soil systems

Article

Urban Soil Pollution by Heavy Metals: Effect of the Lockdown
during the Period of COVID-19 on Pollutant Levels over a

Five-Year Study

Sotiria G. Papadimou !, Ourania-Despoina Kantzou 1-2, Maria-Anna Chartodiplomenou

and Evangelia E. Golia "*

check for
updates

Citation: Papadimou, S.G.; Kantzou,
O.-D.; Chartodiplomenou, M.-A.;
Golia, E.E. Urban Soil Pollution by
Heavy Metals: Effect of the
Lockdown during the Period of
COVID-19 on Pollutant Levels over a
Five-Year Study. Soil Syst. 2023, 7, 28.
https:/ /doi.org/10.3390/
soilsystems7010028

Academic Editor: Mallavarapu

Megharaj

Received: 13 February 2023
Revised: 13 March 2023
Accepted: 17 March 2023
Published: 20 March 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

2

Laboratory of Soil Science, School of Agriculture, Aristotle University of Thessaloniki,

541 24 Thessaloniki, Greece

Laboratory of Soil Science, Department of Agriculture Crop Production and Rural Environment,
University of Thessaly, Fytokou Street, Volos, 384 46 Magnesia, Greece

*  Correspondence: egolia@auth.gr; Tel.: +30-2310-998-809

Abstract: When residents of Volos, a city in central Greece, are trying to recall their daily life after
the end of the quarantine due to COVID-19, the soil pollution survey provided valuable insights,
which are compared with a 4-year study carried out in that area before the pandemic period. Using
appropriate indices, namely contamination factor (CF), pollution load index (PLI), geo-accumulation
index (Igeo), ecological risk factor (E;), and potential ecological risk index (RI), and using geostatistical
tools, maps were constructed for each metal (Cu, Zn, Pb, Ni, Cd, Co, Cr, Mn). Variations in the
values of the contamination indices showed a significant redistribution in pollutant load from areas
previously polluted by high vehicle traffic and the activities of the main port to the residential areas,
where the habitants have their homes and playgrounds. The study showed that Cu, Zn, Pb, and Co
concentrations increased during the pandemic period by 10%, 22.7%, 3.7%, and 23.1%, respectively.
Ni’s concentration remained almost constant, while Cd, Cr, and Mn concentrations were decreased
by 21.6%, 22.2%, and 9.5%, respectively. Fluctuations in the concentrations and corresponding
contamination and ecological indices of the elements can serve as a means for highlighting potential
sources of pollution. Therefore, although the pandemic period created anxiety, stress, and economic
hardship for citizens, it may prove to be a valuable tool for investigating the sources of pollution
in urban soils. The study of these results could potentially lead to optimal ways for managing the
environmental crisis and solve persistent problems that pose risks to both the soil environment and
human health.

Keywords: potentially toxic elements; contamination factor (CF); pollution load index (PLI);
geo-accumulation index (Igeo); ecological risk factor (Er)

1. Introduction

Soil pollution is one of the most worrying problems affecting the environment that
humanity faces today [1-3]. Heavy metals, which are also mentioned in the literature
as potentially toxic elements (PTEs), in soil are constantly accumulating and dispersing
to different parts of the ecosystem, posing in severe degradation of soil environment [4].
Industrial activities, illegal disposal of solid and liquid waste, municipal waste disposal,
and inappropriate use of agrochemicals collectively contribute to the uptake and bioaccu-
mulation of heavy and toxic metals in the soil environment [5]. In addition, the leaching of
heavy metals and pesticides poses a serious pollution risk to groundwater aquifers [6,7].
Consequently, several methods have been advocated to manage soil pollution from several
pollutants, such as stabilization, adsorption, and remediation of soils contaminated with
heavy metals [8-10].
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Furthermore, heavy metals pose a significant threat to human health due to human
exposure to them [11,12]. Human toxic exposure to heavy metals has been linked to serious
consequences for human health, such as heart and skeletal diseases, infertility, and various
neurological disorders [13-15]. The excessive accumulation of heavy metals in the human
body can cause various effects on different physiological functions, which leads to three
pathogeneses: carcinogenesis, teratogenesis, and mutagenesis [16].

