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ARTICLE INFO ABSTRACT

Faywords:
Urban forects

Urban forest are increasingly recognized a5 ezsentizl components of sustainable city planning, offering mult-
fumctional ecogystem sarvices that address kéy environmental challengez. Thiz review explores the role of urban
vegetstion in mitgating =ir and zoil pollution, using Italy a= a representagve caze stady. Alr polluton - zpe-
cifically particulate matter (PM], nitogen dioxids (N0}, and mopospheric ozons (03] - remain: 3 crideal health
concern in urban areas, while zoil contamination by heavy metals and organic pollutans continnes o degrade
ecogvetem functonality. We examined the mechanizmes by which orban greenery mitigates these pollutants,
focuzing on species-specific maits, functions] planning. and ntegrated monitoring strategies. To bridge research
and practice, @ new sategy for whan greenery planning is propesed, presented here a8 two case studies. The
caze first demoncetrater an innovative air quality management approach in Florence, combining high-rezoluton
satellite imagery with 2 pew simple biophyzical modeling framework (FlorTrese model} o evaluate species
effectivensezs in pollutant removal. The eecond case synthesizes feld-seale phytoremediaton projects across IEly,
showeazing how selected mee, shrub, and herbaceons species can remedizte contaminared urban soilz while
providing co-benefits such as biomass producton and biodiversity support These findings highlight the global
relevance of urban forestry as a low-impact, cost-effectve srategy to enhanee environmental quality and public
health By integrating green infrasoietmre ot urban policy and land use planning, cities ean optimize air and
soil remediation, promote ecosystem rezifience, and contrhute to climate adaptation goalz. The review un-
derzeores the need for interdisciplinaty collaboration, long-ftevm monitoring, and policy alignment o fully
hameszz the potential of nrban foreste in addreszing complex uwrban polludon dynamics.

1. Introduction

Urben green spaces, which melude forests, mesdows, residentisl
wards, parks, grassy lawns, engineered green roofs and r=in gardens
[Paudel and States 2023 are commonly Iimked to mnprovements m air
quality, temperatire regulation, redocion of the urban heat 1sland ef
fect, mereased biodiversity, carbon sequesiration, nolse reduction, and

offer recrestionsl social, psvchological, and assthetic benefits that
enhance wrban hfe snd well-being (Hartiz =t 51 2014; Edeigha ot a3l |
2024}, Urban green spaces are al=o criges] to face environmenial chal-
lenges such az sir and soil polluton,

Eoul 1= an integral part of the urban landseape. promobting vrban plant
nutyition and growth which m tom regulate air guabty by mmbtercepting
atmosphenc particles and adsorbing gascous pollutants. The prezence of
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so0il contaminsnt= ‘can affect biogeochemmceal cyeles and plant growth,
causing 8 progreszive disrupton of ecosystem funchiomng and serviess
as they are sirictly dependent on healthy soal-plant systems (aco et sl
2025),

Although certain stisdies warn that the real mmpact of wrban greemanz
on reduring local air pollobon might be exageerated (Petalo =zl 2013,

Voo etsl | 2013; ¥Yh-Pelkonen et al | 20172 201 75), urban green spaces

are sszociated with lowering the population’s fllness and preventing
premzature death by improving air quality [Sicard =t 2l | 2025; Fondo
et 2l 2000). Therefors, policy measares simed at promoting nvestment
m the green sector are becoming incressmngly widespread.

To protect nature snd biodiverzity, the EU lsumched the Biodiversity
Strateey for 2030 (Europesn Commuission, 2020 and reqoests Baropeam
mumeipalites with & mimarmmam of 20,000 mhshitanis to develop Urban
Greening Plans: With the "With the "Regulation {EU) 20241991 (EF,
2024}, on nafure restoration and amendimg Regulstion (EU) 2022/869"
[EP. 2022) mimed to assist the Member States in restoring scosyzbems to
enzare biodiversity resilience, to contnbute to climats change mitiza-
tiom, For instancs, by planting st leaszt 3 hilion additional trees by 2030,
o gusrantes that wben green aress and wrban tree canopy cover
experience o net reduction in 2030 compared to 2024, and to achieve
an mncressing trend i the totsl national area of urban green zpace by
2031 (Ewropsan Commmuzsiom, 2021} These ambitious plans are part of
broader efforts to mibigate significant health problems; m 2021, ambient
air pollufion in the 27 BU Member States was Imled toan sshimated 253,
000 prematare desths from chrome exposures to PA- . 532000 from
NO<, and 22,000 from acute exposure to Oy (Sicard =t 2l |
pean Emvironment Azency, 2023). However, to addrezs urhan environ-
merntal challenges sach a2 @ir pollonon snd soil degradation, it is
eszeniial to improve the fonctional planning of wrban sreen spaces (L=
et 21, 2024}

Italy offers & parfcularly informative case regardmg its urban green
spaces, with 1= mix of kistorie parks, roadside plantings, and urbam
forests, that host a wide diversity of plant species, which vary based on
geographical location and climate. Native vegetation 15 often prionitizad
as it plavz a crocial role in supporting regional biodiverszity, with the
species richness being higher in archasological zites, open fi=lds, and
parks, and the lowest nichness observed in resdentizl areas with
compect or poor z0ils {Grepow snd Blen 1998, However, Italy lacksa
urified, up-to-date synthesis that connects national and regional pobicy
mstruments with empirical momtoring data. While numerons cass re-
ports deseribe ndividuzal gresmng Imterventions, no comprehensive re-
wiew exists thet {1) maps policy evelubon, (1) synthesizes empinicsl
evidence on the wrban green capacity to reduce siv pollofsnes and
mmprove =oil quality, and (i) lustrates planming tools through novel
case studies. Thus, this review sms to provides a comprehensive over-
wiew of urban green planning strategies to improve air guality and =oil
funetonahty in Italy, delivering an mtegrated, evidence-bazed frame-
work for optmmzing urban green strategies, snd providing lessons
transferable to other nations.

