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Abstract: Urban gardens have important social, environmental and economic roles in big cities, contributing
to their sustainability. However, food production in urban gardens may be compromised due to soil pollution
that resulted from decades of industrial non-regulated environmental activity and mobile transport. In this
study, 12 soils from the urban agricultural area of Rome (Italy) were analyzed for the metals Be, Ba, Pb, Co, Nj,
V, Zn, Hg, Cd, As, Cu, and Cr. All but one of the soils under analysis were characterized by at least one metal
concentration above the threshold limit defined by the Italian Legislative Decree 152/2006 (ILD) for agricultural
soils. Multivariate analysis showed that the soils could be classified into five clusters: clusters I and II had
relatively lower mean metal concentrations; clusters III, IV, and V had relatively higher mean metal
concentrations with several metal concentrations above the threshold proposed by ILD. Three factors
contributing to the variability of the metal’s concentration in the soils under investigation were identified:
geological factor, related with metals As, Ba, Be, and V; anthropogenic factor, related with Pb and Cu; and, a
mixed factor related with Co, Cr, Ni, and Zn. High metal content may limit the utilization of urban soils as
urban gardens for food production.

Keywords: Rome soils; urban soils; urban garden; metal ions; soil pollution; multivariate analysis

1. Introduction

Urban soil pollution is a multifaceted and dynamic challenge, marked by the intricate interplay
of various pollution sources and their far-reaching impacts on soil properties. The distinction
between point and diffuse sources of pollution underscores the complexity, with diffuse pollution
posing significant threats to the biochemical and microbiological aspects of soil [1-5]. The severity of
metal pollution in urban soils is evident, with key contributors including metallurgical industry,
mining activities, fossil fuel consumption, vehicular traffic, irrigation, waste incineration, and
fertilizer/agrochemical use [5-10]. The concentration and intensity of emission sources in urban areas
lead to the redistribution of pollutants over significant distances [5,11-13].

In response to this intricate issue, Serrani et al. [5] proposed a 'threshold of attention' for metals,
providing a practical limit adaptable to evolving pollution sources and remediation efforts. This
innovative approach acknowledges the dynamic nature of urban soil pollution, offering potential
solutions for effective environmental management. The World Health Organization (WHO) has
identified arsenic, lead, mercury, and cadmium as major public health concerns due to their toxicity,
persistence, and bioaccumulative properties [14,15]. Various anthropogenic activities contribute to
the presence of these metals in urban environments, including industrial processes, soil pollution,
landfills, tailings ponds, and the use of agricultural fertilizers and pesticides [15-17]. Triassi et al. [15]
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address the contamination of groundwater by metals in Southern Italy, shedding light on the
environmental impacts of local industries, agriculture, and urban activities. Italy, in addressing
environmental concerns, has implemented the Directive through Legislative Decree 152/2006, known
as the "Single Environmental Text," consolidating environmental laws into a unified legislative text
(European Union Report: Status of Implementation of EU Environmental Laws in Italy,
IP/A/ENVI/IC/2006-183, November 2006) [18].

Despite a global lack of comprehensive data on metal contamination, Téth et al. [19] conducted
a detailed analysis of metal content in agricultural topsoils across the European Union. Their study
emphasizes the need for targeted monitoring and remediation actions based on specific regions' risks.
In their findings, they identified the Finnish standards for contaminated soil (Ministry of the
Environment — MEF, Finland, 2007) [20] align closely with various national systems in Europe [21]
and India [22], serving as global benchmarks for agricultural soils [23].

As developing countries undergo swift urbanization and industrialization, there is a significant
influx of organic and inorganic pollutants into urban environments, posing risks to human health.
With a growing urban population, the entry of metals into human bodies through multiple exposure
pathways becomes a critical concern, emphasizing the need for precise risk characterization in health
assessments [24,25]. Urban areas cover about 6% of Europe's total area, with 52% of the global
population residing in urban or peri-urban regions [26-28]. The dynamic nature of urban
environments, influenced by construction, use, and renewal processes, highlights the significant
impact on urban landscapes [28,29]. The complexity of urban soils, influenced by various factors like
construction remnants and drainage processes, challenges conventional assessment methods [27,30].
Agricultural practices, including prolonged flooding, terracing, and deep ploughing also impact
soils, with altered soils, resulting from human-induced changes exhibiting mixing and the presence
of anthropogenic horizons [28,30].

The presence of pollutants, especially metals, in landfill leachate poses a serious threat to public
health and ecosystems [31-34]. Soil, as the ultimate sink for metals, accumulates these pollutants
through interactions with inorganic and organic matter [34]. Heavy metals (Cd, Ba, Hg, and Pb) have
the potential to enter the food chain, posing health risks through consumption, dermal contact,
ingestion, and inhalation [34-36], whereas toxic metals (Cr, Mn, Cu, As) through drinking water and
inhalation of soil particles [34,37,38].

In Europe, metal contamination is a significant concern, with an estimated 2.5 million potentially
contaminated sites [39]. The LUCAS Topsoil Survey provides a detailed overview of metal
concentrations in the topsoil of the European Union, supporting local assessments and potential
control measures [40,41]. A comprehensive study on Palermo's urban soils investigated mineralogy,
geochemistry, and concentrations of 11 heavy metals, offering insights into metal sources and
contamination [42—44]. Peri-urban agriculture, situated between urban and rural zones, plays a
pivotal role in global urban development [45,46]. However, metal contamination in peri-urban
agricultural soils poses health risks for adults and children in vegetable production, as revealed by a
recent meta-analysis [47]. The challenges of soil pollution in urban areas, driven by industrialization,
urbanization, and transportation, necessitate quick and simple methods for assessing urban soil
quality [48-52]. The recognition of Technosols as Soil of the Year 2020, characterized by strong human
influence, adds significance to understanding urban soil dynamics [53]. Inorganic contaminants in
urban soils, including heavy metals like Pb, Zn, Cr, Ni, or Cd, resist decomposition by
microorganisms, posing long-term toxicity to plants, animals, and humans [54-57].

Recent data from the Rapid Alert System for Food and Feed (RASFF) database highlights Italy's
position as the “topmost notifying country” for heavy metals in food and feed, particularly for
cadmium, mercury, chromium, and nickel; whereas in the RASFF notifications for Pb, Italy was
ranked as the second most commonly involved “country of origin” [58]. A chapter on soil governance
in the European Union critiques existing strategies and advocates for a unified EU soil protection
framework [59]. Using the fractal/multifractal method, a study maps potentially toxic elements
distribution in Salerno, offering insights for enhanced environmental management [60]. The spatial
diversity of urban soils is heightened by excavation, redistribution, and mixing of the soil matrix,
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influenced by extensive land use changes [61]. A study in Rome examines lead, copper, nickel, and
zinc concentrations in soils of urban parks and gardens, emphasizing the contribution of vehicle
traffic to metal pollution and proposing mitigation measures [62]. A study on volcanic agricultural
soils in southwestern Italy reveals elevated concentrations of chromium and copper due to irrigation
with contaminated water, suggesting a potential risk of metal-rich sediment transfer during water
movement [63]. Roman industrial mining and smelting have had a lasting impact on atmospheric
contamination, with lead and copper use in water supply networks causing significant contamination
in adjacent city harbours [64-68]. Investigations of abandoned sites in Northern Italy with extractive
wastes indicate elevated concentrations of Co, Cu, Ni, Cd, and Zn, posing significant risks to the
environment and living organisms [69]. The Legislative Decree 3 April 2006, n. 152, plays a crucial
role in Italy by regulating the remediation of contaminated sites outlining procedures, criteria, and
methods in alignment with EU principles, particularly emphasizing the "polluter pays" principle
(Gazzetta Ufficiale della Repubblica Italiana, 2006) [70].

On July 5, 2023, the European Union proposed a new Soil Monitoring Law to safeguard and
restore soils, ensuring sustainable utilization (Directorate-General for Environment, European
Commission, 2023) [71]. Numerous studies on metals in the urban soils of Rome and other cities in
Italy contribute to our understanding of the extent and impacts of urban soil pollution
[5,41,42,60,62,63,66,69,72-79].

This study aimed to investigate the spatial distribution of metals Be, Ba, Pb, Co, Ni, V, Zn, Hg,
Cd, As, Cu and Cr in agricultural soils in the Rome (Italy) area. It focusses on the variation and spatial
distribution characteristics of these metals at a regional scale in the urban agricultural areas of Rome,
Italy, particularly in the area outside the “Grande Raccordo Anulare” (GRA) ("Great Ring Junction")
where there is greater potential for urban gardens implementation. The goal was to comprehend the
established relationships between metals and their respective sampling locations. The research uses,
besides descriptive statistics, multivariate analysis methodologies (principal component analysis,
PCA, and cluster analysis) and geographic information systems (GIS). Ultimately, the study aimed
to identify groups and spatial patterns of similarity in metal concentrations/sampling locations in the
soils. The findings obtained from this research could set a precedent in the particular region under
examination, providing valuable insights for comparable studies in areas where agriculture,
construction, and mining intersect.

2. Materials and Methods

2.1. Study area, Soil sampling and Sample Preparation

Figure 1 shows the location of sampling points in the urban areas of Rome, Italy. Rome, one
among the largest urban regions in the northern Mediterranean basin, spans 5,363.22 km?2 with over
4.3 million inhabitants, has a population density of 788 inhabitants per km? [80].

As the third-largest metropolitan city in Italy, the Metropolitan City of Rome Capital
encompasses nearly one-third of the Lazio region. The focus of the investigation is primarily on Rome
municipality, covering 150,061.3 ha, and specifically, the arable land within it amounts to 49,263.97
ha (QGIS 3.34) [81]. The “Citta Metropolitana di Roma (CMRC)” institution plays a crucial role in
guiding the sustainable development of the metropolitan area, with a key focus on enhancing food
security through strategic planning, protection of high-production areas, and promoting local supply
chains [82,83]. The Rome municipality is observed as an extraordinarily rich metropolis with great
historical and environmental significance having a long history of biodiversity conservation and
sustainable development [84,85]. A focal point of Roman urban agriculture is the intricate
examination of the historical and socio-economic dynamics that transformed the city's landscape
since the 1950s, shedding light on the specific features of peri-urban agriculture and emphasizing
Rome as a paradigmatic example of the urban Mediterranean city with intense interconnections
between the urban and rural dimensions [85,86].


https://doi.org/10.20944/preprints202401.0097.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 January 2024 doi:10.20944/preprints202401.0097.v1

44 Cesano EST VU2 : |
= 49 Mia m.Visentini VS2 *— |I Tenuta Columba Salaria 1'AC3

52 Olgiata NORD VU1/ f =
L ko 1 .4 b A
w - E Settebagni 5 AC2
v \ s ‘ F Marcigliana 8 AN2

60 Via Cherasco VU2
58 Via m. Filippini GG1

N - Rome

Mariotti 1 Ontaggi AC2
%Osnn Anti‘cﬁra Volponi (near’ AC2 Extension.of soil map)

-

Ostia-Antica 2 Volponi AC2 Mongale'3 Prato Naturale IN

Legend

3 Soil sample location

Figure 1. Study area map showing the location of soil samples collected in Rome.