Urban soils, especially those in green areas such as parks, schoolyards, flowerbeds
along highways, and residential areas, can have a direct impact on public health, as metal
accumulation can be easily transferred to the human body [17,18]. Dust ingestion is globally
recognized as one of the main routes for human and child exposure to heavy metals and
metalloids, which derive from paints and varnishes, petroleum products, and leaded petrol,
wheeled vehicles, and local industries located near cities [19,20]. These activities displace
heavy metals into the air and the metals are then deposited in urban soil through dust
containing the metal. It is well known that there is a close relationship between the levels of
heavy metals in soils and those deposited in the dust [21]. The relationship between air and
soil is therefore close and bidirectional. Heavy metals in soils can affect air quality because
they can create particulate matter and dust [22]. For this reason, soils play a particularly
important role in the migration and transformation of heavy metals [18,23]. The footprint
of long-term pollution is reflected in the soil [24]. Human activities have a significant
impact on the accumulation of heavy metals in soils. It is therefore self-evident that it is
very important to consider the ecological risks of heavy metals to the ecosystem and the
potential risks they pose to both the environment and living organisms [25].

The high intensity and frequency of human activities in cities leads to the enrichment
and accumulation of more heavy metals and other pollutants in the environment [26].
More importantly, the population is generally concentrated in cities, but relatively fewer in
suburbs and villages, resulting in greater risks to human health in the urban center [27].
Industrial activities and vehicle emissions are largely responsible for the accumulation of
high levels of heavy metals in soils [28,29].

In Greece, human-induced activities have been reduced due to COVID-19 [30]. Amidst
quarantine and national blockades, the government announced a blockade from 20 March
2020 to 31 May 2021 during four different periods [31]. Schools, colleges, shopping malls,
some public transport, and hotels remained closed during the lockout period, while small
and larger industries operated for a shorter number of hours as workers had to return
home earlier due to the curfew [32]. Many changes were caused in food establishments,
such as taverns, restaurants, and cafes, which were open for a few hours with restrictions
until the afternoon, while in the evening they were closed [33]. Furthermore, in addition
to travel restrictions, a strict nonessential movement ban was implemented [34]. Many
changes have taken place in the daily life of citizens, in Greece and in other countries,
forcing people to change their habits and reduce their activities, contributing to a possible
reduction in transport-related pollution [35]. Wheeled vehicles moved less, and during
the evening hours there was no transportation, as there was a strict prohibition. However,
people stayed longer in their homes, using fireplaces for more hours, which were mainly
used for heating and cooking [36]. As a result of this condition, there was an increase in the
levels of gaseous pollutants, strong odor, and PM 2.5 particles in the air [32,37,38]. The close
relationship between air and soil pollution is well known, as the soil becomes a record of
long-term environmental pollution [31]. However, the change in pollution in the terrestrial
environment has not been captured.

This study aims to capture and record the variability of heavy metal levels in urban
soils during the COVID-19 pandemic period. The specific measures to prevent the spread
of the pandemic and the curfew adopted by the decision-makers led to spatial variations
in the level of heavy metals in the soil environment. For monitoring these variations,
appropriate indicators and GIS tools were used.
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2. Materials and Methods
2.1. Study Area, Sampling, and Sample Preparation

The study area is the urban context of the city of Volos. It is centrally located in
Greece, as it is equally distant from Athens and Thessaloniki. The city is coastal, as the
southern part of the city is bordered by the Pagasiticos Gulf, while the northern and eastern
part is bordered by Mount Pelion. According to a previous study by Golia et al. [2,3],
the western side of the city is developed as an industrial zone, where there are intense
industrial activities, at metal processing stages [39]. To the east side, there is a cement
manufacturing plant. Additionally, in the city, there is a commercial and passenger port, a
railway station, and a station for suburban and intercity buses [31].

The survey started in 2018 and continued for the next 5 years. A total of 310 surface
(020 cm) soil samples were collected and analyzed, 62 samples per year. The samples were
gathered from the area of the port, railway station, and the urban and intercity bus station.
Samples were also collected from the urban green areas, parks, and green strips located on
both sides of the city’s high traffic roads [40]. Soil samples were collected in June, as it has
been found that metal concentrations are also high during periods without rain, so there is
a minimum possibility of leaching [4].

