 1 mL of hydrochloric acid s.p. (HCl) were added. Samples were carefully mixed until the whole sample was wetted with acid. The Teflon® vessels were covered by vessel cups and left overnight. After 12 hours the Teflon® vessels were sealed and subjected to microwave digestion on a CEM Corporation (Matthews, NC, USA) CEM MARS 6 Microwave Acceleration Reaction System, using the following temperature regime: ramp to temperature T = 140 °C, 15 min, hold for 5 min at T = 140 °C, ramp to temperature T = 180 °C, 15 min, hold for 60 min at T = 180 °C and cool for 30 min. Than the Teflon® vessels were vented and the vessel caps removed. 12.5 mL of boric acid s.p. (H3BO3, 4% water solution) was added to each Teflon® vessel to dissolve fluorides. The Teflon® vessels were covered with vessel cups and again subjected to a closed microwave digestion according to the following temperature regime: ramp to temperature T= 180 °C , 15 min,  hold for 30 min at temperature T= 180 °C, cool for 30 min. After the digestion clear solution was obtained. The contents were quantitatively transferred into 30 mL graduated polypropylene tubes and filled to mark with ultra-pure water (Direct-Q 5 Ultrapure water system (Millipore Watertown, MA, USA).
The reference material CRM 320 - Trace elements in River Sediments, Community Bureau of Reference (Geel, Belgium) - was used to check the accuracy of the analytical procedure with the Inductively Coupled Plasma Mass Spectroscopy (ICP-MS; 7700x, Agilent Technologies, Tokyo, Japan). The same procedure, except that no sample was added, was used to determine the blank samples. Analyses were performed in two parallel determinations. In digested samples, metals were determined with ICP-MS under optimal measurement conditions. 

3 Results and discussion
3.1 Mineralogical composition
XRD analyses reviled that the samples consist mainly of quartz, plagioclase, muscovite and dolomite, followed by feldspars, chlorite, hornblende, calcite and kaolinite (Figure 4). No major deviations were observed in the mineralogical composition; moreover, the results are consistent with the geological setting of the Styrian region. Based on the mineralogical analyses, the geological setting of the investigated areas is not the main source of the PTEs detected in the soil and sediment samples examined. 
Figure 4: Mineralogical composition of the selected samples.
3.2 PTEs in the urban and peri-urban soils and river sediments
Measured PTEs in the soils and sediments of Eastern Slovenia are listed in Table 1. Attention has been focused on those PTEs that are most hazardous to natural ecosystems and consequently to human health. Separate results for the identified PTEs are given in Table 2 for soils and in Table 3 for sediments. Current Slovenian Legislation (Official Gazette, 1996) with the available lower, warning (action) and critical limits for As, Cd, Cr, Cu, Mo, Ni, Pb and Zn are listed in Table 2. 
Table 1: Concentration [mg/kg] of PTEs in soil and sediment samples (N=44).
Table 2: Concentration [mg/kg] of PTEs in soil samples (N=28).
In a general overview of the results obtained, 7 out of 11 determined PTEs were elevated in the investigated soils according to the Slovenian Official Gazette (Table 2, bold printed mean values). In the Slovenian Official Gazette the limit values only of certain PTE in soils exists, whereas no limiting values are available for PTEs in sediments as such. In addition to the urban agricultural soils, the present study focused on the river sediments, which are frequently flooded on agricultural land, so that the limit values for soils were used to compare the measured concentration of PTEs in sediments (Table 2). The bold printed mean values in Table 3 show that As, Cd, Cr, Cu, Ni, Pb and Zn measured in sediments also exceeded the permissible limit values. 
Table 3: Concentration [mg/kg] of PTE in sediment samples (N=16).

In the city of Maribor (Polygon 1) urban gardens are mainly contaminated by Cr (99−138 mg/kg), Cu (37−178 mg/kg), Ni (39−61 mg/kg), Pb (40−105 mg/kg), and Zn (110−696 mg/kg). Outside the city area, in the direction of Ptuj (Polygon 2a), where the main agricultural areas spread out and where Dravinja River discharges into Drava River, even higher values than in the city of Maribor are determined. Besides the Cr, Cu, Ni, Pb and Zn also As and Cd exceeded the threshold values with the following ranges: Cr (81−143 mg/kg), Cu (34−114 mg/kg), Ni (45−152 mg/kg), Pb (36−1096 mg/kg), Zn (100−3109 mg/kg), As (18−51 mg/kg) and Cd (0.15−14 mg/kg). Of the listed elements – Cd, Pb and Zn are above the critical limit values, As and Ni above the warning limit values and Cr above the lower limit values proposed by the Slovenian legislation. In the research Polygon 2, where Dravinja River flows, the same elevated PTEs are as in the Polygons 1 and 2a. PTEs in Polygon 2 exceed the permitted limit values and are as follows: As (9−21 mg/kg), Cd (0.42−1.38 mg/kg), Cr (93−189 mg/kg), Cu (31−126 mg/kg), Ni (43−193 mg/kg), Pb (28−109 mg/kg) and Zn (101−367 mg/kg). In the Polygon 3 the following elements were above the limit values: Cd (0.57−3.31 mg/kg), Cu (28−169 mg/kg), Ni (37−51 mg/kg), Pb (34−103 mg/kg) and Zn (108−440 mg/kg). 
