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Abstract

:

Assessing the suitability of urban and agricultural land is essential for planning sustainable urban and agricultural systems. The main objective of this study is to evaluate the suitability of land in Ioannina plain (western Greece) concerning the soil contents of two potentially toxic elements, cadmium (Cd) and cobalt (Co). Geochemical and spatial analysis methods were applied to assess the distribution of Cd and Co in the soil of the Ioannina plain and identify their origin. The primary anthropogenic sources of Cd and Co in the topsoil of the study area can be attributed to traffic emissions, aircraft operations, vehicle crushing and dismantling activities. Element content is compared to international guidelines and screening values. Cadmium and Co concentration in the soil of the study area is well above the European topsoil mean. Thus, the urban and agricultural lands cover the vast majority (92%) of the total area. Cadmium concentration in soil of the study area with a mean (mg kg−1) 1.7 and 2.0 was observed in agricultural and urban land use, respectively. Cobalt content in soil of the area studied with a mean (mg kg−1) 30.8 and 37.1 was recorded in agricultural and urban land use, respectively. Land evaluation suitability by adopting criteria provided from the international literature is discussed.
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1. Introduction


Land contaminated with trace elements is a common issue in many parts of the world, which can influence human health and ecosystems [1,2,3,4]. Mapping trace element content in urban and agricultural soils revealed contaminated areas in many regions [3,4,5]. In the last decades, geographical information systems (GIS) have become an outstanding and helpful tools for mapping trace element content in various environmental materials and for analyzing spatial data [6,7,8,9,10]. Moreover, GIS have become integral tools to address natural hazard phenomena [11,12,13,14,15,16,17,18,19], as well as to estimate suitable sites for land use planning [20,21,22,23,24,25]. These current geospatial technologies are beneficial to demonstrate soil properties [26], environmental parameters and spatial visualization of chemical compounds [27,28,29,30,31]. Therefore, GIS are essential tools in the spatial analysis of element distribution.



Geochemical surveys are performed for the identification and delineation of a geochemical anomaly that would aid in locating an element contamination source. Geochemical and spatial analysis methods evidencing relationships of element distribution were instrumental in confirming element geochemical interpretation [27,28,32]. Many researchers reported a high concentration of toxic elements in water, soil and sediment [27,32,33,34,35,36,37,38,39,40].



Land suitability evaluation is essential for planning a sustainable agricultural system [41,42,43]. Evaluation of land suitability aims to identify the limiting factors for specific land use. Land use requirements are described, among others, by the absence of a toxic level of elements in the soil. Many plants, vegetables and fruit trees can absorb Cd and Co as they are grown in contaminated soil [44,45,46]. Consuming plants, vegetables or fruits grown in contaminated soil may pose a risk for human health.



Moreover, Cd and Co are just as toxic to plants as they are to humans and animals [44]. On the other hand, many plants can accumulate Cd and Co and consequently can be used for phytoremediation to extract and detoxify these elements from soil [47]. In this study, information about potentially toxic element content is considered for land suitability in the Ioannina basin. More specifically, the approach of land suitability assessment applied in this study is based on the soil contamination with Cd and Co. Various types of anthropogenic activities are recorded in the Ioannina basin, while their impact on soil and water resources is not evaluated until now. Moreover, distribution and delivery of weathering material enriched in potentially toxic elements from the Ioannina basin to receiving Pamvotis lake may severely affect the lake water and sediments.



The aims of this study were: (a) to record the cadmium (Cd) and cobalt (Co) concentration in soil of the Ioannina basin; and (b) to assess the land suitability for residential and agricultural use.




2. Study Area


The area studied is located in the administrative region of Epirus in western Greece and is a part of the Ioannina basin (Figure 1A). A part of the Ioannina city is situated within the limits of the study area. The city is the largest city of Epirus and the eighth-largest city in Greece. The study area hosts several human activities such as agriculture and tourism. According to Papadopoulou-Vrynioti et al. [48], the Ioannina basin is a karst landscape that is characterized as polje. This type of surface karst feature is an elongated depression, including a flat floor. Thus, the study area has a smooth relief with gentle slopes. Its morphology comprises a lowland area with an altitude of 460 m a.s.l. and a hilly area reaching an elevation of 760 m a.s.l. (Figure 1B). It covers an area of 101 km2 and is drained by an artificial network.