2.2. Chemical Analyses

After collection, soil samples were transferred to the Soil Science Laboratory to perform
chemical analyses; all soil analysis methods are described in [41]. The mechanical (particle
size) composition of the soil samples was determined by the Bougioukos” method and
the soil texture was defined after determining the percentages of sand, silt, and clay. The
determination of pH and electrical conductivity (EC) was carried out in an aqueous soil
suspension, with a soil to water ratio of 1:2.5, using Crison pH and EC meters [42].

To determine the percentage of organic matter (OM) in the soil samples, the soil
samples were first oxidized using K,Cr,O7 solution and then volumetrically measured
with FeSO,.7H,0 solution, according to the Walkley-Black method. The percentage of
CaCOj; was determined by using Bernard’s method [41]. For the determination of the
pseudo-total metal concentrations, the method of extraction with a mixture of strong
HCI:HNOs acids in a ratio of 1:3 (aqua regia) was used [43].

The quantification of heavy metals was carried out with a Perkin Elmer and Shimatzou
atomic absorption spectrophotometer equipped with a flame and graphite furnace attach-
ment. In some cases, an ICP-OES Analyzer SPECTRO ARCOS spectrophotometer was
used. For quality assurance and quality control of the extraction and analytical methods, a
certified material (BCR-142R light sandy soil) was used. The recovery of the metals ranged
from 97.1 to 102.4%.

2.3. Contamination Indices

According to [39], the following indices were measured for Cu, Zn, Pb, Ni, Cd, Co, Cr,
and Mn.

2.3.1. Contamination Factor (CF)

The contamination factor (CF) index is widely used for the determination of soil
contamination with single metals, according to the following formula:

CF = CAR/CAR ref )

where CaR is aqua regia-extracted metal (mg kg’l). CaR ref is the background metal
concentration in mostly uncontaminated areas (mg kg_l, values obtained from [1]). Four
classes are distinguished, as follows: Class I: CF < 1, for pristine soils; Class II: 1 < CF < 3,
for moderate contaminated soils; Class III, 3 < CF < 6 for considerably contaminated soils;
and Class IV: CF > 6, for very high contaminated soils.
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2.3.2. Pollution Load Index (PLI)

The pollution load index (PLI) is used for the calculation of soil contamination based
on the studied metals, as follows:

PLI = (CFy X CFy X ... x CF,)V/m )

where CF is the contamination factor that is calculated by Equation (1) and n is number of
metals. PLI is classified into six classes: Class I: PLI < 0, no pollution; Class II: 0 < PLI < 1,
low degree of pollution; Class III: 1 < PLI < 2, moderate degree of pollution; Class IV: 2 <
PLI < 4, high degree of pollution; Class V: 4 < PLI < 8, very high degree of pollution; and
Class VI: 8 < PLI < 16, extremely high degree of pollution.

2.3.3. Geo—Accumulation Index (Igeo)

The geo-accumulation index (Igeo) is the amount of contamination calculated according
to the following formula [44]:

Igeo =10g2 (CAR/1.5CARref) 3)

where CR is an aqua regia-extracted metal (mg kg~'). Cagr ref 18 the background metal
concentration in mostly uncontaminated areas (mg kg~!, values obtained from [1]). Igeo is
categorized into seven classes: Class I: Igeo < 0; Class I1: 0 < Igep < 1; Class III: 1 < Igeo < 2;
Class IV: 2 < Igeo < 3; Class V: 3 < Igeo < 4; Class VI: 4 < Igeo < 5; and Class VII: [geo > 5 [45].

2.3.4. Ecological Risk Factor (E;)

The ecological risk factor (E;) is used in estimating the ecological risk for contaminated
soil. This index is based on metal toxicity and environmental response factors. E; is
calculated using the following equation:

E,=Tr x CF (4)

where T; refers to the toxic-response factor values for each different metal. According to
Zhang and Liu [46], the toxic-response factor values of heavy metals are as follows: Cu: 5,
Zn: 1, Pb: 5, Ni: 5, Cd: 30, Co: no reference, Cr: 2, and Mn: 1. CF refers to the contamination
factor, which is calculated by equation [1]. Five classes of E; are distinguished, as follows:
Class I: Er < 40, low risk; Class II: 40 < Er < 80, moderate risk; Class III: 80 < Er < 160,
considerable risk; Class IV: 160 < Er < 320, high risk; and Class V: Er > 320, very high risk.