According to the climate change knowledge portal [87], the mean annual average surface air
temperature for Italy during the period 1991 to 2020 has ranged from 5.28 °C in the winter (December
to February) to 21. 63 °C in the summer (June to August). Further, the portal acknowledges that
rainfall (aggregated accumulated precipitation) in Italy during the same period has ranged from
155.84 mm in the summer (June to August) to 273.90 mm in the Autumn (September to November).

The characteristics of the 12 sampling locations are as follows:

44 Cesano EST VU2 (GPS: 42.07139, 12.3541)-Green space near military zone, lakes, and school
faces contamination risk from urban and industrial areas, designated Special Protection Area (SPA)
and near NATURA 2000, emphasizing ecological impact on flora and fauna; 52 Olgiata NORD VU1
(42.05254, 12.37427) - Proximity to multiple roadways exposes soil to metals, heightened risk in urban
environment from industrial activities and vehicular emissions.49 Via m. Visentini VS2 (42.06189,
12.35241) - Dynamic urban/suburban setting exhibits varying soil characteristics influenced by
historical land use, proximity to roadways, local geological conditions, vehicular emissions and road
runoff, coupled with anthropogenic alterations, and nearby urban activities, emphasizes need for
comprehensive analysis to assess potential metal contamination; 60 Via Cherasco VU2 (41.95411,
12.34489) - Agricultural land with olive trees and irrigation systems near main road, ideal for
comprehensive metal analysis, ensuring environmental and agricultural sustainability; 58 Via m.
Filippini GG1 (41.93446, 12.35094) - Landscape with agricultural crops and residential buildings near
GRA ring, critical for soil analysis to understand land use impact and environmental factors on soil
quality and composition.

Mongale 3 Prato Naturale IN (41.7574, 12.5543) - Situated near Ciampino airport, featuring tall
trees, agricultural crops, and proximity to major roadways, provides valuable insights into the
complex interplay of urban infrastructure, natural reserves, and land use practices on soil
composition, with potential influences from airport-related activities, agricultural practices, and
vehicular pollutants; Ostia Antica 3 Volponi (41.8147, 12.2972) - Situated near Fiumicino Airport and
connected to major roadways, presents a complex environment with industrial, transportation, and
agricultural activities, emphasizing the need for comprehensive soil analysis to assess potential metal
contamination risks and implications for crop quality and food safety in this intricate landscape.

Ostia Antica 2 Volponi AC2 (41.7601, 12.2982) - Well-developed urban settlement near River
Tiber and urban settlements with cultural landmarks, requires critical metal analysis for preservation
of environmental, historical, and public health aspects; Mariotti 1 Ortaggi AC2 (41.816, 12.3536) - The
sample from this field near Autostrada Roma-Fiumicino, GRA ring, and industrial zones, demands
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thorough metal analysis for potential contamination risks in an urban-industrial interface; Settebagni
5 AC2 (42.00631, 12.51202) - Near Salaria Sports Village and River Tiber, essential metal analysis
needed for informing land use decisions in the urban planning area of Settebagni; Marcigliana 8 AN2
(41.99146, 12.56138) - Soil sample from Via della Marcigliana within Riserva Naturale della
Marcigliana necessitates metal analysis for safeguarding historical and environmental integrity;
Tenuta Columba Salaria 1 AC3 (42.0384, 12.55583) - Soil sample from Via Salaria within Riserva
Naturale della Marcigliana demands metal analysis for safety of produce and environmental
protection in agriculturally significant area.

The study area consists of territory inside the boundaries of municipality of Rome, Italy. Urban
Atlas of Rome city is a vector file representing land use (including agricultural areas) in the
Metropolitan area of Rome. The agricultural land is classified under class 2 with minimum mapping
unit of 1 ha and our target class is 21000: Arable land (annual crops) [88]. Reconstruction of the CTR
mosaic (Carta Tecnica Regionale or Regional Technical Map) was performed by downloading all the
raster CTR covering Rome’s municipality area (the maps in the background in the soil map) (Source:
Lazio Pedological Map and Index of cartografia CTR_10K_TIF ROMA LIMITI) [89]. Subsequently,
georeferencing the soil map using the EPSG of the map-EPSG 3004 and later, digitization process was
accomplished in free QGIS software for Rome by digitizing the mapped polygons. Finally, various
soil types found in this region were summarised based on information from the source: Carta dei
Suoli del Comune di Roma in scala 1:50.000 - I SUOLI DI ROMA Due passi sulle terre della citta (Soil
map of municipality of Rome) [90].

Selected sites within Rome municipality, featuring diverse soil types and land uses, were
identified using Google Earth and Google Maps. A comprehensive list of urban farm locations,
complete with addresses, email contacts, and phone numbers, was compiled. Contact was established
with these farms to seek cooperation for soil surveying, and permission from landowners was
obtained for sample collection.

A total of 12 samples of agricultural soils were collected for this study in 2023 in Rome, Italy
characterized by various types of land uses such as, tree cover, shrubland, grassland, cropland, built-
up area (Figure 1). Figure S1 shows the spatial distribution of 12-metal concentrations at each sample
location presented against the background of Land Use Land Cover (LULC) derived from ESA
WorldCover 2021 using the v200 algorithm [91].

The maps were generated in QGIS 3.34, where the ESA WorldCover data was downloaded,
clipped to the Rome region of interest, and utilized as the background. The individual metal
concentration maps were created in QGIS 3.34 [81] and subsequently merged into a single map.

At each of the sites, one composite sample (1 kg of soil), consisting of 15-20 sub-samples, was
taken. They were then placed in airtight polyethylene bags, labelled (with coordinates, location name
and type of cultivation), and taken to the laboratory for analysis. Soil was collected using an auger
from the upper 30 cm surface layer (the depth of rooting for most plants). Basic geographic data was
acquired from the Google Earth and QGIS 3.34 [81]. Soil samples were thus collected at 0-30 cm depth.

The soils were collected in three different batches in 2023 (April, May and July, 2023). The first
and second batch soils were dried at room temperature for 1-2 weeks and third batch soils were dried
in hot air oven at 60°C for two days. Both air-dried and oven-dried soils were passed through a 2-
mm stainless steel sieve to remove debris, stone fragments. The fine earth and stone weight were
after sieving were measured in a weighing balance and noted down. The fine earth was split into two
halves and stored into Ziploc bags, one for immediate use in laboratory experiments and other for
future use.

2.2. Analytical methods, Statistical analysis and Regulation limits

All metals were analyzed by inductively coupled plasma-mass spectrometry (ICP-MS) at
Eurofins Analytico B.V. according to the reference method NEN-EN-ISO 17294-2. Table 1 shows the
elements analyzed and their respective Italian Law limits A and B [70].

Descriptive statistics, encompassing measures such as the mean, maximum, minimum, median,
Quartile 1, Quartile 3, skewness, kurtosis, Kolmogorov-Smirnov (K-S) test, and coefficient of
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variation (CV) were computed using free Software R 4.2.2 version (RStudio) [92] for the samples. The
Kolmogorov-Smirnov test [93] was employed to evaluate the normality of the variable distributions
and also variability in metal concentrations was estimated using the coefficient of variation. Average
(standard deviation) of the concentration of the elements for each of the observed clusters was
performed in Microsoft Excel 365.

The bar chart depicting individual metal content in 12 sampling locations of Rome, Cluster
Analysis, 3-Dimensional Principal Component Analysis (PCA) Biplot for sampling locations and
metals, Pearson Correlation Coefficient Matrix for metals under the study were performed with the
OriginPro Software 2021 version [94]. Subsequently, the 2-Dimensional Principal Component
Analysis (PCA) Biplot for sampling locations and metal content was performed using free Software
R 4.2.2 version (RStudio) [92].

Prior to conducting PCA and Cluster Analysis metal data, auto scaling was applied to ensure
equal contribution of each variable, preventing dominance by variables with larger scales and
enhancing the reliability of the results.

PCA was conducted to identify latent factors and reduce dimensionality, facilitating a clearer
interpretation of underlying patterns in potentially toxic element’s concentrations across various
sampling locations. Additionally, Cluster Analysis was employed to classify similar patterns,
revealing distinct groups and providing insights into the spatial and compositional variability of
metal concentrations in the study. The Pearson Correlation Coefficient Matrix was calculated to
assess the strength and direction of linear relationships between metals and sampling locations,
guiding further analysis into the interconnected dynamics of metal occurrences in the studied areas.

Table 1. Concentrations (mg/kg) of metals with their critical limits in accordance with Italian Law.

Sample/Limits As Ba' Be Pb Co Cu Cr Ni \4 Zn Hg Cd
44 Cesano EST VU2 16 650 76 53 14 35 95 18 120 60 nd? nd
52 Olgiata NORD VU1 32 980 12 110 18 35 27 26 130 83 0.18 nd
49 Via m. Visentini VS2 28 90 11 110 20 32 38 28 140 88 0.052 nd
60 Via Cherasco VU2 21 290 48 40 61 15 12 12 44 29 0.24 nd
58 Via m. Filippini GG1 20 450 6 51 14 19 31 24 75 41 nd nd
Mongale 3 Prato NaturaleIN 28 160 1 200 20 64 51 55 34 690 012 055
Ostia Antica 3 Volponi 23 740 4 1200 16 310 36 40 89 120 043 nd
Ostia Antica 2 Volponi AC2 14 610 3 91 14 48 51 46 72 91 0.25 nd
Mariotti 1 Ortaggi AC2 12 340 29 37 16 51 56 55 63 110  0.63 nd
Settebagni 5 AC2 82 210 18 24 16 31 59 60 52 77 0.29 nd
Marcigliana 8 AN2 24 1000 10 99 22 48 39 39 120 83 0.091 nd
Tenuta Columba Salarial AC3 11 230 29 31 16 40 73 61 74 92 0.23 nd
Limit A 20 - 2 100 20 120 150 120 90 150 1 2
Limit B 50 - 10 1000 250 600 800 500 250 1500 5 15

'For Barium the Portuguese recommended limit (210 mg/kg) was used for comparison. 2 nd —not detected.

PCA was conducted to identify latent factors and reduce dimensionality, facilitating a clearer
interpretation of underlying patterns in potentially toxic element’s concentrations across various
sampling locations. Additionally, Cluster Analysis was employed to classify similar patterns,
revealing distinct groups and providing insights into the spatial and compositional variability of
metal concentrations in the study. The Pearson Correlation Coefficient Matrix was calculated to
assess the strength and direction of linear relationships between metals and sampling locations,
guiding further analysis into the interconnected dynamics of metal occurrences in the studied areas.