The mean annual precipitation reaches about 1090 mm, and the rainiest month is December (171.3 mm mean annual rainfall). The mean annual temperature is 14.3 °C. The warmest month is July, with a mean monthly temperature of 25 °C and the coldest the January (4.7 °C mean monthly temperature). Regarding the wind, the dominant wind direction is the west (W). The annual frequency of westerly winds reaches up to 7% [49].



Figure 2 illustrates the geological formation of the study area. It is comprised of the Ionian geotectonic zone and post-alpine sediments formation [50]. The alpine formations consist of Jurassic schists; (b) Upper-Jurassic Vigla limestones; (c) Senonian micro-breccia limestones; (d) Eocene limestones [51,52]; and (e) Eocene to Oligocene lignites [53]. The post-alpine sediments include Pliocene limnic sediments and Quaternary deposits [54]. The Quaternary deposits cover a significant part of the area studied (Figure 2). Their composition includes fragments of flint, terra-rossa and Fe-Mn oxides [48,55]. The following soil types are observed in the land uses of the study area [56]: (a) Calcari-lithic Leptosol (Ic), which are found in areas where the soil has been eroded to the extent that hard rock comes near to the surface; (b) Chromic Luvisol (Lc), which generally occur on well-drained landscapes and are fertile soils suitable for a wide range of cultivated crop plants; and (c) Calcaric Fluvisol (Jc), which are found in periodically flooded areas.




3. Materials and Methods


3.1. Data


The data collected for this study include (a) a topographic map at a scale of 1:50,000, published by the Hellenic Army Geographical Service (H.A.G.S.); (b) a geological map at a scale of 1:50,000 (sheet Ioannina), published by the Institute of Geology and Mineral Exploration-IGME [50]; (c) information derived from the European Soil Atlas [56]; (d) the CORINE/Land cover from the Copernicus program [57]; and (e) a soil geochemical database derived by Vryniotis [55].




3.2. Data Processing and Spatial Analysis


In the present study, data were inserted in a GIS environment, and a spatial database was created for processing, analyzing and presenting spatial information. The software code ArcGIS was used for the spatial analysis of the area studied. The geological formations and the land uses were added to the database as polygon layers. The land uses were categorized into different classes according to their characteristics. Additionally, the Cd and Co contents in soil were visualized as a graduated symbol. Further, they were grouped using the natural breaks classification method into three categories. The numerical values of Cd and Co were interpolated using the inverse distance weighted (IDW) method. This spatial interpolation method has been used in several works for mapping of natural hazards [17,18], land-use suitability [21,22,23,25] and soil properties [26,28,29], indicating reliable results and high accuracy of the produced map. The produced maps demonstrated the spatial distribution of Cd and Co with continuous numerical values. Values were grouped into three classes according to the guidelines provided from the literature. Finally, they were correlated with the spatial distribution of each land use to estimate the suitability of the land uses.




3.3. Land Use


Under the CORINE 2012 Land Cover (CLC) Copernicus classification system [48], land use within the Ioannina plain is reported as the urban fabric of residential areas along with main roads and a mixture of agricultural, light industry, wetlands, shrub and sparsely vegetation areas (Figure 3). The establishments of the Ioannina city’s airport are located in the southern part of the area studied. The main industrial area is situated on the Ioannina plain’s western edge and includes vehicle crushing and car dismantling activities (Figure 3).