2.3.5. Potential Ecological Risk Index (RI)

The potential ecological risk index (RI) is used to assess environmental risks from
contaminated soils. According to the study by Hakanson [47], the Rl is calculated using the
following equation:

RI=) E 5)

where Er is the ecological risk factor, which is calculated by equation [4]. The RI classifica-
tion follows: Class I: RI < 150, low risk; Class II: 150 < RI < 300, moderate risk; Class III:
300 < RI < 600, considerable risk; and Class IV: RI > 600, high risk.

2.4. Data Analysis

Data were statistically analyzed using Microsoft Office Excel. To find a statistically
significant difference per year between metal concentrations, a pairwise T-test was used
for comparison. Q-GIS software (version 3.28.2) was used for geostatistical analysis and
interpolation with help from Smart Map (version 1.2). The values of the contamination
factors (CFs) were used for the creation and construction of the thematic maps and were
calculated as presented in detail in Section 2.3.1. The results of the geostatistical study,
after applying the ordinary kriging method, are presented in Table 3, for the pre-COVID
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years and the pandemic period, respectively. In geostatistics, kriging is an interpolation
method based on a Gaussian process governed by prior covariance. Under appropriate
prior assumptions, kriging gives the best binary linear impartial prediction (BLUP) [39].
The method is widely used in the field of spatial analysis and computational experiments.
The technique is also known as Wiener-Kolmogorov prediction, after Norbert Wiener and
Andrey Kolmogorov.

The variance-reduction method has been used to determine the optimal fit of data. The
main problem in the geostatistics method is the determination of the best semivariogram
model for use in variance estimation. The different semivariogram models, linear to
sill, spherical, Gaussian, linear, and exponential, were used and their performances are
compared in this study. Cross-validation technique is applied to compute the errors in the
semivariograms.

3. Results and Discussion
3.1. Soil Physicochemical Properties

Table 1 provides the values and basic statistics of the physicochemical attributes of the
soil samples.

Table 1. Physicochemical properties of the soil samples before and during the lockdown period
(mean values of the five years of study, n = 310).

pH EC (uS/cm) OM (%)* CaCOj3; (%)  Clay (%)

Minimum value 6.61 1125.78 0.28 9.69 2
Maximum value 8.90 6962.57 4.49 20.43 55
Mean value 7.51 3239.60 2.53 14.83 21
Relative Standard Deviation 0.44 13.20 0.88 1.61 7.35
Skewness Coefficient 0.698 0.751 —0.137 0.247 —0.010
Kurtosis Coefficient 1.421 —0.507 —0.681 —0.697 1.104

* OM: organic matter.

The soil pH values do not seem to change statistically significantly over time. In some
cases, a small increase was observed, which is probably due to the addition of materials
with high percentages of CaCOj3; or Ca (OH); [4]. During the last two years in the city
of Volos, many technical projects were carried out for the construction of roundabouts in
central streets [31]. The building materials used may have contributed both to the increase
in the concentrations of some heavy metals, and to the increase in pH and the electrical
conductivity of the soil samples [48]. In certain other cases, however, the pH values are
reduced and the soil samples tend to enter the acidic range [49]. The reduction in pH may
be due to the use of acidifying fertilizers during landscaping, such as in the case of samples
s11 and s14, which were collected in the public square in the center of the city. The electrical
conductivity values are in all cases relatively low. The values of pH and EC in samples s3,
s4, 526, and s40 present a slight increase through time, probably due to the vicinity of the
sea, as they are located along the coastal part of the city.

The percentage of organic matter (OM) did not change significantly over the years
of the present study. The high OM values found in samples in central and busy squares
or in flowerbeds near the main roads are probably due to green upgrading work by the
municipality’s services, as they supply them with manure or compost to increase soil
fertility and plant flowering [50]. The CaCOj3 percentages are fully related to the pH of
the soil samples [1]. A slight increase in the alkaline reaction of the soil is in most cases
accompanied by an increase in calcium carbonate content [4].
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3.2. Variation in Pseudo-Total Concentrations of Heavy Metals

Table 2 present the metal concentrations before and during the COVID-19 pandemic,
respectively. Cu, Zn, Pb, and Co concentrations increased during the period of the pandemic
by 10%, 22.7%, 3.7%, and 23.1%, respectively. Ni’s concentration remained almost constant,
while Cd, Cr, and Mn concentrations decreased by 21.6%, 22.2%, and 9.5%, respectively.
The average concentrations of the metals in the study, before and during the pandemic,
were below the EU-permitted concentrations [51]. If we confine attention to examining
the statistics of metal levels, it is difficult to draw results and conclusions regarding the
actual impact of the pandemic on urban soil pollution levels. For this reason, geostatistical
analysis tools were used [39].

