
 

 

 

 

 

 

  

Available online at www.HighTechJournal.org  

HighTech and Innovation  
Journal 

Vol. 3, Special Issue, 2022 

 

 

43 

 

ISSN: 2723-9535 
“Grand Challenges Initiative: Sustainability and Development" 

 

Soil Quality Evaluation in Urban Ecosystems during the Covid-19 

Pandemic 

Nataliia Mironova 1 , Olha Yefremova 1 , Halyna Biletska 1 , Ihor Bloshchynskyi 2* , 

Ihor Koshelnyk 2, Serhii Sych 2, Maksym Filippov 2, Serhii Sinkevych 2, Vasyl Kravchuk 2 

1 Department of Ecology and Biological Education, Faculty of Humanities and Education, Khmelnytskyi National University, 

Khmelnytskyi, Ukraine. 

2 Bohdan Khmelnytskyi National Academy of the State Border Guard Service of Ukraine, Ukraine. 

Received 03 February 2022; Revised 28 April 2022; Accepted 14 May 2022; Published 31 May 2022 

Abstract 

The article considers the changes in some agrochemical parameters and the content of plumbum in the soil cover of a 

medium-sized urban ecosystem after the introduction of quarantine measures in connection with the Covid-19 pandemic. 

It has been determined that the blocking of anthropogenic activity did not affect the content of humus. There were changes 

in soil pH, which led to the transition from an alkaline reaction to a neutral one. The amount of fertilizer elements (NPK) 

in the soil in the post-quarantine period has been increased. The content of the mobile (active) form of plumbum within 

the city has been halved on average. In general, the impact of quarantine from Covid-19 on the condition of the soil cover 

as well as on air and surface water can be preliminary considered as positive. 
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1. Introduction 

An outbreak of a new infectious disease of the coronavirus family, called Covid-19, was detected in Wuhan (China) 

in late December 2019. In January 2020, the WHO (World Health Organization) confirmed the droplet spread of 

infection and on January 30 declared a state of emergency throughout the entire world. Outbreaks took place in Iran, 

Italy, and other countries in February, and on March 11, the WHO described the global Covid-19 outbreak as a pandemic. 

As of August 8, 2020, the total number of Covid-19 cases in the world was 19.4 million people [1]. In Ukraine, the 

disease was first confirmed on March 3, 2020; as of August 8, 2020, the total number of Covid-19 cases according to 

the Ministry of Health (MOH) in Ukraine is 79751 [2]. Khmelnytskyi oblast with Khmelnytskyi city regional centre is 

located in the western part of Ukraine and currently ranks 15th in terms of morbidity, although it directly borders on 

oblasts with a high degree of infection of residents (Chernivtsi, Rivne, and Ternopil oblasts). 

In order to reduce the spread of Covid-19, the governments of many countries have closed places with large 

concentrations of people, such as public transport, educational and catering establishments, enterprises, business and 

shopping centres, parks, etc. Quarantine was introduced on March 11, 2020 in Ukraine. The application of such strict 

quarantine measures has not only affected economic activity and the social sphere but has also contributed to the 

unexpected effects of environmental changes. 
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2. Literature Review  

Currently, studies of Covid-19 and the state of the environment are conducted in two directions, the first involving 

the study of the impact of environmental factors (primarily such as temperature, humidity and air pollution, etc.) upon 

the survival and spread of coronavirus and these factors interrelation with morbidity [3-5]. The second direction is the 

study of unprecedented changes in the state of the environment because of quarantine. In the latter case, both positive 

and negative consequences of the impact of social isolation upon the environment are stated. 

The greatest positive impact in the countries of the Eurasian continent and the United States is determined for 

atmospheric air due to the reduction of its pollution by combustion products because of traffic (road, air) cessation, as 

well as a sharp decline in the work of industrial enterprises [6-9]. According to NASA (National Aeronautics and Space 

Administration, USA), pollution in some epicentres of Covid-19, such as Wuhan, Italy, Spain, USA, in terms of NO2 

and CO2 content etc. decreased by 30% [10-12]. At the same time, as a negative consequence for the air is the increase 

in the concentration of dust particles because of the increased use of wood for heating and cooking in the conditions of 

social isolation [3]. 