In Italy, environmental regulations are governed by Legislative Decree 152/2006, known as the
"Single Environmental Text," which consolidates laws on environmental protection [70]. This decree
establishes Contamination Thresholds (CSC) for potentially toxic elements (PTEs) in soil and water
[95], as outlined in the Ministerial Decree (D. Lgs. 152/06, 2006). The legislation, organized into six
parts, covers various environmental aspects, including strategic and environmental assessments, soil
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protection, waste management, air quality, and the precautionary principle. The overarching goal is
to enhance human life quality by safeguarding the environment and ensuring the responsible use of
natural resources, providing a comprehensive framework for assessing metal concentrations in
compliance with established thresholds.

3. Results

3.1. Location-wise concentrations of metals

This study focused on twelve locations across metropolitan Rome (Figure 1). The concentrations
of twelve metals were measured in each location. However, Hg and Cd did not exhibit detectable
values during the analysis and were thus excluded from further analysis (descriptive statistics,
principal component analysis (PCA), cluster analysis, and Pearson correlation matrix).

Figure 1 shows the GRA of Rome and the location/sites under investigation are well distributed
outside GRA; location/sites Mongale 3 Prato Naturale IN, Ostia Antica 2 Volponi AC2, Ostia Antica
3 Volponi and Mariotti 1 Ortaggi AC2 are close to the airports; the other eight sites are located on the
North and Western side of Rome.

Table 1 shows the location-wise concentrations of metals in the topsoil in this study and their
permitted Italian limits for agricultural land use (Limit A) and commercial or industrial land use
(Limit B). Since our study focused on agricultural land use, Limit A was considered the permitted
limit in this study. However, only for Ba, this study adopted the recommended threshold limit used
in Portugal (210 mg/Kg) [96] due to the non-availability of the Italian limit for Ba.

As shown in Table 1 and visualised in Figure 2, “Settebagni 5 AC2” was the only study location
with none of the studied metals outside the permitted limit. It could be thus considered that the soil
has no metal toxicity, among the studied soils in terms of agricultural output being at risk of metal
contamination

In contrast, three locations (“52 Olgiata NORD VU1”, “49 Via m. Visentini V52”, and “Ostia
Antica 3 Volponi”) had concentrations outside the permitted limits for five metals, one location
(“Marcigliana 8 AN2”) had that for four metals, and three locations (“44 Cesano EST VU2”, “60 Via
Cherasco VU2”, and “Mongale 3 Prato Naturale IN”) had that for three metals. Thus, the soils from
these seven locations in Rome could be considered the most unsuitable soils among the studied soils
in terms of agricultural output being at risk of metal contamination. Similarly, four locations had two
or fewer metal concentrations outside the permitted limit: “58 Via m. Filippini GG1”, “Ostia Antica
2 Volponi AC2”, “Mariotti 1 Ortaggi AC2”, and “Tenuta Columba Salaria 1 AC3”. Figure 3 visualizes
the spatial distribution of metal concentrations with land use in Rome, Italy.

In terms of elevated concentrations of individual metals, Cr and Ni were within the permitted
limit in all locations. Zn, Cu, and Co were found outside the permitted limit in one location each. In
contrast, Be, As, Pb, and V were found outside the respective permitted limits in nine, six, four, and
four locations, respectively. In addition, Ba was found to be outside the permitted limit for Portugal
in as many as 10 out of 12 locations; however, the results for Ba need to be interpreted with caution,
as Italian limits for Ba have not been defined. Furthermore, even when the concentrations of metals
were compared against limit B, the concentrations of Be and Pb exceeded those specified in limit B in
two and one study locations, respectively. Thus, at least the high concentrations of Be, As, Pb, and V
in most of the studied urban soils in Rome, Italy, may be highly relevant to the public health concerns
of agricultural output affected by metal contamination.

Another way to interpret data from Table 1 could be by studying the magnitude of the increase
from the permitted limits, as that may also influence the risk of hazards. In this context, greater than
a 2-fold increase from the permitted limit was seen for Ba in eight locations (of which the highest
concentration was 1000 mg/Kg; 4.8-fold elevation), Be in four locations (of which the highest
concentration was 7.6 mg/Kg; 3.8-fold elevation), Pb in one location (1200 mg/Kg; 12-fold elevation),
Cu in one location (310 mg/Kg; 2.6-fold elevation), and Zn in one location (690 mg/Kg; 4.6-fold
elevation). Therefore, the extent of contamination in the locations with a greater than 2-fold elevation
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from the permitted limit may be highly relevant to the concern of metal contamination of agricultural

output.

In summary, Figure 3 shows the metal concentrations across the 12 study locations.
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Figure 3. Metal content among the 12 sampling locations in Rome, Italy.

3.2. Descriptive statistics

Table 2 shows the descriptive statistics for the concentrations of the studied metals in Rome as
per the combined results of all 12 study locations. The mean concentrations of three metals, Ba (550.83
mg/Kg), Be (5.58 mg/Kg), and Pb (170.50 mg/Kg), exceeded the specified permitted limits for
agricultural land use of 210 mg/Kg, 2 mg/Kg, and 100 mg/Kg, respectively. However, the mean
concentration of As (19.77 mg/Kg) nearly approached the permitted limit of 20 mg/Kg. For other
metals, the mean concentrations were well within the respective permitted limits. In terms of median
metal concentrations, the permitted limits were exceeded by the median concentrations of As (20.50
mg/Kg), Ba (530.0 mg/Kg), and Be (4.40 mg/Kg). However, the median concentrations of lead (72.0
mg/Kg) and other studied metals were within the permitted limit for agricultural land use.

Table 2 also shows that the distribution of metal concentrations in this study showed asymmetry
for several metals; high skewness was observed for Be (0.56), Pb (2.90), Co (-0.91), Cu (2.86), and Zn
(2.90). In addition, a highly leptokurtic distribution (more peaked than the normal curve) was seen
for Pb (9.64), Cu (9.53), and Zn (9.68). The coefficients of variation for the studied metals also showed
high asymmetry in the distribution of several metals and were above 100% for Pb (192.37%), Cu
(131.36%), and Zn (136.68%). Together, these descriptive statistics indicate a high variance among the
metal concentrations, which could be explained by the anthropogenic origin of the metals.

Table 2. Summary of descriptive statistics ! for metal contents (mg/kg) in soil samples of present

study.
As Ba Be Pb Co Cu Cr Ni A Zn
Mean 19.77 550.83 5.58 17050 16.01 60.67 40.21 38.67 84.42 130.33
Minimum 8.20 160.00 1.00 24.00 6.10 15.00 9.50 12.00 34.00 29.00
Q1 13.50 275.00 2.90 39.25 14.00 31.75 30.00 25.50 60.25 72.75

Median 20.50 530.00 4.40 72.00 16.00 37.50 38.50 39.50 74.50 85.50
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Q3 25.00 792.50 8.20 110.00  18.50 48.75 52.25 55.00 120.00 96.50
Maximum 32.00 1000.0  12.00  1200.0 22.00 310.00 73.00 61.00 140.00 690.00
Skewness 0.03 0.25 0.56 2.90 -0.91 2.86 -0.09 -0.08 0.25 2.90
Kurtosis 1.82 1.57 1.91 9.64 4.17 9.53 2.27 1.64 1.75 9.68
K-Sp 1.00 0.85 0.87 0.04 0.56 0.04 0.98 0.90 0.79 0.02
CV [%l] 38.39 57.12 66.97 19237 2541 131.36 47.03 43.91 41.89 136.68

1 Q1 —lower quartile; Q3 —upper quartile; K-S—Kolmogorov—-Smirnov; CV —coefficient of variation.

3.3. Permitted and reported metals concentrations across countries and jurisdictions

For comparison between geographies and studies, this section examined the published literature
for the legally regulated metal concentrations in various jurisdictions and countries, the results of
which are shown in Table 3.

Table 3 shows obvious variability in regulatory standards for metal concentrations in soil
between countries and jurisdictions. Though the exact reason for this variation is not clear, different
regions may have distinct geological compositions, leading to variations in background
concentrations of metals in the soil. This natural variability can influence the establishment of
regulatory standards. In addition, environmental conditions, such as climate, precipitation, and soil
types, can also affect the mobility and bioavailability of metals, influencing the level of concern and,
consequently, regulatory limits.

Several regulatory standards for metals in soil across countries, exemplified by variations in
Italy, Netherlands, MEF Finland, Germany, Portugal, Canada and the US EPA, stem from a
combination of geological distinctiveness, environmental factors, and nuanced risk assessments.
Geological variations contribute to differing background concentrations of metals, influencing the
establishment of standards. The intended land use, exposure pathways, and local priorities also play
a role, leading to tailored regulations. Evolving scientific understanding, legal frameworks, and
international guidelines further contribute to the complexity, reflecting a commitment to
safeguarding human health and the environment within the specific context of each nation [97].

This study also examined the literature for the actual metal concentrations reported by various
recent studies conducted on agricultural lands and soils around the world. The results of this
literature review are shown in Table 4 together with the range of concentrations observed in this
work. This table shows marked variations in the concentration in soils from different origins resulting
from anthropogenic and natural origin.

Notably, several studies have shown grossly high values for certain metals, such as Pb (1200
mg/Kg in the present study, 4265 mg/Kg in the study by Pawara [98], and 3601 mg/Kg in another
study from Rome [62]), Cu (310 mg/Kg in the present study), Cr (633 mg/Kg in the study by Pawara
[98] and 233 mg/Kg in another study from Turin [99]), Ni (209 mg/Kg in the study from Torino [100])
and Zn (690 mg/Kg in the present study and 996 mg/Kg in another study from Rome [62]).
Interestingly, most studies with these outliers were conducted in Italy.

Table 3. Regulatory standards of metals in soil (mg/kg).

Organization/Country As Ba Be Pb Co Cu Cr Cd Ni Hg V Zn Ref.
Italian Limit A
(Public, private and residential) 20 i 2 100020 120 150 2 120 1 %0 150 [70]
Italian Limit B
. . 50 - 10 1000 250 600 800 15 500 5 250 1500  [70]
(Commercial/Industrial use)
US EPA 0.11 - - 200 270 11 048 72 1.0 - 1100 [101-103]

MEF, Finland 5 - - 60 20 100 100 1 50 0.5 100 200 [19,20]
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MEF, Finland 50 - - 200 100 150 200 10 100 2 150 250 [19,20]
(Lower guideline value)
MEF, Finland
. Sman 100 - - 750 250 200 300 20 150 5 250 400 [19,20]
(Higher guideline value)
Germany 50 - - 1000 - 200 500 5 200 5 - 600 [103]
Netherlands 76 - - 530 - 190 180 13 100 36 - 720 [103]
WHO - - - 01 - - 0.1 0.003 0.05 -0.08 - - [101]
Canad.a Ontario (25) (1000) 12 200 (50) (200) (10) (4.0) (200) 10 (250) (800) [104]
(Agriculture) 20 750 40 150 8.0 3.0 150 200 600
Portugal (Agriculture) 11 210 25 45 19 62 066 1 37 0.16 86 290 [96]
Table 4. Concentrations of metals (mg/kg) in agricultural soils.