Sediments present the sink for the PTE and are often flooded on the agricultural soils (Dravinja River floods 11 times a year). In comparison with other testing sites it is visible the influence of flooded sediments on PTE contamination of agricultural areas in the Dravinja Valley which is elevated from other studied sites. PTE concentrations in the Dravinja sediments and the soils on the research sites along the Dravinja channel were compared (Figure 5). The evaluation showed that in the case of the Dravinja River the contaminated sediments do not influence the PTE concentrations in the flooded soils. Furthermore, the influence of flood sediments often depends on soil mineralogy and texture properties that change spatially (Ponting et al., 2020), thus in present case agricultural activity most likely caused contamination of the soil. The study also showed that the highest concentration of PTEs in river sediments were not necessarily measured at the lower course of a river near the discharge to the Drava River, but that they are higher in the upper and middle course of a Dravinja River.
In order to determine the origins of the metal contents in urban soils, agricultural areas and river sediments, the results were compared with the geochemical background concentrations and threshold values for the PTEs in the Slovenian topsoil proposed by Gosar et al. (2019). The results obtained in the present study show higher median concentrations of all measured PTEs. This means, that over the years, PTEs are concentrated in urban gardens and agricultural areas and are not of natural origin (e.g. weathering of background rocks in the geological catchment area). Increased PTEs are therefore of anthropogenic origin, either from industry, transport or most due to intensive farming and gardening (use of pesticides and fertilisers). Based on the results of surveys conducted during the sampling campaign, gardeners and farmers in cities and suburban areas add compost, ashes, purchased substrates, artificial fertilizers every year. Almost none of these additives (which ware checked during sampling) had quality certificates or at least information about its composition, content of metals, or these were extremely rare for cost reasons. Even in the “urban eco garden” cases the PTEs exceeded the permissible limits while the gardeners claim to strictly follow the ecological way of gardening and they were also educated about ecological gardening. 
Figure 5: Comparison of the PTE content in flooding sediments and agricultural soils in Dravinja Valley (Research polygon 2).
Table 4: Geochemical background values of the PTEs in Slovenian topsoil.
The results of present study are well aligned with results of the human biomonitoring case studies, performed by Jožef Stefan Institute (IJS, 2015) between 2009 and 2014. This study aimed to evaluate the pollutant loads in samples of human blood and urine to estimate the risk assessment showed that people, living in urban areas in north-western Slovenia (Žalec, Maribor) are exposed to elevated concentration of certain PTE, compared to the average values in Slovenia. The biggest differences were observed in Cd and Cu values, whereas present study determined higher values than those determined as background values in Slovenia (Table 4). Arithmetic mean of Cd in blood in Savinjsko-Posavaska area (0.40 ng/ml) and Maribor (0.52 ng/ml) was above the Slovenian average value (0.38 ng/ml). Concentration of Cu was also elevated in Savinjsko-Posavska area (1012 ng/ml) and Maribor (978 ng/ml) compared to the Slovenian average value (967 ng/ml) of Cu in blood. Significant differences of Cu were also observed in the samples of urine, where values measured in the urine samples of people who live in above mentioned areas varied from 7.79 ng/ml (Maribor) to 10.26 ng/ml (Savinjsko-Posavska area) compared to the average Slovenian value (8.16 ng/ml). Differences were observed also in Pb (20.6 ng/ml) blood values, as well as Pb (0.71 ng/ml) and Zn (381 ng/ml) urine values, which were elevated in Savinjsko-Posavska area compared to Slovenian average values (blood: Pb = 20.2 ng/ml; urine: Pb = 0.69 ng/ml and Zn = 370 ng/ml) (IJS, 2015).

3.3 Contaminated soils and human perception
The study also investigated the perception of the environmental and health risks of potentially contaminated soils by exposed and non-exposed inhabitants, using personal communication with individuals (mainly landowners and local initiatives, where available). Among the polygons studied, 2 studied sites were contaminated, namely the area of the small village of Šturmovci, to which Dravinja River discharges into Drava River and which is heavily polluted by various industrial and sewage pollutants; and Žalec, a town located near the Celje city, which is known for its old zinc smelters that have caused severe contamination by metals and tar. Other investigated sites, such as Maribor and the Dravinja Valley, are in general considered safe for gardening. Apparently, residents living in or near the contaminated area felt stigmatized by the past contaminations in nearby city of Celje, where old zinc works is situated. 