Table 2. (a): Pseudo-total concentrations of heavy metals before the COVID-19 pandemic (mean
values for the four years of the study, n = 248). (b): Pseudo-total concentrations of heavy metals
elements during the COVID-19 pandemic.

(a) Cu Zn Pb Ni Cd Co Cr Mn
mg kg~!

Min Values 29.95 96.61 5.83 25.43 0.53 4.85 14.98 257.28
10th-perc @ 35.45 117.31 13.19 33.72 0.66 11.70 25.55 307.20
50th-perc b 53.25 137.31 41.97 63.90 0.89 22.61 56.78 711.01
Mean Values 55.08 144.32 36.39 67.36 0.88 23.37 48.42 666.78
90th-perc © 82.76 180.25 55.79 109.97 1.11 36.41 63.52 954.09
Max Values 89.93 227.39 58.48 118.02 1.27 39.32 68.37 971.93

EU Limits 4 140 300 300 75 3 - 200 -
BG (mg kgfl) € 24.57 64.35 29.69 22.92 0.49 9,62 23.84 540.13

(b) Cu n Pb Ni Cd Co Cr Mn
mg kg~

Min Values 30.00 97.70 8.00 26.55 0.12 6.00 15.33 251.00
10th-perc ? 43.51 132.10 18.91 36.00 0.39 15.05 21.67 307.10
50th-perc b 62.55 176.50 42.50 66.75 0.64 26.00 40.33 533.00
Mean Values 60.59 177.11 37.75 69.51 0.69 28.76 37.68 603.29
90th-perc © 79.00 229.10 53.90 89.97 0.97 42.27 48.67 898.90
Max Values 89.00 310.00 61.00 121.00 1.87 51.00 59.00 988.00

EU Limits 4 140 300 300 75 3 - 200 -
BG (mg kg_l) € 24.57 64.35 29.69 22.92 0.49 9,62 23.84 540.13

2 10th percentile, b 50th percentile, © 90th percentile; d for Cr: maximum allowable concentrations [1]. For Cd, Cu,
Ni, Pb, and Zn: 86/278/EEC Directive [51]; ¢ average of all reported background reference values in [1].

3.3. Thematic Maps of Heavy Metal Contamination Factors (CFs)

Figures 1 and 2 display the thematic maps constructed based on the contamination
factor (CF) value for each metal, before and during the pandemic, respectively. Additionally,
the descriptive statistics for the contamination factors (CFs) before and during the pandemic,
along with the geostatistical parameters used for the creation and validation of the contour
maps, are presented in Table 3.
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Figure 1. Thematic maps of heavy metals based on contamination factor (CF) values in Volos before
the COVID-19 pandemic (mean values for the four years of the study, n = 248).
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Figure 2. Thematic maps of heavy metals based on contamination factor (CF) values in Volos during

the COVID-19 pandemic.
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Table 3. (a) Descriptive statistics for the contamination factor (CF) before the COVID-19 pandemic—
heavy metals; geostatistical parameters, for the creation and validation of the contour maps. (b) De-
scriptive statistics for the contamination factor (CF) during the COVID-19 pandemic—heavy metals;
geostatistical parameters, for the creation and validation of the contour maps.

