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Abstract:

Urban environments are significant contributors to environmental pollution through surface
discharge and atmospheric deposition. These emissions originate from diverse sources, including
transportation, industrial brownfields, wastewater treatment facilities, and contaminated air masses.
This pollution encompasses a wide range of anthropogenic contaminants such as organic chemicals,
petroleum hydrocarbons, solvents, toxic metals, and metalloids, making it a complex global issue.
We address this challenge by focusing on the quantification and analysis of urban pollution fluxes in
both spatial and temporal contexts. Specifically, the project targets urban, near-coastal, and
industrial sites, aiming to develop advanced solutions for data-driven environmental modeling, which
are crucial for effective green infrastructure planning. A critical aspect of study is the concept of the
"urban halo™ effect, wherein pollutants originating within cities extend beyond their boundaries,
impacting surrounding ecosystems. This phenomenon is influenced by the nature of the contaminants
and their mode of entry into the environment. The project employs two primary approaches to urban
hydrological modeling: one examines the influence of urbanization within a defined catchment area,
while the other constructs hydrological models with specific boundary settings. Both approaches
facilitate a deeper understanding of pollution dynamics and their interactions with climate variables.

The overarching objective is to achieve a comprehensive assessment of the interactions between
urban pollutants and climate dynamics, thereby advancing our understanding of geochemical fluxes
under changing climate conditions. By leveraging this knowledge, the project aims to develop data-
driven predictive environmental models, supporting the design and implementation of resilient green
infrastructure strategies. These outcomes will not only enhance pollution management but also
promote sustainable urban development in vulnerable regions.

Keywords: urban pollution, geochemical fluxes, hydrological modeling, green infrastructure,
climate dynamics.
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Significant amount of environmental contamination and water pollution is related to the surface
discharge and atmospheric deposition being exhausted by transport emissions, industrial brownfields,
wastewater treatment facilities, polluted air masses. Contamination from anthropogenic sources may
release various pollutants including organic chemicals, petroleum hydrocarbons, solvents, toxic
metals and metalloids [1]. However, the modern society produce a lot of emerging pollutants that are
not understood well yet. Sustainable remediation as well as prevention of emerging pollutants coming
into the environment provide benefits to human health and the environment. The best solution would
be to prevent the sources of pollutants to cease out; however, this might seem utopic idea for next
few decades when environmentally neutral materials and perfect recycling would be achieved. On
the other hand, the diffuse pollution of various substances is almost not possible to prevent coming
into biological chains however the green infrastructure solutions which would prevent those coming
to, e.g., rivers and seas, would be important step towards achieving sustainability. By urban runoff
and especially stormwater flushes this pollution have greatest fluxes towards watersheds and from
diffuse pollution transform to the point source as water urban runoff (fig. 1) is mostly collected in
several single points and we cannot estimate changes of these fluxes during stochastic events. The
Intergovernmental Panel on Climate Change (IPCC) has stated that the frequency of extreme
precipitation is expected to grow over midlatitude regions by the end of the century. This is consistent
with the Clausius-Clapeyron (CC) equation, which states that atmospheric water vapor pressure
increases at a rate of 7% °C!of warming. However, the relationship between warming and
precipitation, and particularly with extreme precipitation, is complex and depends on many factors
such as type, return period, and duration of rainfall. Currently, a significantly large body of literature
Is available on the impacts of climate change on water resources.

_
Atmospheric
deposition

*Roads N
«Paved surfaces
 Structure surfaces

«Transport emissions
+Road maintenance

«Buildings . A 7 *Industrial
«Green areas ( Drar;lalge < thrc!p_ogemc activities
| surfaces activites  Consiniction

*Waste disposal

«Household activities
and gardening

« Agricultural activities

systems

Urban drainage]

« Stormwater
control systems

«Green infrastructure

«Bypass runoff or Surface water

overflow flows or basins

Fig. 1. Stormwater pollution sources

The list of problems for finding solutions is: toxicity of contaminants; pH levels promoting
mobility of contaminants; excess sodium, sulfates and chlorides, significant amounts of heavy metals,
microplastics and emerging pollutants coming in relatively tiny concentrations, but in high amounts
during stormwater flushes [2, 3]. Managing the risks posed by contaminants at stormwater treatment
and outflow sites involves understanding the possible pathways and applying appropriate measures
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to measure, monitor in time and space, discover best options for treatment, or remove sources, adding
amendment substances and green infrastructure buffers in appropriate places where the problem is
solved before it enters back in diffuse pollution state. We need improve soil geochemistry and
promote environment in a combined way to reduce toxicity, emission risks and stabilize physical
properties, at the same time minimizing or eliminating energy consumption or the consumption of
other natural resources by using natural resources and mimicking nature processes when designing
green infrastructure.