The Covid-19 pandemic and related quarantine measures have also had a positive impact upon surface water quality, 

as reduced water traffic and the use of water bodies for tourism have significantly increased water transparency and 

reduced its pollution by primarily suspended substances [13, 14]. 

At the same time, there are no data on changes in the quality of soil cover. Researchers suggest that the quality of 

land resources will deteriorate due to the need to bury large amounts of organic waste generated in the fast food industry 

in the result of these facilities closure. There are also fears that an increase in the amount of disposable medicines will 

lead to the accumulation of medical waste, which is characterized by a low degree of decomposition, and will cause 

them to enter the soil, especially in countries with low waste management culture [3]. 

Although soil is known to be one of the most stable components of the natural environment compared to air and 

water, in our opinion, an unprecedented lockdown could potentially cause changes in its characteristics (especially 

among the indicators that are more labile as to the influence of anthropogenic factors). 

Considering the problems of soil change due to the Covid-19 pandemic, in our opinion, we should pay attention to 

urban soils as an important component of urban ecosystems functioning, since urban soils are a leading factor in the 

formation of green areas of cities. The Covid-19 pandemic has made it possible to understand the importance of the 

latter, as parks, squares and other public greenery, when visited while maintaining social distance, mitigate a person’s 

reaction to a changed form of civic activity and various forms of isolation. Living in homes without available nearby 

trees, grass and other natural attributes tends to increase problems compared to those living in greener areas. Such 

findings apply to the current situation where the final endpoint of pandemic stress does not exist [15]. 

Studies of transformational processes of natural soils in urban areas in general have been conducted by many 

scientists [16-25]. Given the fact that urban soils play an important role in accepting air pollution from emissions from 

vehicles and industrial enterprises, as well as the fact that in the context of the Covid-19 pandemic there were changes 

in these anthropogenic factors, quantitative changes in agro-ecological indicators of soils of the territories under 

quarantine are possible. 

Due to the fact that quarantine restrictions have been introduced throughout Ukraine to the same extent since March 

2020, regardless of the level of morbidity, the reduction of the anthropogenic factor, and consequently the potential 

changes in soil properties, occurred symmetrically. From this point of view, it is of scientific interest to study urban soils 

of medium-scale urban ecosystems, which are the most numerous in Ukraine. Such urban ecosystems include the city 

of Khmelnytskyi i.e. the administrative centre of Khmelnytskyi oblast. The city covers an area of 86 km2; its population 

is about 270 thousand people. It is an industrial, commercial and cultural centre of Podillia, located on the banks of the 

Southern Bug River, which flows into the Black Sea. 

The city is typical among the oblast centres of western and central Ukraine in terms of socio-economic indicators. The 

largest share in the structure of industrial production of the city is occupied by the machine-building and food industries, as 

well as construction. In general, industry-related factors of the urban ecosystem of the city of Khmelnytskyi are formed due to 

industrial enterprises, transport and community facilities influence upon the environment. 

The natural soils of the city of Khmelnytskyi were formed mainly on carbonate forest deposits, the most common are 

forest-steppe podzolic soils, which combine light gray forest, gray forest and dark gray podzolic soils. The expansion of the 

city leads to a steady reduction in the area of land with natural soils due to their transformation into urban lands. Today, more 

than half of the territory of Khmelnytskyi is occupied by anthropogenic sediments (embankments, including soils of bulk 

structures, artificial road surfaces, mineral dumps, planar cultural layer, sediments of artificial reservoirs). 
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Today, a powerful factor influencing the geochemical background of soils of the urban ecosystem of the city of 

Khmelnytskyi is the emissions of industrial enterprises and vehicles. 

3. The Purpose and Objectives of the Research 

The purpose of the research is to assess the condition of the soils of the city of Khmelnytskyi in terms of agrochemical 

parameters (acidity, content of humus and food elements) and in terms of the content of plumbum. To achieve the purpose, 9 

trial areas were laid from which soil samples were taken in August 2019 and June 2020. Trial areas were laid out on the 

territory of the city in such a way that they included different types of anthropogenic impact, typical for medium-scale urban 

ecosystems to obtain adequate average values (see Figure 1): manufacturing areas (trial area 1 - automatic molding machines 

production plant; trial area 2 - packaging polymer products production plant; recreational areas (trial area 3 - city park, trial 

area 4 - arboretum); floodplainі (trial area 5 - floodplain of the river Ploska, which flows into the river Southern Buh within 

the city, trial area 6 - water protection zone of the lake, located on one of the nameless tributaries of the Southern Bug river); 

transport highways (trial area 7 - the main highway of the South-Western part of the city, trial area 8 - the highway of the 

central part of the city, trial area 9 - the main highway of the South-Eastern part of the city). 