(a) CF Cu Zn Pb Ni Cd Co Cr Mn
Descriptive statistics
Mean Value 224 224 1.23 2.94 1.79 243 2.03 1.23
Standard 0.73 0.43 0.56 1.16 0.34 1.03 0.67 0.45
Deviation
Minimum Value 1.22 1.50 0.20 1.11 1.14 0.50 0.63 0.48
Maximum Value 3.66 3.53 1.97 5.11 2.59 4.09 2.87 1.80
Skewness 0.373 1.090 —0.448 0.300 0.243 —0.086 ~0.565 ~0.334
Coefficient
Kurtosis ~1.117 1.394 ~1.195 —0.872 ~0.272 ~1.087 ~1.205 ~1.375
Coefficient
Geostatistical parameters
Linear to . . . . . . .
Model sill Spherical Gaussian Linear Gaussian Linear Gaussian Gaussian
Nugget 0.215 0.006 0 0.308 0.053 0.337 0 0
Range 1364 338 425 991 560 968 396 429
Sill 0.740 0.115 0.343 1.552 0.122 1.193 0.472 0.233
Nugget sill ratio 0.062 0.003 0.040 1.218 0.002 0.561 0.086 0.051
R? 0.76 0.64 0.58 0.78 0.76 0.79 0.53 0.51
(b) CF Cu Zn Pb Ni Cd Co Cr Mn
Descriptive statistics
Mean Value 2.46 2.75 1.27 2.94 1.41 2.99 1.58 1.12
Standard 0.61 0.61 0.50 1.03 0.66 117 0.50 0.42
Deviation
Minimum Value 1.22 1.52 0.27 1.16 0.24 0.62 0.64 0.46
Maximum Value 3.62 4.82 2.05 528 3.82 5.30 2.47 1.83
Skewness 0.074 0.593 ~0.504 0.200 1.426 0.042 ~0.009 0.123
Coefficient
Kurtosis ~1.308 0.933 ~1.074 —0518 2.859 ~1.258 —0.031 ~1.29
Coefficient
Geostatistical parameters
Model Llnsei?lr to Exponential ~ Gaussian Linear I;(l)nsei?lr Linear Gaussian Gaussian
Nugget 0.029 0.055 0 0.348 0.235 0.670 0 0
Range 1364 1020 383 981 1464 935 431 354
Sill 0.473 0.357 0.277 1.164 0.293 1.45 0.269 0.193
Nugget sill ratio 0.033 0.021 0.062 0.846 0.023 0.814 0.026 0.031
R? 0.56 0.76 0.52 0.69 0.55 0.70 0.57 0.50

By examining the maps before and during the COVID-19 pandemic, a grouping of
metals can be seen as there is a similar trend in the change in metal levels. In the case of
Cu, Zn, Pb, and Co, a strong shift in the contaminant load was observed from the triangle
surrounded by the port, railway station, and bus station to the residential area [39]. The
period of the quarantine left indelible effects on the city of Volos, as it significantly altered
metal pollution. In particular, a significant reduction in metal pollutants was observed
in the soil samples located on both sides of the high traffic avenues, owing to the ban on
vehicle traffic [35]. Probably, for the same reason, the concentration of heavy metals in the
area bounded by the urban and intercity bus station, the railway station, and the passenger
and commercial port was reduced or at least maintained constant. The short-time traffic
of wheeled vehicles, minimal to no traffic of taxi drivers (owing to the ban on intercounty
population movement) resulted in a moderation of the values for the respective pollution
indicators for all heavy metals, while in the period before the peak, there was a continuously
upward trend. High metal values were observed in the densely populated areas of the city,
where, owing to the long hours of presence of residents in their homes, heaters or fireplaces
were operated in order to warm the occupants, cook, and have hot water for their personal
needs [32,37].
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In the case of Cd and Mn, an overall decrease in pollution indicators was observed,
mainly in areas where there is traffic of wheeled vehicles and means of transport, but also
in the residential area. It is well known that metals cannot be degraded because of their
long half-life. The fact that there is no increase is an indication that the amount of metals
accumulated in previous years remains stable. So, the period of the quarantine, when
citizens tried again to restore normality in their daily lives, maintained low rates of travel
and activity, limiting in some cases the concentrations of metals in the soil when the source
is exhausting gases discharged into the air from wheeled vehicles [38].

The decrease in Cr concentrations on the west side of the city may be due to closure
of industries during the lockdown period. However, the possible sources of Cr include
household waste, dyes, paints, ceramics, and pottery [52]. Probably for this reason, its
concentration near the residences in the eastern area of the city remained almost constant.