The discharge of hazardous substances from urban areas into water basins continues to be high.
Three factors contribute to this increase:

1. Many areas have sources of potentially hazardous substances as parts of cities are built on
and/or around areas with artificial landfills, or brownfields. Floods affect many sources of potentially
harmful elements: old waste dumps, manmade fillings, roads and railroads, contaminated soils, harbor
areas, fuel and chemical storages [4].

2. Cities expand and density into these areas [5]. The increase in sealed surfaces and artificial
surfaces (e.g., roofs) leads to increased surface runoff, which also affects urban flood patterns.

3. Climate change causes increases in precipitation and cloudbursts. These three factors lead to
an increase surface and subsurface discharge and subsequent increase of hazardous substances dis-
charge [6].

Cities that have not yet started to deal with increasing surface and subsurface discharge like to
learn from experiences made so far and how to improve them, also respecting hazardous substances.
Urban geochemical processes profoundly impact harmful substances in cities, altering their
distribution and causing distinctive environmental effects. A study [7] highlighted gaps in ecosystem
models, not considering human-induced changes like altered water flow, structures, and urban
development. These shifts affect substance movement and retention, leading to unique urban
flooding. Urban areas experience water quality changes due to altered flow, temperature,
sedimentation, and habitats. Chemicals quickly enter aquatic systems, modifying their behavior and
movement from soil to water bodies. Urban waste and emissions spread beyond cities, depending on
their properties and introduction into the environment — a phenomenon termed the “urban halo effect”
[8], involving atmospheric and waterborne transportation. Traffic-driven air pollution poses a
significant global health risk due to daily exposure to vehicle-generated dust particles. Metals from
tires, brakes, and exhaust contribute to diverse car-related pollutants. Road dust directly threatens
human health through ingestion, inhalation, and skin contact. Generally, urban soils serve as a storage
for most solid and chemical pollutants from atmospheric deposition. The issue of lead contamination
from historic gasoline usage is exacerbated today by catalytic converters, which introduce platinum
group elements (PGEs), mainly Pt and Pd, into the environment. A study [9] revealed that high PGE
concentrations align significantly with Pb anomalies in Naples, Italy's soil along the city's road
network. Urban brownfield sites, remnants of past industrial activity, release inorganic and organic
pollutants, posing a health risk to residents [10]. The USA has an estimated 400,000 to 500,000
brownfields, Europe has 300,000 to 1.5 million, and Canada has over 30,000 [11, 12]. As cities
expand, brownfield sites are attractive for redevelopment, emphasizing the need for proper
remediation before reuse to prevent harm to human health. For example, the Bagnoli brownfield area
in Naples, is still releasing metals and organic compounds years after industrial activity [13]. Urban
stormwater management (fig. 2) is a critical concern, particularly in cities with outdated or combined
sewage treatment plants. These plants struggle to handle the large volumes of water during heavy
rains, resulting in untreated water overflows that significantly pollute downstream bodies of water.
Outdated treatment plants often inadequately remove contaminants like salts, soluble phosphorus,
bacteria, endocrine-disrupting chemicals (EDCs), and pharmaceutical and personal-care products
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(PPCPs) from the final effluent, posing a human health threat [14]. EDCs and PPCPs, considered
emerging contaminants, are found in urban watercourses worldwide, presenting potential health risks
if ingested [15]. These emerging contaminants encompass everyday use compounds, such as
pharmaceuticals, detergents, plasticizers, and industrial additives, suspected to be harmful if
introduced into the human body. The role of some inorganic contaminants such as toxic metals,
including Hg and REEs, has been studied to a small extent with greater attention only to Hg. Studies
indicate the estimated median total Hg concentration in, e.g., beach wrack 7.6 ng/g dry weight; then
1 km long beach segment may receive 6 g of Hg per season, adversely affecting flora and fauna.
Nevertheless, a broad and consistent investigation of inorganic contaminants over several seasons has
not been performed in the selected area. Therefore, biogeochemical cycling analysis of elements of
concern can give valuable information to understand the integrated environmental processes. The
growing contribution of recycled Hg, including the legacy of previous anthropogenic emissions, is
driven by climate change and increasing anthropogenic pressures affecting all ecosystems [16, 17].
The consequences of the perturbed global Hg cycle are expected to be more severe for the marine
environment, compared to terrestrial and freshwater ecosystems [18]. The marine ecosystem is
particularly vulnerable to Hg contamination, as it originates from different sources, including not only
atmospheric deposition but also waterborne input and direct point sources located on land and sea
[19, 20].