 

Figure 1. Sketch map of trial areas for soil sampling 

Sampling and determination of agrochemical parameters of soils and the content of plumbum were carried out in 

accordance with regulatory and technical documents of Ukraine (DSTU) and ISO. 

4. Results and Discussion 

4.1. Changes in Agrochemical Parameters 

The ability of the soil to create conditions for plant development is determined by an integrated indicator called fertility, 

and includes, first of all, agrochemical indicators, which include soil acidity, content of humus and nutritious matters. Soil 



HighTech and Innovation Journal         Vol. 3, Special Issue, 2022 

46 

 

acidity (or alkalinity) is an important factor that has a significant impact on plant growth and development, as well as 

microbiological, chemical and biological soil processes. It largely influences the assimilation of soil nutrients and fertilizers 

by plants, mineralization of organic matter, fertilizer efficiency, yield and its quality. Soil acidity also affects the availability 

of chemical elements to plants. The determined indicators of soil acidity before and after the introduction of quarantine are 

shown in Table 1.  

Table 1. Soil pH and hydrolytic acidity 

Trial area 

number 

Before quarantine After the introduction of restrictive measures 

рН (CSI), device unit рН (CSI), device unit 
hydrolytic acidity, 

 mg-eq /100 g 

1 7.53 6.86 0.56 

2 7.78 6.91 0.53 

3 7.35 6.32 0.96 

4 3.83 3.84 1.31 

5 7.56 6.87 0.61 

6 7.58 6.88 0.59 

7 7.60 7.19 0.64 

8 7.85 6.84 0.85 

9 7.92 7.02 0.68 

The main feature of the soil is the presence of a specific group of organic substances in it such as humic compounds, which 

are formed during the decomposition and humification of organic residues. The content of humus in urban soils varies 

depending on its amount in the original natural soil, as well as the use of mineral and organic fertilizers, the introduction of 

organic waste, and so on. The obtained data on the average humus content in the soil cover of the city of Khmelnytskyi are: 

before quarantine -3.96%, after quarantine -3.90%. Together with the humus content, the integrated soil fertility index is 

supplemented by data on the content of fertilizer elements (NPK). The changes in these indicators are shown in Figures 2 to 

4, they are quite significant compared to the content of humus. 

 

Figure 2. The content of alkaline hydrolysed nitrogen (N) 
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Figure 3. The content of phosphorus (Р2О5) 

 

Figure 4. The content of potassium (К2О)  

4.2. Changes in Soil Contamination with Plumbum 

The content of heavy metals is an important criterion that characterizes the anthropogenic impact on soils. The 

presence of one or another element of this group depends on the peculiarities of the development of the industrial 

complex of the urban ecosystem. But along with this, there are metals that are universal satellites of the urban habitat. 

Such elements include plumbum, the content of mobile form of which in the urban soils of the city of Khmelnytskyi is 

shown in Table 2. 

Table 2. The content of mobile and total forms of plumbum (Pb) in Khmelnytskyi soils, mg/kg 

Trial area number 1 2 3 4 5 6 7 8 9 The average value within the city 

The content of mobile form before quarantine 8.0 12.8 4.8 5.0 3.1 3.2 9.4 4.8 9.6 6.7 

The content of mobile form after quarantine 3.0 9.5 1.9 2.6 3.0 1.7 8.0 2.32 1.22 3.7 
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The typical pH values of soil reaction equal 3.5-6.3 for natural soils of the territory where the city of Khmelnytskyi is 

located. According to the quarantined data, alkaline soils predominate in the city (Table 1). The trial area 4 is the exception, 

which is a large forestland (arboretum), where the soil has an acid reaction close to natural values. This indicates the slightest 

changes in this edaphotope under the influence of urban and technogenesis. This is also facilitated by the spread of forest 

vegetation typical of the forest-steppe zone in this area, while in other areas the urban flora, which differs from the natural one, 

predominates. Quarantine restrictions did not affect this indicator in the arboretum, but in other trial areas and in the city as a 

whole pH decreased by about 10%, which can be considered a positive factor because there was a shift in bearing power of 

soil from alkaline to neutral. Additionally, the determined indicators of hydrolytic acidity within the trial areas after quarantine 

are small, which indicates the absence of active acidification processes. 