The possible sources of Pb in soil are old plumbing, batteries, pipes, and paints
at landfill sites. In addition, human and animal excrement can add Pb to the soil; in
the case of agricultural soils, contamination occurs with phosphate fertilizers [53]. The
results suggest that heavy metal contamination in soil samples is mainly associated with
industrial effluents, sewage, sludge, and dumping of municipal wastes. That is, lead
levels showed a small increase, lower than the other elements of the study. Although the
COVID-19 pandemic has improved soil quality, probably also contributing to this effect
was the shutdown of small and large-scale industries during the lockdown period in the
west side of the city adjacent to the industrial area, which is located in the suburbs of the
city of Volos. As the operation of small workshops, car, bicycle, motorcycle, and moped
repair shops was limited during the pandemic period, this resulted in a reduction in the
circulation of wheeled vehicles carrying the metal materials used for the repair needs.

Ni maintained its concentration almost unchanged during the years of the study. As
we have seen in previous studies, the possible origin of Ni is geochemical [31,39]. The
influence of anthropogenic activities on Ni pollution levels during the COVID-19 pandemic
is almost negligible.

3.4. Contamination Factor (CF), Geo-Accumulation Index (Ige,), Ecological Risk Factor (E,),
Pollution Load Index (PLI), and Potential Ecological Risk Index (RI)

The use of indicators of soil contamination, geochemical accumulation, and ecological
balance risk is common in recent years, as they provide an overall view and assessment
of the impact of soil metal contaminants in the study area. Table 3 presents, as noted
previously, the values of the CF indicators, while Table 4 presents the trends and statistics
for all the other indicators before and during the pandemic.

The values for the CF index calculated based on the mean values of the total concen-
trations for Cu, Zn, Pb, and Co increased during the pandemic by 9.8%, 22.7%, 3.3%, and
23.1%, respectively. The upward or downward trend in the value for Ige, was maintained
similar to CF. An impressive decrease occurred in the value of Cd by 204%, Cr by 103%,
and Mn by 35%, possibly indicating a common origin [15]. The increase in Ige, for Cu,
Zn, and Co was 34%, 50%, and 64.1%, respectively. The smallest increase in the Ige, value
was Pb at 23%, which is encouraging, as problems to humans are caused by prolonged
exposure to high levels of Pb [22]. The human health risks associated with high levels
of heavy metals are well known and therefore monitoring their levels is important [26].
In [29], the researchers refer to the adverse effects on the environment and on human health
of proximity to busy roads due to heavy metals.

The values for the ecological risk index (E;) revealed notable results. There was a
small increase in E; values for Cu, Zn, and Pb during the pandemic by 9.7%, 22.8%, and
3.8%, respectively. The E; value for Mn decreased by 8.9% and Cd had a smaller decrease
compared to the other indicators in the study, as it was only 21.4%. Therefore, this toxic
element showed a slight decrease during the pandemic in terms of its ecological footprint.
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Table 4. (a) Geo-accumulation index (Igeo), ecological risk factor (Ey), potential ecological risk index
(RI), and pollution load index (PLI) for the heavy metals before the COVID-19 pandemic. (b) Geo-
accumulation index (Igeo), ecological risk factor (E;), potential ecological risk index (RI), and pollution
load index (PLI) for the heavy metals during the COVID-19 pandemic.

(a) Cu Zn Pb Ni Cd Co Cr Mn
Cont: inati
onlg?ilcré: ion Lgeo E, Lgeo E, Lgeo E, Tgeo E. Tgeo E. Leo Lo E: Lgeo E. PLI RI
Mean Values 050 1121 056 224 —052 613 085 1468 023 5382 053 034 406 —040 123 190 9337
Median Value 053 1084 052 214 —009 7.07 089 1394 027 5426 065 067 476 —019 132 190  89.07
M\l/r;‘lﬁ‘e‘;m —030 609 000 150 —293 098 —044 555 —039 3429 —157 -126 126 —165 048 084 57.82
M@Zi’;‘gm 129 1830 124 353 039 985 177 2553 079 7776 145 094 574 026 180 295  140.08
Standard 047 363 026 043 092 281 062 581 028 1021 077 057 133 063 045 060 19.66
Deviation
(b) Cu Zn Pb Ni Cd Co Cr Mn
Cont: inati
Mndices Lo B L B ke B Le B Lw B ke I E, Leo E. PLI R
Mean Values 067 1230 084 275 —040 636 087 1468 —024 4230 087 —001 316 —054 112 186 8267
Median Value 076 1273 087 274 —007 716 096 1456 —020 39.18 085 017 338 —060 099 18  79.06
M\ll?lg‘e‘;m —030 611 002 152 —248 135 —037 579 -261 735 —127 -122 129 —169 046 093 3577
M\"‘,:iume‘;m 127 1811 168 48 045 1027 182 2640 135 11449 182 072 495 029 183 279 16687
Star}d"‘.rd 037 304 032 061 076 251 055 516 067 1975 065 052 099 059 042 049 2316
eviation