3.4. Soil Sampling and Laboratory Procedures


Topsoil samples (0–30 cm depth) were gathered from 112 sites from the Ioannina basin (Figure 4). A sample grid map covered the study area with equal distant spacing between the intersection points. The distance between the intersection areas is related to the size of the grid cell. The spacing distances as short as 1 km have been used in this study. At each sampling site, its surface was cleared of vegetation and debris, and a bulk soil sample was collected using a plastic spade to avoid metal contamination, following the soil sampling procedure of Papadopoulou-Vrynioti et al. [26]. Each 2 kg bulk soil sample comprises four 0.5 kg subsamples taken from a square frame (2 m × 2 m).



Preparation and chemical analysis of soil samples was performed using the procedures to soil treatment of Papadopoulou-Vrynioti et al. [26]. The soil samples were digested with an aliquot of the aqua-regia acid solution (HCl:HNO3, 3:1 v/v). The supernatants were used for the measurement of Cd and Co by atomic absorption spectroscopy (AAS) under the following conditions: (a) for Cd: wavelength 228.8 nm and lamp current 8 mA; and (b) for Co: wavelength 240.7 nm and lamp current 10 mA.



Certified Cd and Co atomic absorption standards (1 mg/mL) were obtained from Fisher Scientific Co. For this study, intermediate working standard solutions, generally at concentrations of 1–5 μg/mL, were produced by diluting the 1 mg/mL standard solution with ultrapure water. Working standards were produced daily from the intermediate standard. Analytical quality was monitored using reference samples, in-house reference materials and method blanks.




3.5. Land Evaluation Suitability


Cadmium and Co concentrations in the soil of the study area were compared against corresponding median values for European topsoil given by the Forum of European Geological Surveys (FOREGS) [58]. Land evaluation suitability in the study area was performed by adopting guidelines for soil concentration of Cd and Co established by Environmental Protection Agency (EPA) [59], Canadian Council of Ministers of the Environment (CCME) [60] and Department of Environment and Conservation (DEC) [61] (Table 1). Soil quality criteria for agricultural land use are applied uniformly for different soil types and crops, not fully considering the effects of soil properties on Cd and Co uptake via soil-plant transfer [62].





4. Results and Discussion


4.1. Land Uses


The area of each land use and its percentage proportion in the study area was estimated and illustrated in Table 2. As shown in Table 2, agricultural land use covers a significant part of the area studied. Human activities have strongly influenced the land uses of the study area. Thus, the urban and agricultural uses cover up to 92% of the total area.



The smooth morphology supports urban development in the study area. The Ioannina city’s airport is a mid-sized airport with an annual mean of 2219 flights; during 1994–2016, there were 48,732 flights [49].




4.2. Element Content in the Soil of Study Area and Source Apportionment


4.2.1. Cadmium


All soil samples in the Ioannina plain contained Cd content well above European topsoil’s median value [58] (Table 1). The geochemical spatial distribution map of Cd included in the Geochemical Atlas of Europe [58] indicated Cd content in the soil of the study area varying between 0.37 and 0.83 mg kg−1, while this study revealed that Cd range for soil is 0.3–5.1 mg kg−1 (Table 1). Cadmium content in soil ranging from 2.5 to 5.1 mg kg−1 is observed at sampling sites located parallel to the Ioannina plain’s north-eastern edge, especially in the proximity of the airport of Ioannina city (Figure 5A,B). According to Vryniotis [55], the phosphorite rocks can be considered as a lithological source of Cd in the soil of the Ioannina basin. The spatial distribution of Cd concentration in soil at the Ioannina basin does not demonstrate a significant association of Cd contents with a geological formation outcropping in the area studied (Figure 5B).



Many researchers [31,63] have studied Cd contents in the vicinity of roadways and reported a direct link between Cd and traffic emissions, supporting the suggestion that vehicles are an additional Cd contamination source for topsoil of the study area. Moreover, Cd is mainly found in automobile paints and is employed extensively in automobile radiator fine stock and batteries [64], suggesting that vehicle crushing and dismantling activities occurring at the eastern part of the study area promotes the emission of Cd. Furthermore, Jaradat et al. [64] recorded significant differences between Cd content in plants collected inside (0.612 mg kg−1) and outside (0.484 mg kg−1) a scrapyard of discarded vehicles at Zarqa city (Jordan). The primary anthropogenic sources of Cd in sampling locations parallel to the north-eastern edge of the Ioannina plain (Figure 5A,B) can be attributed to (a) automobile emissions; (b) airborne contamination related to airport activities; and (c) emissions from vehicle crushing and dismantling industry (e.g., shredder residues particles, batteries).