Region As Ba Be Pb Co Cu Cr Ni \ Zn Ref.
Rome 8.2-32 160-1000 1-12 24-1200 6.1-22 15-310 9.5-73 12-61 34-140 29-690 1
Moquegua  20.7 181.90 - 16.6 10.4 57.1 8.9 7.5 49.9 78.3 [105]

Lisbon - - - 8.5 - - 515 624 - - [54]
Lod 'z - - - 21.6 - 8.39 - 2.10 - 42.8 [52]
Zhejiang 14.28 - - 40.28 - 27.95 49.01 26.97 - - [106]
Pawara - - - 4265.0 - 122.3 633.6 - - 128.7 [98]
Athens 29 - - 77 16 48 163 111 - 122 [107]
Megara Plain - - - - 17.2 22.8 4.8 6.6 - 15.5 [108]
Zhongshan 17.56 - - 50.67 - 56.81 7720 38.31 - 131.33 [109]
Ajka 6.027 - - 13.13 - 11.66 - 19.05 - 43.38 [110]
Cantabria 21.0 257.0 - 37.4 7.9 15.1 67.1 23.8 75.3 86.8 [111]
Campania 154 509 5.73 82.4 11.1 128 20.7 16.4 79.7 136 [95]
Warsaw - - - 64.2 - 14.0 - 8.83 - 152 [112]
Palermo - - - 202 52 63 34 17.8 54 138 [42]
Ancona - - - 97.4 18.1 63.9 45.6 50.9 - 199.1 [5]
Torino - - - 149 - 90 191 209 - 183 [100]
Salerno 10.5 304.3 4.1 126 8 75.2 19.4 16.6 56.5 197 [60]
Sopron - - - 109.2 30.8 88.9 - 43.3 - 151.9 [113]
Florida 1.37 36.9 - 39.5 0.71 9.57 16.4 3.55 - 54.6 [114]
European
72 - - 15. . 13.01 21.72 18. - - 41
Union (EU) 3 5.3 6.35 3.0 8.36 [41]
Turin 11 - - 124 27 94 233 164 86 170 [99]
Rome - - - 3601.2 - 280.1 - 97.2 - 996.0 [62]
h
Northern - - 18.3 - - - - - - - [74]
Latium

1 Results obtained in this work.

3.4. Clustering of metals and locations based on similarity

Figure 4 shows the clusters of metals obtained using the Pearson cluster analysis. Overall, six
clusters were identified, with cluster one comprising of As; cluster two including Ba, V, and Be;
cluster three including Pb and Cu; cluster four comprising of Co; cluster five including Cr and Ni;
and cluster six comprising of Zn.

Figure 5 shows the clusters of locations obtained using the Euclidean vertical cluster analysis. A
total of five clusters of locations were identified. Cluster I included three locations: “58 Via m.
Filippini GG1”, “44 Cesano EST VU2”, and “Ostia Antica 2 Volponi AC2”. Cluster II included four
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locations: “Mariotti 1 Ortaggi AC2”, “60 Via Cherasco VU2”, “Settebagni 5 AC2”, and “Tenuta
Columba Salaria 1 AC3”. Cluster III included three locations: “Marcigliana 8 AN2”, “52 Olgiata
NORD VU1”, and “49 Via m. Visentini VS2”. Cluster IV included one location: “Mongale 3 Prato
Naturale IN”. Cluster V also included one location: “Ostia Antica 3 Volponi”.

The average concentrations of the metals in these five location clusters are shown in Table 5. The
table shows that Clusters I and II had lower mean concentrations for most metals, while clusters III,
IV, and V had higher mean concentrations for several metals.
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Figure 4. Pearson Cluster Analysis for metals based on similarity.
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Figure 5. Pearson Euclidean vertical Cluster Analysis with dendrogram showing five groups of
clusters based on similarity.
Table 5. Average (standard deviation) of the concentration of the elements of the observed clusters.
Cluster* As Ba Be Pb Co Cu Cr Ni \ Zn
I 17(3) 570(106) 6(2) 65(23) 14(0) 34(15) 31(21) 29(15) 89(27) 64(25)
II 13(6) 268(59) 3(1) 33(7) 14(5) 34(15) 50(26) 47(23) 58(13) 77(35)
III 28(4) 977(25) 11(1) 106(6) 20(2) 38(9) 35(7) 31(7) 130(10) 85(3)
v 28 160 1 200 20 64 51 55 34 690
\ 23 740 4 1200 16 310 36 40 89 120

3.5. Principal component analysis to assess the anthropogenic relationship between study locations and metal

concentrations

Figure 6 depicts the 3-dimensional principal component analysis (PCA) Biplot for sampling
locations and metal concentrations, along with the PC1, PC2, and PC3 components (generated using
OriginPro 2021) [94], which accounted for 42%, 23.8%, and 18.3% of the variance of study results,
respectively, cumulatively accounting for over 80% of the study variance. Moreover, Figure 6
indicates the anthropogenic relationship of two study locations North of Rome (Figure 1) (“49 Via m.
Visentini V52”7, and “52 Olgiata NORD VU1”) with the high concentrations of As, Ba, Be, and V. In
addition, it also indicates the anthropogenic relationship of one study location South-West of Rome
(“Ostia Antica 3 Volponi”) with the high concentrations of Cu, and Pb. Notably, the soils of these
three sites are predominantly being used as croplands according to the data from ESA WorldCover

2021 [91].
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Figure 6. 3-Dimensional Principal Component Analysis (PCA) Biplot for sampling locations and
metals showing PC1, PC2 and PC3 components.

Figure 7 depicts the 2-dimensional PCA Biplot for sampling locations and metal concentrations,
along with the Dim1 (42%) and Dim2 (23.8%) components (generated using R, version X); thus, the
two factors (Dim 1 and Dim?2) together accounted for nearly 66% of the variance in this analysis.
Moreover, Figure 7 indicates the anthropogenic relationship of three study locations North of Rome
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(Figure 1) (“Marcigliana 8 AN2”, “49 Via m. Visentini VS52”, and “52 Olgiata NORD VU1”) with the
high concentrations of As, Ba, Be, and V. This analysis also indicates the anthropogenic relationship
of one study location South-West of Rome (“Ostia Antica 3 Volponi”) with the high concentrations
of Co, Cu, and Pb and that of another study location South-East of Rome (“Mongale 3 Prato Naturale
IN”) with the high concentrations of Cr, Ni, and Zn.)
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\
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Figure 7. 2-Dimensional Principal Component Analysis (PCA) Biplot for sampling locations and

Metal content.

3.6. Correlation matrix of studied metals to assess the anthropogenic relationship between metal
concentrations

Figure 8 shows the Pearson correlation coefficient matrix of the studied metals (generated using
OriginPro 2021) [94]. In this study, the five most strongly positively correlated pairs of metals were
Cu and Pb (r=0.99), Cr and Ni (r=0.95), Baand V (r=0.91), Ba and Be (r = 0.87), and As and Be (0.62).
In contrast, the five most strongly negatively correlated metal pairs were Be and Ni (r =-0.64), Be and
Cr (r =-0.54), As and Ni (r = -0.47), As and Cr (r = -0.46), and Ba and Ni (r = -0.46). Among these
correlated pairs, the pair of Cu and Pb can be considered of particularly high interest because of the
unusually high concentrations of both these metals in one study location (“Ostia Antica 3 Volponi”
with Cu concentration of 310 mg/Kg against the permitted limit of 120 mg/Kg and Pb concentration
of 1200 mg/Kg against the permitted limit of 100 mg/Kg).
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Figure 8. Pearson Correlation Coefficient Matrix for metals under study.
4. Discussion

4.1. Soil Standards for Urban Areas and the Need to Identify Hotspots

Soils of urban areas can be extensively exposed to metals because of several industrial and
commercial activities, such as those related to metallurgy, mining, fossil fuels, vehicular traffic, and
waste materials [5]. However, urban soils are not differentiated from other soils while framing
regulatory guidelines. Thus, the regulatory limits for metal concentrations may not be appropriate
for urban soils. To overcome this limitation and to identify the hotspot soils, Serrani et al. [5] proposed
a dynamic “threshold of attention” for each metal that was obtained by adding one-half of the
standard deviation to the arithmetic mean for that metal in various study samples. In this study, in
addition to the permitted regulatory limit (Limit A) [70], we used the “Q3 value” for the metal
concentrations to identify hotspot soils and labelled the locations with metal concentrations beyond
the Q3 concentrations as “worthy of scrutiny” (Box 1).

Therefore, among all studied clusters, clusters 3, 4, and 5 contained the most hotspot soils for
most of the studied metals. These results suggest that there is a need to reexamine the soil standards
for urban soils in the context of high metal concentrations bioavailability, and a systematic approach
to defining hotspots is necessary to limit the unwanted pubic health impacts of metal pollution.

4.2. Anthropogenic and Geogenic Contributions to Metal Enrichment of Soil

Whether these hotspot soils with unusually high metal concentrations are anthropogenic or
geogenic (volcanic) can be debated because of the mixed results of earlier studies [115] and
considering the origin of Roman soils from volcanic rocks [28]. Volcanic soils can be naturally
expected to contain a relatively higher concentration of metals than non-volcanic soils [116].
However, the results from various analyses used in this study also support an important
anthropogenic contribution to the high metal concentrations found in most of the hotspots in this
study. First, during the descriptive analysis for metal concentrations in Rome, 1) high skewness was
observed for Be, Pb, Co, Cu, and Zn; 2) highly leptokurtic distribution was seen for Pb, Cu, and Zn;
and 3) coefficients of variation for Pb, Cu, and Zn were above 100%. Second, five clusters of study
locations were revealed in the Euclidean vertical cluster analysis. Third, in the 3-dimensional PCA,
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two study locations were associated with high concentrations of As, Ba, Be, and V, while one study
location was associated with high concentrations of Cu, and Pb; the 2-dimensional PCA showed
consistent results with the 3-dimensional PCA. Fourth, in the Pearson correlational matrix analysis,
several pairs of metals were strongly positively correlated, including the pairs of Cu and Pb, Cr and
Ni, Ba and V, Ba and Be, and As and Be; in line with this, the Pearson cluster analysis also showed
six clusters of metals.

Box 1: Study locations worthy of scrutiny for evaluated metals.

As (Q3: 25.00 mg/Kg): two locations of cluster 3 and the sole
location of cluster 4 were found to be worthy of scrutiny.

Ba (Q3: 792.50 mg/Kg) and Be (Q3: 8.20 mg/Kg): all three
locations of cluster 3 were found to be worthy of scrutiny.

Pb (Q3: 110.00 mg/Kg): the sole locations of clusters 4 and 5
were found to be worthy of scrutiny.

Co (Q3: 18.50 mg/Kg): one location of cluster 3 and the sole
locations of clusters 4 and 5 were found to be worthy of
scrutiny.

Cu (Q3: 48.75 mg/Kg): one location of cluster 2 and the sole
locations of clusters 4 and 5 were found to be worthy of
scrutiny.

Cr (Q3: 52.25 mg/Kg) and Ni (Q3: 55.00 mg/Kg): three and two
locations of cluster 2, respectively, were found to be worthy of
scrutiny.

V (Q3: 120.00 mg/Kg): two locations of cluster 3 were found to
be worthy of scrutiny.