The PLI and RI indices can be considered to provide an overall view of soil pollution
and ecological risk, respectively [5,28]. The PLI was calculated based on equation [2] in
Section 2.3.2. Both before and during the pandemic, there was no variation in the maximum
value, as the maximum class to assign the soil samples was Class IV, the number of soil
samples per class changed. Thus, the pandemic caused a 60% decrease of samples in Class II
and a 3.33% and 7.4% increase of samples in Class Il and IV, respectively. Therefore, although
there was apparently no change in the contamination classes, numerous soil samples were
redistributed, as additional soil samples were moved to a higher contamination class.

Before and during the pandemic, the potential ecological risk index (RI) values for the
soil samples were all less than 150, indicating that all samples belong to class I. To make the
outcome of the study of heavy metals in the environment more comprehensible, class I was
divided into three subclasses (0-50, 50-100, 100-150). Soil samples showed a 100% change
in subclass I, 29.3% in subclass II, and 61.9% in subclass III. Therefore, although there was
no change in ecological risk class, a larger number of soil samples during the pandemic
increased the ecological footprint risk [19,46].

The increased values of the indices, and the fact that in many cases some areas have
changed their risk category, are probably the result of the deposition of gases from burning
heating sources in the residential area within the study area [32,38]. The quarantine and
the long hours spent by residents in their homes, combined with the tele-education that
was imposed, increased the levels of heavy metals in the residential area [33].

The decrease in the concentrations of Cd, Cr, and Mn together with the decrease in the
corresponding pollution and geochemical accumulation indices suggest that vehicle traffic
and industrial activity are probably the most important sources of pollution [21]. Therefore,
taking into account this variation in concentrations, which was highlighted during the
pandemic, it is possible, with appropriate regulations, to control heavy metal pollution of
soils and, above all, to reduce the risks to human health [15,54].

4. Conclusions

A five-year study (2018-2022) was carried out in the city center of Volos, where an
assessment of the levels of urban soil pollution by heavy metals was achieved. The period
of the quarantine left indelible effects on the city of Volos, as it significantly altered heavy
metal pollution. There were heavy metals that increased their concentrations during the
period of the pandemic: Co > Zn > Cu > Pb, the greatest increase was observed in Co.
The concentration of Ni remained almost constant, while Cr > Cd > Mn concentrations
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were decreased. A significant reduction in metal pollutants was observed in the soil
samples located on both sides of the high traffic avenues, owing to the ban on vehicle traffic.
Probably, for the same reason, the concentration of heavy metals in the area bounded by
the urban and intercity bus station, the railway station, and the passenger and commercial
port was reduced or at least maintained constant. The short-time traffic of wheeled vehicles
and minimal to no traffic of taxi drivers (owing to the ban on intercounty population
movement) resulted in a moderation of the values for the respective pollution indicators
for all heavy metals, while in the period before the peak, there was a continuously upward
trend. High metal values were observed in the densely populated areas of the city, where,
owing to the long hours of presence of residents in their homes, heaters or fireplaces were
operated in order to warm the occupants, cook, and have hot water for their personal needs.
Clearly, the changes in metal concentrations during the lockdown generally showed the
sources of pollution in the urban area. Through appropriate management, it is possible for
decision-makers to take action to reduce pollution and the risks to human health.

The current research has to be sustained in the coming years in order to lead to a more
comprehensive insight into the possible sources and triggers of heavy metal pollution. It
would be beneficial if the survey were to be carried out twice a year in order to capture the
seasonal variation in concentrations and to investigate whether and how climatic conditions
are influencing the pollution in the study area.
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