As a rule, the content of organic matter in urban soils is higher than in underlying soils. The content of humus reaches 

values up to 12%, and on average from 4% to 6% within all ancient urban soils, especially in the soils of parks, squares, 

gardens. Sometimes "old bulk" soils acquire the character of black earth soil [26]. The quantified average content of humus 

within the city before the quarantine (3.96%) is higher than in the natural soils of this area (2-3%). The highest values are 

determined within recreational and floodplain areas, which is due to measures to improve plant growth in these areas of the 

city. The formation of humus is also facilitated by the constant natural transformation of plant residues and the minimal impact 

of industrial enterprises and transport. The lowest values, which correspond to the natural underlying soils indicators, were 

recorded in the trial areas located in the industrial zone. The introduction of strict restrictions had little effect on the content of 

humus (3.90%), which is quite predictable, as deeper changes in this component of the soil due to the complexity and duration 

of the humus formation process may occur later in response to changes in more labile parameters. 

The content of nutrients such as nitrogen, phosphorus, potassium is important for the provision of soil ecosystem services. 

The predominant amount of nitrogen enters the soil due to the decomposition of plant and animal remains. According to the 

literature, the content of total nitrogen in soils is 0.03-0.50% [27, 28]. The alkaline hydrolysed nitrogen content is used to 

characterize the availability of this chemical element and its availability to plants, which is closely correlated with the content 

of humus, total nitrogen content and nitrification ability [27]. According to the obtained data (Figure 2), the soil cover of the 

city of Khmelnytskyi is characterized by a low content of alkaline hydrolysed nitrogen (128.1 mg/kg). 

As it has already been mentioned, after the introduction of quarantine the content of nutrients, including alkaline hydrolysed 

nitrogen, has significantly changed, namely the average content has increased by almost 25%. It is noteworthy that the largest 

changes occurred in areas where the nitrogen content was the lowest due to significant anthropogenic impact (trial areas of 

industrial zones, highways), and in areas with relatively less impact, the increase in concentrations was small. It is obvious that 

in areas with a strong influence of transport and industry, the conditions for the accumulation of nitrogen, primarily due to the 

activity of microorganisms, are unfavourable. Therefore, reducing the impact of these anthropogenic factors has ensured the 

creation of conditions that are similar to those common in recreational areas and water protection zones. We can predict the 

factors whose intensity decreased due to quarantine: a decrease in soil compaction and, in turn, an increase in air permeability, 

as well as a shift in soil pH towards a neutral value, which probably created more favourable conditions for microorganisms 

that convert nitrogen compounds. To confirm this assumption, studies of soil microflora are needed.  

Phosphorus in the soil occurs in two forms – mineral and organic. A significant proportion of soil phosphorus is in 

hard-to-reach forms, which become available to plants due to the action of root secretions and microorganisms. The 

increase in phosphorus content in the soil after quarantine restrictions is 30% on average (Figure 3). There is the same 

trend as for nitrogen, i.e., the largest increase in concentration is characteristic of areas with strong anthropogenic impact. 

The reasons are likely to be the same. At the same time, in areas with less anthropogenic impact, a symmetrical decrease 

in the concentration of phosphorus is observed, despite the fact that its content before quarantine was one of the largest 

in these areas. 

Potassium is the third most important nutrient for plants after nitrogen and phosphorus. Water-soluble and directly 

exchangeable potassium is well absorbed by plants and is considered a mobile form of potassium [28]. Some scientists 

note a high supply of urban soils and weakly disturbed soils with potassium, where its content can be about 40 mg/100 

g of soil and more [26]. The average content of mobile forms of potassium in the urban soils of Khmelnytskyi (Figure 

4) is high (242 mg/kg), and after quarantine, similar to nitrogen, it has increased in all areas and reached an average of 

415 mg/kg. The largest growth is characteristic of areas with significant influence from transport and industry. Thus, in 

contrast to nitrogen, the supply of phosphorus and potassium to the soil cover of the city of Khmelnytskyi is high, and 

after quarantine it may increase hypothetically due to changes in the course of microbiological processes. 