Zn (Q3: 96.50 mg/Kg): one location of cluster 2 and the sole
locations of clusters 4 and 5 were found to be worthy of
scrutiny.

Taken together, these analyses indicate that anthropogenic factors are closely involved in the
high concentrations of metals in this study. Several prior studies have also used these analyses to
confirm the anthropogenic causes of high metal concentrations in the soils [52,54,105]. A study from
Rome by Calace et al. [62] also found that an anthropogenic cause (vehicular traffic) was associated
with high concentrations of Cu, Ni, Pb, and Zn in the soils of parks and gardens in Rome. Other
studies from different regions of Italy have also corroborated the effects of anthropogenic activities
on metal concentrations. For instance, in southern Italy (Solofrana river valley), a study has found
high concentrations of Cr and Cu in agricultural soils [63]. Another study from Torino, Italy, found
high concentrations of Cu, Pb, and Zn within the city’s soils [100]. In general, the metal concentrations
reported in the present study were largely consistent with the previous studies from Italy [5,95,100].

The results of the present study were also compared with those from Europe, the United States,
Asia, and Africa (Table 3). In general, the metal concentrations reported by studies from Italy,
including the present study, tended to be higher than those reported from outside Italy, although
Spain and Cameroon were notable exceptions. These results reiterate the contribution of the geogenic
volcanic soils to the high metal concentrations in the volcanic soils of Italy. Therefore, based on the
results of the present study and the literature review, it can be suggested that though the presence of
volcanic soils makes Italy’s soils richer in metals compared to countries with non-volcanic soils
(especially in Ba, Be, and V), the human factors in the cities of Italy still contribute to the additional
enrichment of the soil in certain metals (Cu, Pb, Zn, etc.) which manifests as unusual clustering of
those metals in certain locations.

5. Conclusions

The multifunctional urban agriculture initiatives in Rome, particularly those undertaken by
young farmers through programs like "Rome Cultivating the City" (Roma Citta da Coltivare) and
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"Terre ai giovani," (Lands for youth) not only contribute to sustainable agricultural practices but also
serve as effective solutions to urban sprawl, offering ecological services, biodiversity enhancement,
and green connectivity while addressing socio-economic challenges. These projects showcase the
potential for urban agriculture to play a pivotal role in reshaping urban-rural dynamics, fostering
environmental resilience, and providing valuable ecosystem services in heavily urbanized areas [85].

The emergence of new forms of urban agriculture (NFUA), encompassing urban farms,
community-supported agriculture, allotment gardens, and agricultural parks, globally signifies a
strategic response to address local food demand, protect farmlands from urbanization, and enhance
the cultural well-being of urban residents in contemporary metropolitan landscapes [117].

Indeed the introduction of urban gardens, mainly by reusing abandoned or non-productive
land, involving local populations, is an important factor with great social, environmental and
economical relevance, with a strong contribution to cities sustainability. However, as consequence of
decades of land occupation with industrial activities that operated without appropriate
environmental regulation and the emission of diffused pollution due to cars, soils may have become
with increased contaminations that may limit its utilization. This is particularly critical when food is
to be produced, which may become a source of toxic substances into animal and human bodies.

In the case of the present study, besides anthropogenic pollution sources, the quality of the soils
becomes compromised due to natural geologic factors. Indeed, the volcanic origin of soils, contribute
to relatively high levels of barium, beryllium, arsenic and vanadium, and taking into consideration
the great toxicity of some of these metals the human health risks of using these soils as urban gardens
for food production become too high. However, further information should be obtained about the
bioavailability and potential transference mechanisms into the products that are being produced in
those soils.

In conclusion, this study collectively underscore the critical importance of addressing soil
contamination, particularly in urban environments, for effective environmental management and
public health. The distinctions between point sources and diffuse pollution, the comprehensive
analysis of heavy metal content, and the global applicability of standards highlight the complexity
and urgency of the issue. The interplay of urbanization with soil properties and the potential impact
on human health through the food chain emphasize the interconnectedness of environmental and
human well-being. The research also stresses the need for reliable data, comprehensive studies, and
cohesive policies to guide interventions and future research. Overall, the findings contribute valuable
insights for soil management, environmental health, and the development of unified strategies to
mitigate the risks associated with soil contamination.

To reiterate, only one studied soil “Settebagni 5 AC2” met the limit A concerning all the metals
analyzed. The soil from Ostia Antica 3 Volponi was found unsuitable for agriculture purposes
because it had 1200 mg/Kg of Pb. Moreover, several locations were found to have very high
concentrations that are worthy of scrutiny and detailed studies. Though the results of this study are
limited by a small number of study locations and samples, these results indicate that high metal
content can be a significant barrier to the utilization of urban agricultural lands in Rome. These results
may hold great importance for cities based in volcanic soils and in industrial cities utilizing urban
agricultural lands for food and feed. Further research is needed to understand the impact of soil
enrichment with metals on agricultural output and public health.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Figure S1: Map showing spatial distribution of metal content with the Land Use
Land Cover (LULC) from ESA WorldCover 2021 at the background.

Author Contributions: Conceptualization, reconstruction of CTR mosaic, georeferencing and digitization of soil
map of Rome, Italy-M.S.C.,, LM.S,, and J.E.S.; writing—original draft preparation, M.S.C., LM.S. and J.E.S.;
writing—review and editing, M.S5.C., LM.S. and J.E.S.; supervision, LM.S. and J.E.S.; funding acquisition, LM.S.
and J.E.S,; Soil collection - S.M and R.M. All authors have read and agreed to the published version of the
manuscript.

Funding: We acknowledge FCT for funding the R&D Unit CIQUP (UIDB/000081/2020) and the Associated


https://doi.org/10.20944/preprints202401.0097.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 January 2024 doi:10.20944/preprints202401.0097.v1

18

Laboratory IMS (LA/P/0056/2020).

Data Availability Statement: The data presented in this study are available on request from the corresponding

author.

Acknowledgments: Prof. Sara Marinari (DIBAF, University of Tuscia, Viterbo, Italy) is acknowledged for her
support in supplying soil materials for experimentation purposes. She provided the Soil map of municipality of
Rome, Italy in pdf format. The initial technique of georeferencing and digitization in QGIS software was taught
by Professor Anna Barbati, Department for Innovation in Biological, Agro-food and Forest systems (DIBAF) -
University of Tuscia, S. Camillo de Lellis snc, 01100, Viterbo, Italy. The intense process of reconstruction of CTR
mosaic, georeferencing and digitization of soil map of Rome, Italy was performed by Monica Shree

Chandramohan in QGIS software.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lorenz, K.; Kandeler, E. Biochemical characterization of urban soil profiles from Stuttgart, Germany. Soil
Biology & Biochemistry 2005, 37, 1373-1385. DOI: https://doi.org/10.1016/j.s0ilbio.2004.12.009

2. Naylo, A,; Pereira, S. 1. A,; Benidire, L.; Khalil, H. E.; Castro, P. M. L.; Ouvrard, S.; Schwartz, C.; Boularbah,
A. Trace and major element contents, microbial communities, and enzymatic activities of urban soils of
Marrakech city along an anthropization gradient. Journal of Soils and Sediments 2019, 19, 2153-2165.

3. Papa, S.; Bartoli, G.; Pellegrino, A.; Fioretto, A. Microbial activities and trace element contents in an urban
soil. Environmental Monitoring and Assessment 2010, 165, 193-203. doi: 10.1007/s10661-009-0938-1.

4. Unda-Calvo, J.; Ruiz-Romera, E.; Fdez-Ortiz de Vallejuelo, S.; Marti1' nez-Santos, M.; Gredilla, A. Evaluating
the role of particle size on urban environmental geochemistry of metals in surface sediments. Science of the
Total Environment 2019, 646, 121-133. DOI: 10.1016/j.scitotenv.2018.07.172

5. Serrani, D.; Ajmone-Marsan, F.; Corti, G.; Cocco, S.; Cardelli, V.; Adamo, P. Heavy metal load and effects
on biochemical properties in urban soils of a medium-sized city, Ancona, Italy. Environ. Geochem.
Health. 2022, 44, 3425-3449. DOI https://doi.org/10.1007/s10653-021-01105-8

6.  Ajmone-Marsan, F.; Biasioli, M. Trace elements in soils of urban areas. Water, Air & Soil Pollution 2010, 213,
121-143. DOI: https://doi.org/10.1007/s11270-010-0372-6

7. Sodango, T. H; Li, X; Sha, J.; Bao, Z. Review of the spatial distribution, source and extent of heavy metal
pollution of soil in China: Impacts and mitigation approaches. Journal of Health Pollution 2018, 8, 53-70. DOL:
10.5696/2156-9614-8.17.53

8. Wuana, R. A.; Okieimen, F. E. Heavy metals in contaminated soils: a review of sources, chemistry, risks
and best available strategies for remediation. ISRN Ecology 2011, 1-20. ID402647. DOIL
https://doi.org/10.5402/2011/402647

9. Xiao, R;; Wang, S;; Li, R;; Wang, J. ].; Zhang, Z. Soil heavy metal contamination and health risks associated
with artisanal gold mining in Tongguan, Shaanxi, China. Ecotoxicology and Environmental Safety 2017, 141,
17-24. DOI: 10.1016/j.ecoenv.2017.03.002

10. Zhang, Q.; Wang, C. Natural and human factors affect the distribution of soil heavy metal pollution: A
review. Water Air & Soil Pollution 2020, 231, 350. DOL: https://doi.org/10.1007/s11270-020-04728-2

11. Liao, Z; Xie, J.; Fang, X.; Wang, Y.; Zhang, Y.; Xu, X.; Fan, S. Modulation of synoptic circulation to dry
season PM2.5 pollution over the Pearl River Delta region: An investigation based on self-organizing maps.
Atmospheric Environment 2020, 230, 117482. DOI: https://doi.org/10.1016/j.atmosenv.2020.117482

12. Liu, D.; Li, Y.; Ma, J.; Li, C.; Chen, X. Heavy metal pollution in urban soil from 1994 to 2012 in Kaifeng city,
China. Water, Air and Soil Pollution 2016, 227, 154. DOL https://doi.org/10.1007/s11270-016-2788-0

13. Wei, B,; Yang, L. A review of heavy metal contaminations in urban soils, urban road dusts and agricultural
soils from China. Microchemical Journal 2010, 94, 99-107. DOI: https://doi.org/10.1016/j.microc.2009.09.014_

14. WHO (World Health Organization, Geneva, Switzerland). WHO World Water Day Report—World Health
Organization, Geneva, Switzerland. Chemicals of major public health concerns, 2009. Available online:
Chemical Safety and Health (who.int) (accessed on 12 December 2023).


https://doi.org/10.20944/preprints202401.0097.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 January 2024 doi:10.20944/preprints202401.0097.v1

19

15. Triassi, M.; Cerino, P.; Montuori, P.; Pizzolante, A.; Trama, U.; Nicodemo, F.; D’ Auria, J.L.; De Vita, S.; De
Rosa, E.; Limone, A. Heavy Metals in Groundwater of Southern Italy: Occurrence and Potential Adverse
Effects on the Environment and Human Health. Int. |. Environ. Res. Public Health 2023, 20, 1693. DOL
https://doi.org/10.3390/ijerph20031693

16. Boateng, T.K; Opoku, F.; Akoto, O. Heavy metal contamination assessment of groundwater quality: A case
study of Oti landfill site, Kumasi. Appl. Water Sci. 2019, 9, 33. DOIL https://doi.org/10.1007/s13201-019-
0915-y.