According to Agrawal et al. [65], the Cd emissions related to aircraft engines’ function is up to 0,0146 mg Cd per 1 kg of combusted fuel. Atmospheric deposition of Cd in the soil in many airports as an environmental impact related to air-traffic activities is also reported by Nunes et al. [66]. In the western edge of the Ioannina basin, Cd concentration in soil ranges from 1.1 to 5.1 mg kg−1 (Figure 5A,B), which is mainly attributed to (a) vehicle emissions and (b) emissions related to airport traffic.




4.2.2. Cobalt


The majority of soil sampling sites (95.5%) in the Ioannina plain contained Cd concentration higher than the median value of European soil [58]. The geochemical spatial distribution map of Co incorporated in the Geochemical Atlas of Europe [58] illustrated Co content in the soil of the Ioannina basin varying between 16 and 25 mg kg−1, while this study revealed Co concentration in soil ranging from 4.0 to 90.0 mg kg−1 (Table 1). Cobalt content in the soil of the area studied shows similar spatial distribution to Cd, suggesting a common origin or similar dispersion mechanism (Figure 6A,B). Vryniotis [55] reported that Fe-Mn oxides within Quaternary deposits could be considered as a geological source of Co in the soil of the study area. However, Co concentration in soil has no spatial association with a lithological formation in the study area (Figure 6B). Many studies [31,67] recorded an increase in Co content in roadside soil of other cities attributed to the traffic inputs, especially the aircraft engine wear. Abegglen et al. [68] reported that Co is detected in the debris derived from high-pressure turbines due to aircraft engine wear, the so-called honeycomb structures built into the compressor region of the engine downstream the combustor. The soil at sampling sites located at the Ioannina plain’s eastern edge had significantly higher Co (ranging from 41 to 90 mg kg−1) than the central part of the area studied. The Co emission for aircraft engines is up to 8.78 × 10−3 mg per kg of combusted fuel [65]. The mean of Co concentration in PM10 samples at Barcelona airport is 0.4 ng m−3 [69], suggesting that airport operations are an emitter of Co.



The primary anthropogenic sources of Co in the Ioannina plain can be attributed to road traffic emissions and aircraft operations (Figure 6A,B). The spatial distribution of Co in the soil in the area revealed element build up mainly at the eastern edge of the study area and the Ioannina Airport’s proximity (Figure 6A,B). According to Abegglen et al. [68], Co, among other elements, is a significant occurring metal in emissions from different jet engines at various combustion conditions. Furthermore, Brtnicky et al. [70] concluded that airport traffic had been proved to be an important emitter of Co (mean 4.0 mg kg−1) in the soil of Santorini island (Greece). Another possible anthropogenic source of Cd in the topsoil of Ioannina plain is the vehicle recycling industry and discarded vehicles’ scrapyard. High levels of Co (41–90 mg kg−1) in the eastern part of the study area could be attributed to stores of scrap and related activities. According to Lange et al. [71], Co mean content in topsoil (mg kg−1) in the vicinity of vehicle scrapyard in Ribeirao Pires (Brazil) and Madrid (Spain) are 6.9 and 120, respectively, revealed a link between vehicle recycling activities and Co, supporting the findings of this study.