According to a face to face survey, authors found that in the majority of people, the explicit attitude they themselves stated, did not correspond to their implicit attitude. This means that the majority (almost 90% of the people interviewed) consider themselves to be among those who are well informed about hazardous effects of contaminated soil and would state that, apart from the stigmatization, they garden in a nature-friendly and ecological manner and regularly consume food they have grown themselves. After presenting them with results from their gardens, which in most cases were contaminated with at least five PTEs they showed some degree of concern, but in most cases (98%) are not prepared to take further action. They are more likely to stick to the traditional way of gardening, as thought by their parents, grandparents or learned by themselves. When asked why they would not rather remediate their garden and provide their families with healthy food, they replied that this low amount of PTEs does not drastically affect them. Even after a comprehensive explanation based on real case studies of the dangerous effects of various PTEs on human health after years of accumulation, they are still not prepared to improve the way they garden. 
One of the human biomonitoring case studies, performed by Jožef Stefan Institute (IJS, 2015) conducted between 2009 and 2014 in order to evaluate the pollutant loads in samples of human blood and urine to estimate the risk assessment showed that people, living in urban areas in north-western Slovenia (Žalec, Maribor) are exposed to elevated concentration of certain PTE, compared to the average values in Slovenia. The biggest differences were observed in Cd and Cu values. Arithmetic mean of Cd in blood in Savinjsko-Posavaska area (0.40 ng/ml) and Maribor (0.52 ng/ml) was above the Slovenian average value (0.38 ng/ml). Concentration of Cu was also elevated in Savinjsko-Posavska area (1012 ng/ml) and Maribor (978 ng/ml) compared to the Slovenian average value (967 ng/ml) of Cu in blood. Significant differences of Cu were also observed in the samples of urine, where values measured in the urine samples of people who live in above mentioned areas varied from 7.79 ng/ml (Maribor) to 10.26 ng/ml (Savinjsko-Posavska area) compared to the average Slovenian value (8.16 ng/ml). Differences were observed also in Pb (20.6 ng/ml) blood values, as well as Pb (0.71 ng/ml) and Zn (381 ng/ml) urine values, which were elevated in Savinjsko-Posavska area compared to Slovenian average values (blood: Pb = 20.2 ng/ml; urine: Pb = 0.69 ng/ml and Zn = 370 ng/ml) (IJS, 2015).
Even with the presence of inevitable facts of the pollution, one of the main reasons for the very low level of confidence in such studies, remains the presence of so-called “self-proclaimed internet experts” who are extremely aggressive and successful in providing unchecked data and advise to citizens or end-users. One of the findings of the survey conducted is that experts often do not speak a language that is understandable to the general public and are therefore not taken into account. Moreover, it seems to be very difficult for the wider society to find the valuable experts among all the advice providers.  
O the basis of the survey conducted among urban gardeners and farmers who grow food, the authors agree that more reliable awareness-raising events offered by experts are needed among the general public and also for specific groups (e.g. gardeners, farmers, etc.). The main focus of these events should be on methods and tools for assessing the contribution of soils to ecosystem services, which will subsequently lead to improved soil quality. In addition, expert groups will also need to raise awareness among the general public about the regular reviews of soil quality. Such steps can protect extremely sensitive and finite sources, known as soils. 

Conclusions 
PTE play an essential role in the normal metabolism and physiological functions of animals and humans. However, if the permissible limits are exceeded, they become dangerous for the environment and all living organisms. Some metals (e.g. aluminium) can be removed from the body, while others accumulate in the body and in the food chain and therefore have a chronic character. PTE toxicity depends on the dose absorbed (i.e. acute or chronic), but even the ingestion of low doses can cause various disorders and may cause excessive damage due to oxidative stress induced by the formation of free radicals. 
In the present study the total concentration PTEs in soil and sediment samples were determined by ICP-MS. The concentration of PTEs (As, Cd, Cr, Cu, Ni, Pb and Zn) exceeded permissible Limit values defined in Slovenian Official Gazette. In addition, the mineralogical composition of the selected soils and sediments showed that the samples consist mainly of quartz, plagioclase, muscovite and dolomite which mean that the geological background of the investigated area has no great influence on the presence of measured PTEs in the samples. The results obtained were correlated with the national background values measured in the upper soil horizon and the present study showed higher median concentrations than those found in the literature. Besides environmental issues, social aspects were also investigated. It can be concluded that, in order to prevent the dangerous effects of PTEs on human health, soil remediation and conservation measures need to be taken, but this can only start with sufficient awareness among gardeners, farmers and all others involved in to soil pollution. 
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