17.  Brindha, K,; Paul, R.; Walter, ].; Tan, M.L.; Singh, M.K. Trace metals contamination in groundwater and
implications on human health: Comprehensive assessment using hydrogeochemical and geostatistical
methods. Environ. Geochem. Health. 2020, 42, 3819-3839. DOI: 10.1007/s10653-020-00637-9

18. European Union. Report: Status of Implementation of EU Environmental Laws in Italy,
(IP/A/ENVI/IC/2006-183), Policy Department: Economic and Scientific Policy, IPOL/A/ENVI/2006-38,
November 2006. Available online:
https://www.europarl.europa.eu/RegData/etudes/etudes/join/2006/375865/IPOL-
ENVI_ET(2006)375865_EN.pdf (accessed on 12 December, 2023).

19. Téth, G.; Hermann, T.; Da Silva, M.R.; Montanarella, L. Heavy metals in agricultural soils of the European
Union with implications for food safety. Environment International 2016a, Volume 88, Pages 299-309, ISSN
0160-4120, DOI: https://doi.org/10.1016/j.envint.2015.12.017.

20. Ministry of the Environment, Finland. Government Decree on the Assessment of Soil Contamination and
Remediation Needs (214/2007, March 1, 2007). Available online:
https://finlex.fi/en/laki/kaannokset/2007/en20070214.pdf (accessed on 12 December, 2023).

21. Carlon, C. (Ed.). Derivation methods of soil screening values in Europe. A review and evaluation of
national procedures towards harmonization. European Commission, Joint Research Centre, Ispra, 2007,
EUR 22805-EN, 306 pp. ISBN: 978-92-79-05238-5, ISSN: 1018-5593. Available online:
https://esdac.jrc.ec.europa.eu/content/derivation-methods-soil-screening-values-europe-review-and-
evaluation-national-procedures. (accessed on 12 December, 2023).

22. Awasthi, S.K. Prevention of Food Adulteration Act No. 37 of 1954. Central and State Rules as Amended for
1999. third ed. Ashoka Law House, New Delhi, 2000.

23. UNEP. Environmental Risks and Challenges of Anthropogenic Metals Flows and Cycles. A Report of the
Working Group on the Global Metal Flows to the International Resource Panel (van der Voet, E.; Salminen,
R.; Eckelman, M., Mudd, G.; Norgate, T. Hischier, R.) 2013; pp. 231. Available online:
https://www.unep.org/resources/report/environmental-risks-and-challenges-anthropogenic-
metals-flows-and-cycles (accessed on 12 December, 2023).

24. Li, F. Heavy Metal in Urban Soil: Health Risk Assessment and Management. InTech. 2018. doi:
10.5772/intechopen.73256

25. Leeuwen, C.J.V.; Vermeire, T.G. Risk Assessment of Chemicals: An Introduction. 2nd ed. Heidelberg: Springer
Press; 2007. DOL: https://doi.org/10.1007/978-1-4020-6102-8

26. Greinert, A. The heterogeneity of urban soils in the light of their properties. . Soils. Sediments. 2015, 15,
1725-1737. DO https://doi.org/10.1007/s11368-014-1054-6

27. Rodriguez-Seijo, A.; Andrade, M.L.; Vega, F.A. Origin and spatial distribution of metals in urban soils. J.
Soils. Sediments. 2017, 17, 1514-1526.

28. Sager, M. Urban Soils and Road Dust—Civilization Effects and Metal Pollution—A Review. Environments
2020, 7, 98. https://doi.org/10.3390/environments7110098.

29. Madrid, L.; Diaz-Barientos, E.; Reinoso, R.; Madrid, F. Metals in urban soils of Sevilla: Seasonal changes
and relations with other soil components and plant contents. Eur. J. Soil Sci. 2004, 55, 209-217.

30. Lehmann, A.; Stahr, K. Nature and significance of anthropogenic urban soils. |. Soils. Sediments 2007, 7, 247—
260.

31. Naveen, B.P.; Mahapatra, D. M.; Sitharam, T.G.; Sivapullaiah, P.V.; Ramachandra, T. V. Physico-chemical
and biological characterization of urban municipal landfill leachate. Environ. Pollut. 2017, 220, 1-12. DOI:
10.1016/j.envpol.2016.09.002

32. Mavakala, B. K; Faucheur, S.L.; Mulaji, C.K.; Laffite, A.; Devarajan, N.; Biey, E.M.; Giuliani, G.; Otamonga,
J.; Kabatusuila, P.; Mpiana, P.T.; Poté,]. Leachates draining from controlled municipal solid waste landfill:
Detailed geochemical characterization and toxicity tests. Waste Manag. 2016, 55, 238-248.


https://doi.org/10.20944/preprints202401.0097.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 January 2024 doi:10.20944/preprints202401.0097.v1

20

33. Boateng, T. K.; Opoku, F.; Akoto, O. Y. Heavy metal contamination assessment of groundwater quality: A
case study of Oti landfill site, Kumasi. Appl. Water Sci. 2019, 9, 1-15. DOI:10.1007/s13201-019-0915-y

34. Ahmad, W.; Alharthy, R.D.; Zubair, M.; Ahmed, M.; Hameed, A.; Rafique, S. Toxic and heavy metals
contamination assessment in soil and water to evaluate human health risk. Sci. Rep. 2021, 11, 17006. DOI:
https://doi.org/10.1038/s41598-021-94616-4

35. Wu, Z; Zhang, L.; Xia, T.; Jia, X.; Wang, S. Heavy metal pollution and human health risk assessment at
mercury smelting sites in Wanshan district of Guizhou Province, China. RSC Adv. 2020, 10, 23066-23079.

36. Mohammadi, A. A.; Zarei, A.; Esmaeilzadeh, M.; Taghavi, M.; Yousefi, M.; Yousefi, Z.; Sedighi, F.; Javan,
S. Assessment of heavy metal pollution and human health risks assessment in soils around an industrial
zone in Neyshabur, Iran. Biol. Trace Elem. Res. 2020, 195, 343-352. DOI: https://doi.org/10.1007/s12011-019-
01816-1.

37. Alexander, P.D.; Alloway, B. J.; Dourado, A. M. Genotypic variations in the accumulation of Cd, Cu, Pb
and Zn exhibited by six commonly grown vegetables. Environ. Pollut. 2006, 144, 736-745.

38. Zhu, F.; Fan, W.; Wang, X.; Qu, L.; Yao, S. Health risk assessment of eight heavy metals in nine varieties of
edible vegetable oils consumed in China. Food Chem. Toxicol. 2011, 49, 3081-3085.

39. van Liedekerke, M.H.; Prokop, G.; Rabl-Berger, S.; Kibblewhite, M. G.; Louwagie, G. Progress in the
Management of Contaminated Sites in Europe. EUR 26376. Publications, Office of the European Union.
Luxembourg (68 pp). Joint Research Centre, Institute for Environment and Sustainability, 2014. DOI
https://data.europa.eu/doi/10.2788/4658

40. Téth, G, Jones, A.; Montanarella, L. (eds.) LUCAS topsoil survey — methodology, data and results.
Luxembourg: Publications Office of the European Union — 141pp. — EUR26102EN Scientific and Technical
Research series, ISSN 1831-9424, 2013. d0i:10.2788/97922. Available online:
https://esdac.jrc.ec.europa.eu/content/lucas-topsoil-survey-methodology-data-and-results
(accessed on 13 December, 2023).

41. Téth, G,; Hermann, T.; Szatmari, G.; Pasztor, L. Maps of heavy metals in the soils of the European Union
and proposed priority areas for detailed assessment. Science of The Total Environment 2016b, Volume 565,
Pages 1054-1062, ISSN 0048-9697.

42. Manta, D.S.; Angelone, M.; Bellanca, A.; Neri, R.; Sprovieria, M. Heavy metals in urban soils: a case study
from the city of Palermo (Sicily), Italy. The Science of the total environment 2002, 300, 229-243. DOL
https://doi.org/10.1016/s0048-9697(02)00273-5

43. Bellanca, A.; Hauser, S.; Neri, R.; Palumbo, B. Mineralogy and geochemistry of Terra Rossa soils, western
Sicily: insights into heavy metal fractionation and mobility. Sci. Total. Environ. 1996, 193, 57 —67.

44. Palumbo, B.; Angelone, M.; Bellanca, A.; Dazzi, C.; Hauser, S.; Neri, R.; Wilson, J. Influence of inheritance
and pedogenesis on heavy metal distribution in soils of Sicily, Italy. Geoderma 2000, 95, 247 -266.

45. Simon, D. Urban environments: issues on the peri-urban fringe. Ann. Rev. Environ. Resour. 2008, 33, 167—
185. DOI: https://doi.org/10.1146/annurev. environ.33.021407.093240.

46. Zhu, Y.G,; Reid, B.J.; Meharg, A.A_; Banwart, S.A.; Fu, B.J. Optimizing Peri-URban Ecosystems (PURE) to
re-couple urban-rural symbiosis. Sci. Total Environ. 2017, 586, 1085-1090.

47. Hu, N,; Yu, H,; Deng, B.; Hu, B.; Zhu, G; Yang, X,; Wang, T.; Zeng, Y.; Wang, Q. Levels of heavy metal in
soil and vegetable and associated health risk in peri-urban areas across China. Ecotoxicol. Environ. Saf. 2023,
259, 115037. DOL: https://doi.org/10.1016/j.ecoenv.2023.115037

48. Nazzal, Y.; Al-Arifi, N.S; Jafri, M.K,; Kishawy, H.A.; Ghrefat, H.A.; El-Waheidi, M.M.; Batayneh, A.T ;
Zumlot, T. Multivariate statistical analysis of urban soil contamination by heavy metals at selected
industrial locations in the Greater Toronto area, Canada. Geologia Croatica, 2015, 68, 147-159.

49. Jin, Y,; O’Connor, D.; Ok, Y.S,; Tsang, D.C.W.; Liu, A.; Hou, D. Assessment of sources of heavy metals in
soil and dust at children’s playgrounds in Beijing using GIS and multivariate statistical analysis. Environ.
Int. 2019, 124, 320-328.