4.3. Land Evaluation Suitability for Various Types of Use Based on Screening Values


4.3.1. Cadmium


All the sampling sites in Ioannina plain present Cd content in soil lower than the CCME (R) and the residential soil screening level (RS) established by the EPA (Figure 7A), suggesting that there is no potential risk for residents. In contrast, all the sampling sites present Cd concentration in soil higher than the EPA’s plant-avian-mammalian screening level (Figure 5B). In a research study conducted in Kontodespoti-Makrimalli area (Evia island, Greece) following the August 2019 wildfire, it was revealed that Cd content in burned topsoil and ash exceeds the EPA (P,A,M) screening level [35]. In the 54.2% (8.0 km2), 52.7% (41.0 km2), 60% (3.9 km2) and 83.8% (1.3 km2) of the urban, agricultural, shrubby-vegetated and wetlands land use, the Cd content in soil of the study area is well above the soil guideline values for agricultural land use established by the CCME (A) (Figure 7A and Figure 8A). All the sampling sites at the area studied present Cd content in soil lower than the EPA (RS) and CCME (R) (Figure 6A).



The median value of Cd in soil samples of agricultural and urban land use of the area studied is higher than the CCME (A) (Figure 8A). Cadmium content in soil exceeding the DEC (EI) is observed in the 15.7% (2.3 km2), 9.2% (7.2 km2), 19.1% (1.2 km2) and 57% (0.9 km2) of the urban, agricultural, shrubby-vegetated and wetlands areas, respectively (Figure 8B).



The most common effects of Cd on vegetables include a decrease in the number of leaves, a change in root morphology, a reduction in seed germination, a reduction in fruit production and a reduction in the absorption of nitrate [72,73,74]. The common adverse effects of Cd-contaminated vegetables on human health are lung damage and changes in skeletal formation, toxicity to kidneys, endocrine disrupting and irritation of the gastrointestinal system [72,75,76], while the consumption of various types of vegetables controls the level of toxicity of Cd in humans [72]. According to Mahurpawar [77], human exposure also occurs by inhalation of dust derived from Cd contaminated soil. Moreover, chronic inhalation of Cd may cause lung cancer [78]. According to Brooks [79], the general toxicity of Cd to plants is moderate. Furthermore, 3 mg Cd kg−1 in the plants’ tissue depressed growth [80]. If Cd compounds are adsorbed by plants that play a significant role in the food chain; they can accumulate in various human organs [43]. Cadmium poses high threats to human health, soil quality and food safety [81,82].



Moreover, cigarette smoke is considered an important source of Cd exposure [43]. Cadmium tends to accumulate in humans’ liver and kidney [46,80]. Human exposure to Cd compounds may pose a serious health risk [81,82]. The main organ to be affected by Cd in long-term exposure is the kidneys. The biological half-life of Cd ranges from 10 to 30 years [47].




4.3.2. Cobalt


All the sampling sites present Co content in soil higher than EPA (RS) and EPA (P,A,M), suggesting a potential risk to residents and ecological receptors (Figure 7B). In an investigation of land suitability of a Mediterranean site located in Evia island (Greece), Alexakis [35] reported that Co content in topsoil was the limiting factor for residential land use. Moreover, an investigation of land suitability after the July 2018 western Attica wildfire (Kineta area, Greece) revealed that Co concentration in ash was also among the limiting factors for residential land use [34]. Cobalt concentration in soil of the study area exceeding the CCME (A) is observed in the 24.3% (3.6 km2), 28.3% (22.0 km2), 33.1% (2.2 km2) and 1.7% (0.03 km2) of the urban, agricultural, shrubby-vegetated and wetlands area, respectively (Figure 9A).



Cobalt content in soil higher than CCME (R) and DEC (EI) is recorded in 14.5% (2.1 km2), 20.2% (15.7 km2) and 19.4% (1.3 km2) of the urban, agricultural and shrubby-vegetated areas, respectively (Figure 9B).



The expected impacts of Co on plants are the reddish-purple coloration along chlorotic leaf margins, decrease in chlorophyll content and decrease in shoot growth and length [72,83,84]. According to Prashanth et al. [85], the effects of Co on human health are (a) harmful, because it is related to an increase in the incidence of lymphatic and hematopoietic malignancies; and (b) beneficial, because Co is a part of Vitamin B12, which is essential to maintain human health.



The gastrointestinal absorption of Co involves mechanisms common with Fe2+ since people with Fe2+ deficiency show an increased Co absorption [86]. After absorption, Co is mainly accumulated to the heart, spleen, serum, liver and kidneys.