Anthropogenic activities can result in the relocation of contaminants such as polycyclic aromatic
hydrocarbons (PAHS), polychlorinated biphenyls (PCBs), microplastics and even pharmaceuticals
from shipping channels, harbours, and ports into the marine environment where these components
may exert a negative effect on the marine ecosystem. Defined primary contaminants are all persistent
in the marine environment and have a significant anthropogenic input. PAHSs can be naturally released
during forest fires and by volcanic activity, but are mainly linked to anthropogenic sources such as
fossil fuel burning, waste incineration, oil refining, oil spills, and industrial and agricultural outfalls.
PCBs were used as coolants, plasticisers and lubricants, and were banned in the mid-‘80s, however,
remaining sources such as old equipment, disposal of waste and transport of contaminated sediments,
still contribute to contamination in the marine environment. Both PAHs and PCBs have a slow
degradation rate in anaerobic sediment, allowing for their bioaccumulation and biomagnification in
the marine environment [21]. Metals can be naturally released into the environment due to volcanic
eruption, sea-salt sprays, forest fires, biogenic sources and rock weathering, a process where metals
are released from their endemic spheres into the environment [22].

Pharmaceutical residues have become a serious global concern due to their release from various
sources, including hospitals, industries, and domestic activities [23, 24]. Improper management of
these wastes leads to environmental contamination, particularly in developing countries [25]. Studies
show that certain pharmaceuticals like IBU, GEM, and SMX can achieve >99% biodegradation
during soil composting [26]. Understanding pharmaceutical biodegradation in urban settings is
critical.

Urban hydrological models are classified by time and space scales, with two main approaches:
catchment-scale models covering broad time-space dimensions and city-scale models with finer
resolution. Over 50% of small-area models (<10 km?) use time steps of 6 minutes or less, while larger
areas (>10 km?) often adopt 1-hour intervals. GIS tools (ArcView, ArcGIS, Arcinfo) are widely used
for data processing and model parameterization, leveraging digital models for catchment boundary
determination. Remote sensing, including LIDAR and rainfall radar, supports model precision
[27,28]. Hydrodynamic routing and hydraulic modeling are fundamental for simulating urban water
systems, with methods ranging from conceptual equations to the de Saint Venant equations.
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Fig. 2. Stormwater management in urban areas

Urban hydrology differs from classical hydraulics primarily in scale, emphasizing surface runoff,
rainwater collection, and sewer systems. Model developers must balance complexity with purpose,
choosing processes and detail levels to suit their objectives. Such models are essential for
understanding urbanization’s impact on infiltration, runoff, and drainage formation [29,30].
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AHoTanis

MichbKi cepeIoBHIIa 3HAYHOIO MipOIO CIIPUSTIOTh 3a0pyAHEHHIO TOBK1JUISA Ye€pe3 MOBEPXHEBI CTOKHU
it atmocdepHi ocaau. Taki BUKAIHM MOXOAATH 13 PI3HOMAaHITHHUX JPKEPEN, BKIIOYAIOUM TPAHCIOPT,
MPOMHUCIIOBI TepuTopii (OpayHOIIAM), CTAHINT OYHIIEHHS CTIYHWUX BOJ Ta 3a0pyJIHEHI MOBITPsHI
macu. lle 3a0pynHEHHS OXOIUTIOE HIMPOKHH CIEKTP aHTPONOI'CHHUX 3a0pyIHIOBAaYiB, TaKUX SK
OpraHiyHl peYOBHUHHU, HA()TOBI BYTJICBOJIHI, PO3YMHHUKH, TOKCUYHI METAIHM W METaJI0iIH, 1110 PpOOUTH
HOro CKJIaHOIO III00AIBHOI0 MPOOIEeMOI0. MU MiIXOAMMO JI0 BUPIIICHHS IbOTO MUTAHHS LUIIXOM
KUIBKICHOT OIIHKU Ta aHaIi3y MICHKHUX 3a0pyAHIOBAIILHUX TMOTOKIB Yy IMPOCTOPOBOMY M 4acOBOMY
KOHTEKCTax.