50. Barbieri, M. The Importance of Enrichment Factor (EF) and Geoaccumulation Index (Igeo) to Evaluate the
Soil Contamination. . Geol. Geophys. 2016, 5, 237. DOI: 10.4172/2381-8719.1000237

51. Nazarpour, A.; Watts, M.].; Madhani, A.; Elahi, S. Source, Spatial Distribution and Pollution Assessment of
Pb, Zn, Cu, and Pb Isotopes in urban soils of Ahvaz City, a semi-arid metropolis in southwest Iran. Sci. Rep.
2019, 9, 5349. DOI: 10.1038/s41598-019-41787-w


https://doi.org/10.20944/preprints202401.0097.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 January 2024 doi:10.20944/preprints202401.0097.v1

21

52.  Wieczorek, K.; Turek, A.; Szczesio, M.; Wolf, W.M. Comprehensive Evaluation of Metal Pollution in Urban
Soils of a Post-Industrial City—A Case of Lo6dz Poland. Molecules, 2020, 25, 4350. DOL
https://doi.org/10.3390/molecules25184350

53. Techogenic Soil—Soil of the Year 2020. Soil Science Society of Poland. Available online:
http://ptg.sggw.pl/en/gleba-technogeniczna-gleba-roku-2020/ (accessed on 13 December, 2023).

54. Silva, HF,; Silva, N.F,; Oliveira, C.M.; Matos, M.]. Heavy Metals Contamination of Urban Soils— A Decade
Study in the City of Lisbon, Portugal. Soil Syst. 2021, 5, 27. https://doi.org/10.3390/soilsystems 5020027

55. Jaishankar, M.; Tseten, T.; Anbalagan, N.; Mathew, B.B.; Beeregowda, K.N. Toxicity, mechanism and health
effects of some heavy metals. Interdiscip. Toxicol. 2014, 7, 60-72. DOI: 10.2478/intox-2014-0009

56. Yadav, I.C; Devi, N.L.; Singh, V.K,; Li, J.; Zhang, G. Spatial distribution, source analysis and health risk
assess-ment of heavy metals contamination in house dust and surface soil from four major cities of Nepal.
Chemosphere 2019, 218, 1100-1113.

57. Yuan, X.; Xue, N.; Han, Z. A meta-analysis of heavy metals pollution in farmland and urban soils in China
over the past 20 years. |. Environ. Sci. 2021, 101, 217-226.

58. Eissa, F.; Elhawat, N.; Alshaal, T. Comparative study between the top six heavy metals involved in the EU
RASEFF notifications over the last 23 years. Ecotoxicology and Environmental Safety 2023, 265, 115489, DOL:
https://doi.org/10.1016/j.ecoenv.2023.115489.

59. Heuser, L. Soil Governance in current European Union Law and in the European Green Deal. Soil Security
2022, 6, 100053. DOI: https://doi.org/10.1016/j.soisec.2022.100053.

60. Cicchella, D.; Zuzolo, D.; Albanese, S.; Fedele, L.; Tota, I.D.; Guagliardi, I.; Thiombane, M.; De Vivo, B.;
Lima, A. Urban soil contamination in Salerno (Italy): Concentrations and patterns of major, minor, trace
and ultra-trace elements in soils. Journal of Geochemical Exploration 2020, 213, 106519. DOI: https://doi.org/
10.1016/j.gexplo.2020.106519

61. Marsan, F.A.; Zanini, E. Soils in Urban Areas, E. A. C. Costantini and C. Dazzi (eds.), The Soils of Italy,
World Soils Book Series, 2013. DOI:10.1007/978-94-007-5642-7_10

62. Calace, N.; Caliandro, L.P.; Petronio, B.M.; Pietrantonio, M.; Pietroletti, M.; Trancalini, V. Distribution of
Pb, Cu, Ni and Zn in urban soils in Rome city (Italy): effect of vehicles. Environmental Chemistry 2012, 9, 69-
76. DOL https://doi.org/10.1071/EN11066

63. Adamo, P.; Denaix, L.; Terribile, F.; Zampella, M. Characterization of heavy metals in contaminated
volcanic soils of the Solofrana river valley (southern Italy). Geoderma 2003, 117, 347-366.

64. Preunkert, S.; McConnell, ].R.; Hoffmann, H.; Legrand, M.; Wilson, A.L; Eckhardt, S.; Stohl, A.; Chellman,
N.J.; Arienzo, M.M.; Friedrich, R. Lead and Antimony in Basal Ice From Col du Dome (French Alps) Dated
With Radiocarbon: A Record of Pollution During Antiquity. Geophys. Res. Lett. 2019, 46, 4953—4961. DOL:
https://doi.org/10.1029/2019GL082641

65. McConnell, J. R.; Chellman, N. J.; Wilson, A. I; Stohl, A.; Arienzo, M. M.; Eckhardt, S.; Fritzsche, D.;
Kipfstuhl, S.; Opel, T.; Place, P. F.; Steffensen, J. P. Pervasive Arctic lead pollution suggests substantial
growth in medieval silver production modulated by plague, climate, and conflict. Proceedings of the
National Academy of Sciences of the United States of America, 2019; 116, pp. 14910-14915.
https://doi.org/10.1073/pnas.1904515116

66. Holdridge, G.; Kristiansen, S.M.; Barfod, G.H.; Kinnaird, T.C.; Lichtenberger, A.; Olsen, J.; Philippsen, B.;
Raja, R.; Simpson, I. A Roman provincial city and its contamination legacy from artisanal and daily-life
activities. PLoS ONE 2021, 16(6): e0251923. https://doi.org/10.1371/ journal.pone.0251923

67. Delile, H.; Keenan-Jones, D.; Blichert-Toft, J.; Goiran, J. P.; Arnaud-Godet, F.; Albaréde, F. Rome's urban
history inferred from Pb-contaminated waters trapped in its ancient harbor basins. Proceedings of the
National Academy of Sciences of the United States of America, 2017; 114, 10059-10064. DOI:
https://doi.org/10.1073/pnas.1706334114

68. Veron, A,; Véron A.; Goiran, J.; Morhange, C.; Marriner, N.; Empereur ]. Pollutant lead reveals the pre-
Hellenistic occupation and ancient growth of Alexandria, Egypt. Geophys. Res. Lett. 2006, 33, L06409.
DOI:10.1029/2006GL.025824

69. Padoan, E.; Rome, C.; Mehta, N.; Dino, G.A.; De Luca, D.A.; Ajmone-Marsan, F. Bioaccessibility of metals
in soils surrounding two dismissed mining sites in Northern Italy. Int. J. Environ. Sci. Technol. 2021, 18,
1349-1360. DOI: https://doi.org/10.1007/s13762-020-02938-z

70. Legislative Decree No. 152/2006 approving the Code on the Environment. Decreto Legislativo n. 152:
Codice dell'Ambiente. Gazzetta Ufficiale della Repubblica Italiana No. 88, 14 April 2006, Legislation


https://doi.org/10.20944/preprints202401.0097.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 January 2024 doi:10.20944/preprints202401.0097.v1

22

FAOLEX NoLEX-FAOC064213. (accessed on 13 December, 2023). Source: FAO, FAOLEX. Available online:
http://faolex.fao.org/docs/pdf/ita64213.pdf

71. Directorate-General for Environment, European Commission, 2023. Available online: Proposal for a
Directive on Soil Monitoring and Resilience (europa.eu), 5 July 2023 -publication date. (accessed on 13
December, 2023).

72. Montereali, M.R.; Angelone, M.; Manojlovi¢, M.S; Armiento, G.; Cabilovski, R.; Crovato, C.; De Cassan, M.;
Massanisso, P.; Vidojevi¢, D. Mobility of Potentially Toxic Elements in Urban Soils: A Comparison between
Rome and Novi Sad. Soicietd Geologica: Italiana, Roma, 2015, 35, Suppl. S2.

73. Spaziani, F.; Angelone, M.; Coletta, A.; Salluzzo, A.; Cremisini, C. Determination of platinum group
elements and evaluation of their traffic-related distribution in Italian urban environments. Anal. Lett. 2008,
41, 2658-2683. DOI: https://doi.org/10.1080/00032710802363503

74. Armiento, G.; Bellatreccia, F.; Cremisini, C.; Ventura, G.D.; Nardi, E.; Pacifico, R. Beryllium natural
background concentration and mobility: a reappraisal examining the case of high Be-bearing pyroclastic
rocks. Environ. Monit. Assess. 2013, 185, 559-572. DOL https://doi.org/10.1007/5s10661-012-2575-3

75. Caporale, A.G.; Agrelli, D.; Rodriguez-Gonzalez, P.; Adamo, P.; Alonso, ]J..G. Hexavalent chromium
quantification by isotope dilution mass spectrometry in potentially contaminated soils from south Italy.
Chemosphere 2019, 233, 92-100. DOI: 10.1016/j.chemosphere.2019.05.212

76. Ferri, R.; Hashim, D.; Smith, D.R.; Guazzetti, S.; Donna, F.; Ferretti, E.; Curatolo, M.; Moneta, C.; Beone,
G.M.; Lucchini, R.G. Metal contamination of home garden soils and cultivated vegetable in the province of
Breschia, Italy: Implications for human exposure. Sci. Total Environ. 2015, Volume 518-519, 507-517.

77. Ajmone-Marsan, F.; Biasioli, M.; Kralj, T.; Grcman, H.; Davidson, C.M.; Hursthouse, A.S.; Madrid, L,;
Rodrigues, S. Metals in particle-size fractions of the soils of five European cities. Environ. Pollut. 2008, 152,
73-81. DOI: 10.1016/j.envpol.2007.05.020.

78. Imperato, M.; Adamo, P.; Naimo, D.; Arienzo, M.; Stanzione, D.; Violante, P. Spatial distribution of heavy
metals in urban soils of Naples city (Italy). Environ. Pollut. 2003, 124, 247-256.

79. Guagliardi, I.; Cicchella, D.; De Rosa, R.; Buttafuoco, G. Assessment of lead pollution in topsoils of a
southern Italy area: Analysis of urban and peri-urban environment. Journal of Environmental Sciences 2015,
33, 179-187. DOL https://doi.org/10.1016/j.jes.2014.12.025

80. Province/Citta Metropolitane per popolazione -https://www.tuttitalia.it/province/popolazione/
(accessed on 29 December, 2023); Provinces/Metropolitan Cities by surface area, 2021. Province/Citta
Metropolitane per superficie" (in Italian). Retrieved 29 April 2022 - Provinces of Italy - Wikipedia.
Data updated as of 01/01/2023 (Italian National Institute of Statistics, Istat). (accessed on 26 December,
2023).

81. QGIS (Quantum Geographic Information System)- Free and Open Source Software (FOSS). Available
online: https://www.qgis.org/en/site/forusers/download.html (accessed on 29 December 2023).

82. Marino, D.; Palmieri, M.; Marucci, A.; Soraci, M.; Barone, A.; Pili, S. Linking Flood Risk Mitigation and
Food Security: An Analysis of Land-Use Change in the Metropolitan Area of Rome. Land 2023, 12, 366. DOI:
https://doi.org/ 10.3390/land 12020366

83. AAVV. Roma, Metropoli al Futuro. Innovativa, Sostenibile, Inclusiva. Piano Strategico Metropolitano di
Roma Capitale 2022-2024. 2022. Available online:
https://static.cittametropolitanaroma.it/uploads/Trasp_Delibera_76-
15_14_12_2022_DPT0400.pdf (accessed on 26 December, 2023).