5. Conclusions


Human activities have strongly influenced the land uses of the study area. Thus, the urban and agricultural land covers 92% of the total area. Cadmium and Co are enriched in the Ioannina basin’s topsoil since their median value is higher than that of European soil. The content of Cd in the topsoil of the area studied can be attributed to various anthropogenic sources (traffic emissions, aircraft operations, vehicle crushing and dismantling activities). The observed Cd and Co content in soil at sampling sites located in both the eastern and western edge of the Ioannina plain presented similar spatial distribution, which can be attributed to a common origin or similar dispersion mechanism. The aircraft operations (engine wear), traffic emission and vehicle crushing activities are the most likely anthropogenic source of the high content of Cd and Co in the topsoil of the sampling sites located parallel to the western and eastern edge of the Ioannina plain. This study demonstrates that topsoil in the study area contains toxic elements whose concentration exceeds soil quality guidelines for agricultural land use. Moreover, topsoil contains Co concentration, which may pose a threat to residents and terrestrial ecological receptors. Distribution and delivery of weathering material enriched in Cd and Co from the Ioannina basin to receiving Pamvotis lake may severely affect the lake water and sediments.
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Figure 1. (A) Location map of the study area; (B) road network, drainage network and elevation of the study area. 
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Figure 2. Geological map of the area studied. 
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Figure 3. Land use in the Ioannina plain. 
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Figure 4. Map showing soil sampling sites in the Ioannina plain. 
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Figure 5. Graduated symbol plots of Cd content in soil of Ioannina plain concerning land uses (A) and geology (B). 
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Figure 6. Graduated symbol plots of Co content in soil of Ioannina plain concerning land uses (A) and geology (B). 
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Figure 7. Boxplots for (A) Cd and (B) Co, comparing element concentration to guideline established by the literature (EPA, CCME and DEC). EPA (RS): Residential soil regional screening level, EPA (P,A,M): plant-avian-mammalian screening level, EPA (A,M): avian-mammalian screening level, CCME (A): soil quality guideline for agricultural land use, CCME (R): soil quality guideline for residential land use; DEC (EI): ecological investigation level. 
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Figure 8. Suitability map comparing Cd content in soil of the study area to: (A) CCME (A); and (B) DEC (EI). 
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Figure 9. Suitability map comparing Co content in soil of the study area to: (A) CCME (A); and (B) CCME (R). 
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Table 1. Detection limits, descriptive statistics of Cd and Co concentration (in mg kg−1) in soil gathered from the Ioannina plain, and criteria obtained from the literature.
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Cd

	
Co






	
Detection limit

	
0.2

	
0.3




	
Agricultural land use (n = 102)




	
Mean

	
1.7

	
30.8




	
Median

	
1.5

	
23.5




	
Minimum

	
0.3

	
4.0




	
Maximum

	
5.1

	
90.0




	
Urban land use (n = 8)




	
Mean

	
2.0

	
37.1




	
Median

	
1.7

	
35.5




	
Minimum

	
0.3

	
7.0




	
Maximum

	
3.6

	
77.0




	
Wetlands (n = 2)




	
Minimum

	
3.2

	
33.0




	
Maximum

	
3.7

	
35.0




	
European topsoil [58]

	
0.145

	
7.0




	
EPA Residential soil [59]

	
7.1

	
2.3




	
EPA Plant-Avian-Mammalian [59]

	
0.00222

	
0.14




	
CCME Agricultural land use [60]

	
1.4

	
40




	
CCME Residential land use [60]

	
10

	
50




	
DEC Ecological Investigation level [61]

	
3

	
50
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Table 2. The land uses of the study area, their area in km2 and percentage proportion (%).
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	Land Uses
	Area (km2)
	Area (%)





	Urban areas
	14.8
	15



	Agricultural areas
	77.8
	77



	Shrub and sparsely vegetation areas
	6.6
	6



	Wetlands
	1.6
	2



	Total
	100.8
	100
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