The proposed data on agrochemical indicators and assumptions about their changes are not final and require 

additional studies of the mechanisms that are the driving force of such changes, but already prove the positive impact of 

social constraints upon the agrochemical status of urban soils. Plumbum does not belong to the group of physiologically 

necessary elements, but it is the most common heavy metal in the soils of urban ecosystems, primarily due to transport 

emissions. The highest content of active plumbum in the pre-quarantine period was determined in the industrial zone 

and in areas near highways (Table 2), and the lowest in the samples of trial areas of recreational areas and water 

protection zones. 
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The content of plumbum is near industrial enterprises, 1.6–6.4 times higher than its concentration in recreational 

areas. Given that the maximum allowable concentration (MAC) for mobile forms of plumbum in Ukraine is 6 mg/kg, 

most of the city (industrial zone, highways) is characterized by exceeding the MAC (by 1.3-2.1 times).  

The content of total form in soils during the quarantine period was not determined, as it is obvious that such changes 

are long-lasting. The determination of the content of mobile form of plumbum in the soil after the introduction of 

restrictive measures showed an almost twice-average decrease in its concentration within the city, which proves an 

indirect positive effect of quarantine due to Covid-19 for urban ecosystems in general and for urban soils in particular. 

5. Conclusions 

The Covid-19 pandemic has changed people's lifestyles and negatively affected all spheres of human society. At the 

same time, its positive environmental impact due to the introduction of economic and social restrictions was unexpected, 

as the state of air and surface waters has significantly improved due to strict quarantine and blocking of industry, 

transport, tourism and other industries. In our opinion, these changes should have affected the soil cover of urban 

ecosystems at different levels. Our studies of changes in soil indicators in the urban ecosystem of the city of 

Khmelnytskyi made it possible to draw the following preliminary conclusions: 

 Because of the quarantine, the pH of the soil changed by 10%, and the reaction went from being alkaline to being 

neutral; 

 The content of humus has not changed and is about 4%, which is estimated as average; 

 The soil cover of the city of Khmelnytskyi is characterized by a low content of alkaline hydrolysed nitrogen and 

a high content of phosphorus and potassium. Nutrient matters (NPK) in the post-quarantine period increased 

quantitatively; nitrogen increased by 25%, phosphorus by 30%, and potassium almost doubled. The largest growth 

was observed within the trial areas located in the industrial zone and on highways, which may be due to changes 

in soil structure. Changes in these parameters can also be influenced by a decrease in soil pH, as this indicator 

determines the conditions of soil reactions, affecting the solubility and ionization of compounds, which, in turn, 

changes the enzymatic activity of biota; 

 The content of mobile lead determined in the pre-quarantine period in the territory near industrial enterprises is 

the highest and exceeds its concentration in recreational areas by 1.6-6.4 times. In the area near industrial 

enterprises, the content of the mobile form of plumbum is also the highest and 1.6-6.4 times higher than its 

concentration in recreational areas. The determination of the content of the mobile form of plumbum in the soil 

after the introduction of restrictive measures showed an almost twice-average decrease in its concentration within 

the city, which proves an indirect positive effect for urban soils from the introduction of quarantine due to Covid-

19; 

 Changes in soil cover indicators of medium-sized urban ecosystems require further long-term monitoring and in-

depth study of certain parameters. 

6. Declarations  

6.1. Author Contributions 

Conceptualization, H.B. and N.M.; methodology, O.Y.; software, I.B.; validation, S.S., M.F. and Se.S.; formal 

analysis, I.K.; investigation, O.Y.; resources, V.K..; data curation, H.B.; writing—original draft preparation, N.M.; 

writing—review and editing, I.B.; visualization, M.F. and Se.S.; supervision, S.S. and I.K.; project administration, 

Va.K., and N.M. All authors have read and agreed to the published version of the manuscript. 

6.2. Data Availability Statement 

The data presented in this study are available in the article. 

6.3. Funding 

The authors received no financial support for the research, authorship, and/or publication of this article. 

6.4. Declaration of Competing Interest 

The authors declare that they have no known competing financial interests or personal relationships that could have 

appeared to influence the work reported in this paper. 