84. Capotorti G.; Mollo B.; Zavattero L.; Anzellotti I.; Celesti-Grapow L. Setting Priorities for Urban Forest
Planning. A Comprehensive Response to Ecological and Social Needs for the Metropolitan Area of Rome
(Italy). Sustainability 2015, 7(4), 3958-3976. DOI: 10.3390/su7043958

85. Cartiaux, N.; Mazzocchi, G.; Davide Marino et Haissam Jijakli. Improving urban metabolism through
agriculture: an approach to ecosystem services qualitative assessment in Rome. VertigO - la revue
électronique  en sciences  de  l'environnement,  Hors-série 31, September  2018. URL:
http://journals.openedition.org/vertigo/21655; DOI : https://doi.org/10.4000/vertigo.21655
(accessed on 25 December, 2023).

86. Marino, D. Agricoltura urbana e filiere corte un quadro della realta italiana (Urban agriculture and short
supply chains: a picture of Italian reality), Franco Angeli, Roma, November 2016. ISBN: 978-88-917-4378-7

87. Climate Change Knowledge Portal-World Bank Group. Available online:
https://climateknowledgeportal.worldbank.org/ (accessed on 29 December, 2023).


https://doi.org/10.20944/preprints202401.0097.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 January 2024 doi:10.20944/preprints202401.0097.v1

23

88. Urban Atlas-Copernicus. Available online: https://land.copernicus.eu/en/products/urban-atlas -
accessed on 29 December 2023.

89. Regional Technical Map (CTR), Roma - Scale 1:10.000 - v. 1990/1991 - TIF document format; Regional
Technical Map (CTR) - geoportale.regione.lazio.it - accessed on 29 December, 2023.

90. Soil Map of the Municipality of Rome in scale 1:50.000 - THE SOILS OF ROME, 2003 Edition, Antonia
Arnoldus-Huyzendveld. I SUOLI DI ROMA, Edizione 2003, Antonia Arnoldus-Huyzendveld, Per la parte
III: Antonia Arnoldus-Huyzendveld e Giuseppe Pucci.

91. ESA WorldCover, 2021. Available online: https://worldcover2021.esa.int/ (accessed on 29 December,
2023).

92. Posit team, 2023. RStudio: Integrated Development Environment for R. Posit Software, PBC, Boston, MA.
URL http: //www.posit.co/.

93. Chakravarti; Laha and Roy. Handbook of Methods of Applied Statistics, Volume I, John Wiley and Sons, 1967;
pp. 392-39%4.

94.  OriginPro 2021. Available online: https://www.originlab.com/2021 (accessed on 29 December, 2023).

95. Minolfi, G.; Albanese, S.; Lima, A.; Tarvainen, T.; Rezza, C.; De Vivo, B. Human health risk assessment in
Avellino-Salerno metropolitan areas, Campania Region, Italy. Journal of Geochemical Exploration 2018, 195,
97-109. DOL https://doi.org/10.1016/j.gexplo.2017.12.011

96. Contaminated Soils - Technical Guide, REFERENCE VALUES, To the ground, Amadora, January 2019,
(Review 3 - September 2022), Portuguese Environment Agency (APA). Solos Contaminados — Guia Técnico,
VALORES DE REFERENCIA, PARA O SOLO, AMADORA, JANEIRO DE 2019, (REVISAO 3 - SETEMBRO
DE 2022), Agencia Portuguesa do Ambiente (APA).

97. Shi-bao, C.; Meng, W.; Shan-shan, L.; Zhong-qiu, Z.; Wen-di, E. Overview on current criteria for heavy
metals and its hint for the revision of soil environmental quality standards in China. Journal of Integrative
Agriculture 2018, 17, 765-774. DOI: 10.1016/S2095-3119(17)61892-6

98. Fodoué, Y.; Ismaila, A.; Yannah, M.; Wirmvem, M.].; Mana, C.B. Heavy metal contamination and ecological
risk assessment in soils of the Pawara gold mining area, Eastern Cameroon. Earth 2022, 3, 907-924.

99. Biasioli, M.; Ajmone-Marsan, F. Organic and inorganic diffuse contamination in urban soils: the case of
Torino (Italy). J. Environ. Monit. 2007, 9, 862-868. DOI: 10.1039/b705285e

100. Biasioli, M.; Barberis, R.; Ajmone-Marsan, F. The influence of a large city on some soil properties and metals
content. Science of the Total Environment 2006, 356, 154 - 164. DOI:
https://doi.org/10.1016/j.scitotenv.2005.04.033

101. Kinuthia, G.K,; Ngure, V.; Beti, D.; Lugalia, R.; Wangila, A.; Kamau, L. Levels of heavy metals in wastewater
and soil samples from open drainage channels in Nairobi, Kenya: community health implication. Sci. Rep.
2020, 10, 8434. DOI: https://doi.org/10.1038/s41598-020-65359-5

102. US EPA. Supplemental guidance for developing soil screening levels for superfund sites. Office of Solid
Waste and Emergency Response, Washington, D.C, 2002.

103. He, Z.; Shentu, J.; Yang, X,; Baligar, V.C.; Zhang, T.; Stoffella, P.]. Heavy Metal Contamination of Soils:
Sources, Indicators, and Assessment. Journal of Environmental Indicators 2015, 9, 17-18.

104. Surface soil and groundwater criteria for agricultural, residential/parkland, industrial/commercial land use
for a potable groundwater condition, Canada Ontario Law, 1997.

105. Bedoya-Perales, N. S.; Neimaier, A.; Maus, D.; Escobedo-Pacheco, E.; Eduardo, K.; Pumi, G. (n.d.). Patterns
of accumulation and baseline values for metals in agricultural soils from a copper mining region in
southern Peru. Environmental Nanotechnology, Monitoring and Management 2023, 20, 100896. DOI:
https://doi.org/10.1016/j.enmm.2023.100896.

106. Wang, Z.; Bai, L.; Zhang, Y.; Zhao, K,; Wu, J.; Fu, W. Spatial variation, sources identification and risk
assessment of soil heavy metals in a typical Torreya grandis cv. Merrillii plantation region of southeastern
China. Sci. Total Environ. 2022, 849, 157832. DOI https://doi.org/10.1016/j.scitotenv.2022.157832.

107. Argyraki, A.; Kelepertzis, E. Urban soil geochemistry in Athens, Greece: The importance of local geology
in controlling the distribution of potentially harmful trace elements. Science of the Total Environment 2014,
volume 482483, 366-377. DOL: https://doi.org/10.1016/j.scitotenv.2014.02.133

108. Alexakis, D.; Gamvroula, D.; Theofili, E. Environmental Availability of Potentially Toxic Elements in an
Agricultural Mediterranean Site. Environmental & Engineering Geoscience 2019, Vol. XXV, 169-178.
https://pubs.geoscienceworld.org/aeg/eeg/article-pdf/25/2/169/4684930/i1078-7275-25-2-169.pdf


https://doi.org/10.20944/preprints202401.0097.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 January 2024 doi:10.20944/preprints202401.0097.v1

24

109. Pan, Y,; Ding, L.; Xie, S.; Zeng, M.; Zhang, ].; Peng, H. Spatiotemporal simulation, early warning, and
policy recommendations of the soil heavy metal environmental capacity of the agricultural land in a typical
industrial city in China: Case of Zhongshan City. Journal of Cleaner Production 2021, 285, 124849. DOI:
https://doi.org/10.1016/j.jclepro.2020.124849.

110. Zachary, D.; Jordan, G.; Volgyesi, P.; Bartha, A.; Szabd, C. Urban geochemical mapping for spatial risk
assessment of multisource potentially toxic elements — A case study in the city of Ajka, Hungary. Journal
of Geochemical Exploration 2015, 158, 186-200.

111. Boente, C.; Martin-Méndez, I.; Bel-Lan, A.; Gallego, ].R. A novel and synergistic geostatistical approach to
identify sources and cores of Potentially Toxic Elements in soils: An application in the region of Cantabria
(Northern  Spain).  Journal ~ of  Geochemical — Exploration 2020, 208, 106397. DOL
https://doi.org/10.1016/j.gexplo.2019.106397

112. Brtnicky, M.; Pecina, V.; Baltazar, T, Galiova, M.V.; Baldkova, L, B e’s, A, Radziemska, M.
Environmental Impact Assessment of Potentially Toxic Elements in Soils Near the Runway at the
International ~ Airport in  Central = Europe.  Sustainability =~ 2020, 12,  7224. DOL
https://doi.org/10.3390/sul12177224

113. Horvath, A.; Sztics, P.; Bidlo, A. Soil condition and pollution in urban soils: evaluation of the soil quality
in a Hungarian town. J. Soils. Sediments. 2015, 15, 1825-1835. DOI: https://doi.org/10.1007/s11368-014-
0991-4

114. Da Silva, E. B.; Gao, P.; Xu, M.; Guan, D.; Tang, X.; Ma, L.Q. Background concentrations of trace metals
As, Ba, Cd, Co, Cu, Ni, Pb, Se, and Zn in 214 Florida urban soils: Different cities and land uses.
Environmental Pollution 2020, 264, 114737. DOL: https://doi.org/10.1016/j.envpol.2020.114737

115. Binner, H.; Sullivan, T.; Jansen, M.A.K.; McNamara, M.E. Metals in urban soils of Europe: A systematic
review. Science of The Total Environment 2023, 854, 158734. DOI:
https://doi.org/10.1016/j.scitotenv.2022.158734

116. Yang,].;Sun, Y.; Wang, Z.; Gong, J.; Gao, J.; Tang, S.; Ma, S.; Duan, Z. Heavy metal pollution in agricultural
soils of a typical volcanic area: Risk assessment and source appointment. Chemosphere 2022, 304, 135340.
DOI: https://doi.org/10.1016/j.chemosphere.2022.135340

117. La Rosa, D. New Forms of Urban Agriculture in Metropolitan Areas: Examples from Italy. In: Breuste, J.,
Artmann, M., Ioja, C., Qureshi, S. (eds) Making Green Cities. Cities and Nature, 2023. Springer, Cham. DOI:
https://doi.org/10.1007/978-3-030-73089-5_10

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202401.0097.v1

	1. Introduction
	2. Materials and Methods
	2.1. Study area, Soil sampling and Sample Preparation
	2.2. Analytical methods, Statistical analysis and Regulation limits

	3. Results
	3.1. Location-wise concentrations of metals
	3.2. Descriptive statistics
	3.3. Permitted and reported metals concentrations across countries and jurisdictions
	3.4. Clustering of metals and locations based on similarity
	3.5. Principal component analysis to assess the anthropogenic relationship between study locations and metal concentrations
	3.6. Correlation matrix of studied metals to assess the anthropogenic relationship between metal concentrations

	4. Discussion
	4.1. Soil Standards for Urban Areas and the Need to Identify Hotspots
	4.2. Anthropogenic and Geogenic Contributions to Metal Enrichment of Soil

	5. Conclusions
	References