KoHKpeTHO 11e# TPOEKT OPIEHTYETHCS HAa MICHKI, TPUOEPEIKHI Ta IPOMHUCIIOB] TEPUTOPIi, MAFOUH
Ha MeTi po3poOKy MepeoBUX PillleHb Yy cdepi eKOJIOTTYHOIO MOJICIIOBAaHHSA Ha OCHOBI JJaHUX, 1110 €
KPUTHUYHO BaXIUBUM /7151 €()EeKTUBHOTIO IJIaHYBaHHS 3€JI€HO1 IH(pacTpyKTypu. BaxkinuBum aciekTom
JOCIIJKEHHSI € KOHIIETLisl e(eKTy «MICBKOTO Tajo», 3a sKoi 3a0py[HioBaui, 110 BUHHUKAIOTh Y
MiICTax, TOIIMPIOIOTECS 3a MEXI I1XHIX TEpPHUTOpid, HETaTUBHO BIUIMBAIOYM Ha HABKOJIMIIIHI
exocuctemu. Lle sBHIEe 3a1eKUTH Bl XapakTepy 3a0pyAHIOBadiB Ta CIocoOy iX MPOHUKHEHHS B
JTOBKULIA. [TpOEKT BUKOPHCTOBYE JIBAa OCHOBHI IMIXOIH IO MiCHKOTO T1APOJIOTIYHOTO MOJICTIOBAHHS:
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NepHIMid JOCHIKy€e BIUIMB ypOaHizaiii B MeXax BHM3HAYEHOTO BOA030ipHOro OaceiiHy, Ipyrui
CTBOPIOE TIAPOJIOTIYHI MOJEII 13 3aJJaHUMHU TPaHUYHUMH yMoBamu. OOWaBa MiIXOIU CIPHUSIIOTH
IIIMOIIOMY PO3YMIHHIO IMHAMIKHM 3a0pyJHEHb Ta iX B3a€EMO/Ii 3 KIIIMaTHYHUMHU (PaKTOPaAMH.

3arajqpHa MeTa TOJIATAaE B KOMIUICKCHIM OIHII B3aEMOJIIl MiX MICBKHMHU 3a0pyIHIOBaYaMH Ta
JMHAMIKOIO KJIIMaTy, IO JO3BOJHUTH MOTIMOUTH PO3YMIHHS I€OXIMIYHUX MOTOKIB B YMOBaxX 3MiHU
KJIIMaTy. BUKOpHCTOBYIOYM OTpHUMaHi 3HaAHHS, IPOEKT MTParae po3poOUTH MPOTHOCTHUYHI €KOJIOT14HI
MOJIell Ha OCHOBI JaHUX, SIKI TOTIOMOXYTh Yy po3poOIli Ta peajizallii CTIHKUX CTpaTeriii 3eleHol
iHpacTpykTypu. L{i pe3ynbpTaTs 103BOJIATH HE JIWIIE TTOKPAIIUTH YITPABIIHHS 3a0pyTHEHHSIM, ajie i
CHPUATUMYTh CTAJIOMY PO3BUTKY MICHKHMX TEPHTOPIH y perioHax, M0 € HaiOiIbII BPa3TUBUMH JIO
3MiH KJIiMarty.

Karouogi cjioBa: Micbke 3a0pyHEHHSI, T€0OXIMI4HI TOTOKH, T1POJIOTTYHE MOJIENIIOBaHHS, 3eJieHa
iH(ppacTpyKTypa, KIiMaTHYHa AUHAMIKA.
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