HighTech and Innovation Journal         Vol. 3, Special Issue, 2022 

50 

 

7. References  

[1] European Centre for Disease Prevention and Control. (2020). COVID-19 situation update worldwide, as of 8 August 2020. 

Available online: https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases (accessed on April 2022). 

[2] Public Health Center of the Ministry of Health of Ukraine (2022). Coronavirus Infection COVID-19: Operational information. 

Available online: https://phc.org.ua/kontrol-zakhvoryuvan/inshi-infekciyni-zakhvoryuvannya/koronavirusna-infekciya-covid-19 

[In Ukrainian] (accessed on April 2022). 

[3] Zhu, Y., Xie, J., Huang, F., & Cao, L. (2020). Association between short-term exposure to air pollution and COVID-19 infection: 

Evidence from China. Science of the Total Environment, 727, 138704. doi:10.1016/j.scitotenv.2020.138704. 

[4] Espejo, W., Celis, J. E., Chiang, G., & Bahamonde, P. (2020). Environment and COVID-19: Pollutants, impacts, dissemination, 

management and recommendations for facing future epidemic threats. Science of the Total Environment, 747, 141314. 

doi:10.1016/j.scitotenv.2020.141314. 

[5] Shakil, M. H., Munim, Z. H., Tasnia, M., & Sarowar, S. (2020). COVID-19 and the environment: A critical review and research 

agenda. Science of the Total Environment, 745, 141022. doi:10.1016/j.scitotenv.2020.141022. 

[6] Bilal, Bashir, M. F., Benghoul, M., Numan, U., Shakoor, A., Komal, B.,… Tan, D. (2020). Environmental pollution and COVID-

19 outbreak: insights from Germany. Air Quality, Atmosphere & Health, 13(11), 1385–1394. doi:10.1007/s11869-020-00893-9. 

[7] Li, L., Li, Q., Huang, L., Wang, Q., Zhu, A., Xu, J., … Chan, A. (2020). Air quality changes during the COVID-19 lockdown 

over the Yangtze River Delta Region: An insight into the impact of human activity pattern changes on air pollution variation. 

Science of the Total Environment, 732, 139282. doi:10.1016/j.scitotenv.2020.139282. 

[8] Collivignarelli, M. C., Abbà, A., Bertanza, G., Pedrazzani, R., Ricciardi, P., & Carnevale Miino, M. (2020). Lockdown for 

CoViD-2019 in Milan: What are the effects on air quality? Science of the Total Environment, 732. 

doi:10.1016/j.scitotenv.2020.139280. 

[9] Paital, B. (2020). Nurture to nature via COVID-19, a self-regenerating environmental strategy of environment in global context. 

The Science of the Total Environment, 729, 139088. doi:10.1016/j.scitotenv.2020.139088. 

[10] Muhammad, S., Long, X., & Salman, M. (2020). COVID-19 pandemic and environmental pollution: A blessing in disguise? 

Science of the Total Environment, 728, 138820. doi:10.1016/j.scitotenv.2020.138820. 

[11] Bontempi, E., Vergalli, S., & Squazzoni, F. (2020). Understanding COVID-19 diffusion requires an interdisciplinary, multi-

dimensional approach. Environmental Research, 188, 109814. doi:10.1016/j.envres.2020.109814. 

[12] Bashir, M. F., Ma, B., & Shahzad, L. (2020). A brief review of socio-economic and environmental impact of Covid-19. Air 

Quality, Atmosphere and Health, 13(12), 1403–1409. doi:10.1007/s11869-020-00894-8. 

[13] Braga, F., Scarpa, G. M., Brando, V. E., Manfè, G., & Zaggia, L. (2020). COVID-19 lockdown measures reveal human impact 

on water transparency in the Venice Lagoon. Science of the Total Environment, 736. doi:10.1016/j.scitotenv.2020.139612. 

[14] Garg, V., Aggarwal, S. P., & Chauhan, P. (2020). Changes in turbidity along Ganga River using Sentinel-2 satellite data during 

lockdown associated with COVID-19. Geomatics, Natural Hazards and Risk, 11(1), 1175–1195. 

doi:10.1080/19475705.2020.1782482. 

[15] McCunn, L. J. (2020). The importance of nature to city living during the COVID-19 pandemic: Considerations and goals from 

environmental psychology. Cities & Health, 1–4. doi:10.1080/23748834.2020.1795385. 

[16] Cui, N., Feng, C. C., Han, R., & Guo, L. (2019). Impact of urbanization on ecosystem health: A case study in Zhuhai, China. 

International Journal of Environmental Research and Public Health, 16(23), 4717. doi:10.3390/ijerph16234717. 

[17] Li, G., Sun, G. X., Ren, Y., Luo, X. S., & Zhu, Y. G. (2018). Urban soil and human health: a review. European Journal of Soil 

Science, 69(1), 196–215. doi:10.1111/ejss.12518. 

[18] Beroigui, M., Naylo, A., Walczak, M., Hafidi, M., Charzyński, P., Świtoniak, M., Różański, S., & Boularbah, A. (2020). 

Physicochemical and microbial properties of urban park soils of the cities of Marrakech, Morocco and Toruń, Poland: Human 

health risk assessment of fecal coliforms and trace elements. Catena, 194, 104673. doi:10.1016/j.catena.2020.104673. 

[19] Jeong, H., Choi, J. Y., & Ra, K. (2020). Characteristics of Heavy Metal Pollution in Road Dust from Urban Areas: Comparison 

by Land Use Types. Journal of Environmental Analysis, Health and Toxicology, 23(2), 101–111. doi:10.36278/jeaht.23.2.101. 

[20] Meng, Y., Cave, M., & Zhang, C. (2020). Identifying geogenic and anthropogenic controls on different spatial distribution 

patterns of aluminium, calcium and lead in urban topsoil of Greater London Authority area. Chemosphere, 238, 124541. 

doi:10.1016/j.chemosphere.2019.124541. 

[21] Equiza, M. A., Calvo-Polanco, M., Cirelli, D., Señorans, J., Wartenbe, M., Saunders, C., & Zwiazek, J. J. (2017). Long-term 

impact of road salt (NaCl) on soil and urban trees in Edmonton, Canada. Urban Forestry & Urban Greening, 21, 16–28. 

doi:10.1016/j.ufug.2016.11.003. 



HighTech and Innovation Journal         Vol. 3, Special Issue, 2022 

51 

 

[22] Laidlaw, M. A. S., Filippelli, G. M., Brown, S., Paz-Ferreiro, J., Reichman, S. M., Netherway, P., Truskewycz, A., Ball, A. S., 

& Mielke, H. W. (2017). Case studies and evidence-based approaches to addressing urban soil lead contamination. Applied 

Geochemistry, 83, 14–30. doi:10.1016/j.apgeochem.2017.02.015. 

[23] Hasanov, V. H., Mammadova, S. Z., & Alieva, P. V. (2017). Ecological-genetically peculiarities and diagnostics of the cultivated 

urban soils in the Central Botanical Garden of NAS of Azerbaijan. Annals of Agrarian Science, 15(1), 75–79. 

doi:10.1016/j.aasci.2017.02.008. 

[24] Takahashi, T., Kanzawa, Y., Kobayashi, T., Zabowski, D., & Harrison, R. (2015). The effects of urbanization on chemical 

characteristics of forest soil in Tamagawa basin, Japan. Landscape and Ecological Engineering, 11(1), 139–145. 

doi:10.1007/s11355-014-0251-1. 

[25] Yang, L., Li, Y., Peng, K., & Wu, S. (2014). Nutrients and heavy metals in urban soils under different green space types in Anji, 

China. CATENA, 115, 39–46. doi:10.1016/j.catena.2013.11.008. 

[26] Gerasimova, M., Stroganova, M., Mozharova, N. and Prokofeva, T. (2003). Antropogennye pochvy: genezis, geografiya, 

rekultivaciya [Anthropogenic soils: genesis, geography, recultivation], Ojkumena, Smolensk, Russia. 

[27] Horodnii, M., Bykin, A., and Serdiuk, A. (2007). Ahrokhimichnyi analiz [Agrochemical analysis], Aristei, Kyiv, Ukraina. 

[28] Kupchyk, V., Ivanina, V., Nesterov, H., Tonkha, Li M. and Metiuz, H. (2010). Grunty Ukrainy: vlastyvosti, henezys, 

menedzhment rodiuchosti [Soils of Ukraine: properties, genesis, fertility management], in Kupchyk, V., (ed.), Kondor, Kiev, 

Ukraine. 