SO - Hi
202]); Euro-

1.1. Iieeranoe srvey ard review

We conducted a systematic resesrch to synthesize and discuss Italy’s
uze of nrhen green speees for improving air snd =il quslity, foruzing on
{1} the Italizn nationsl and regional policies for enhaneing uwrban air and
=01l quality through vrban greenery, (2] the current statue of urban awr
and zoil pollution in Italy, {3) the use of empirical data to guantify the
effects of wrhen green spaces on air and soil improvement. and (4) case
stuidies that demonstrate the success of mnovative wrban green planming
strategies I enhaneing air quahity and soil fimebonahty.

Regarding air pollubion, (1] we identified nattopal and regiomal
policy documents by gquerying officiz] govermment repositories, assess-
g national decrees. and reviewmg each Itahisn repon’s Ao Ouality
FPlan=. All tewis published were written n Italisn; thersfors, the does-
ment soresming was conducted using Italian kevwords, such as “guoalita

[X]
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dell"ana™ “verde urbanc™; “partcalato™; “diossido di azoko™; “ermssion)
VOC™; "ozono”™. We screened foll texiz and selected mine doouments
exphotly motivating urban-gresn interventions for the mitigation of air
pollution {2 We relied exclusively on the 2023 sannus] synthesis report
publizhed by the Natonsl System for Emvirormmental Protection [SNPA]
to characterizs the eurrent status of urban sar polhrtion 1n faly. Next we
discussed these metrics m relstion to the new sir-gushity standards,
ensuring a companzon betwesn obeerved vrban air-pollutant levels and
evolving regulatory requurements. {3) We svstemabeally searched the
databass Scopus for peer-reviewed stndies pubhished betweesn 2015 and
May 2025. The scarch string combined the concepts of urban green, air
pollution, and Italy {TITLE-ABS-KEY), excluding snv study carried out in
other couniries (not Ikaly). In addibon, only studies including empirical
or model-based measures of NOz, FM, or Oz reduction sttributed to
urben green were selected. Fifteen publications were selected and the
informstion from each sindy was discussed. (4} Pmally, for the air
quality caze studies, we reanahe=ed two published datasets: the FlorTree
model {Menzmm et =L, 2023}, which ranks iree species capacity to
remove sir pollutants, and & high-rezolution satellite mapping approach
2023; Loapez et al | 2025), which classifies urban tree
zpecies from multispecirsl magery, and finally merged both method-
ologiez for presenting a novel tool for wban green plenmng.

Begarding urban soil contamination the Liteyature review was carmied
out in March 2025 nsing the Scopus platform. The zearch sting com-
bined the concepts of phytoremedistion and Italy (TITLE-ABS-EEY),
excludme any study carried out n other countries. In addifion, only the
studies carned out at the feld scale were conmidered (1.2, not lab, pot,
mesocoem trals) In totel 216 poblished pepers were foumd Thiz
Literature body was reduced by sxeluding all the documents that were
not Rezszarch Articles. In addition, a further sclecton waz made by
excluding studies thet did not report any mformation about phybor-
emedizhon performanes in terms of pollutant remosal

{Sicard et al

2. Policy frameworks and strategics
21. Urhan ar pollinon policy and perzpertives from Europe to Tmly

Thres natonal documents from the Mimstoy of the Emaronment
deserve gtbention regarding Italv's endorsement of urban greening to
improve air quality.

The first iz the "National Urban Green Infrastructime Serategy” edited by
the Mims=try of the Environment and Protechon of Lend and Ses (
MATTNL 20158}, which provides the guidelines for uwrban green planning,
emphazsizing the importance of biodiversity, mir quahty mprovement,
and urban livsbibity through expanded greenery. The second iz the
"Urban ared extra-wrban forestation plan” from the Ministry of Ecological
Transttion (MTE, 20220), wioch highlight= the importance of morz-
toring programs to assess the benefits denved from afforestsbon
emphasizing the need for both prior and post-svalistions. Although no
protocol 1z provided, the mndication for momtornng inchedes an evalua-
tion alomg 3 seven-year monitonng framework with penodic field -
zpechons to venfy proper planting and cultvation practiess, including
wrigation regimes, ferilizahon and phytossnitary measures treatments.
Addinonslly, ecological momtormg iz recommended to goantify
ecosystem services, such as biodiversity enhsncement, CO5 segquestra-
tion, pollubon remowal, and soil quality Toprovement. The third doeu-
ment was pubhished in 2022 by the Mimistry of Ecological Transition a=
Legislative Decree (DM n 183, 06/0872022, MTE 20225), highlighting
the importance of pricrifizing plant species that sre most effectve at
shsorbmg gaseous pollutants snd PM m Green Infrastroctire (GI)
pPrograms.

At the regronal Ievel, the decres DM n 1583, 06/08./2022_ refers to the
Begionzl Air Cuality Plan of Tuoscany and = web applicaton (hiips

‘servizi topeans /BT statmtichedinsrmehe ‘piant= ) for  sclechng
suiisble free speciss for GI programs. In fact, Tuscany Resion {Central
Italy) publizhed m 2018 (Begiones Toocsna, 2015) the "Gurdelne for the
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Belection and Plantng of Specific Tree Species for the Absorption of Nitrogen
Iroxide, Fine Particuiare Matter, and O=one” which, together with the web
application, 15 an important too! to provide a practcs] framework for
mumicipalities and mdividuals to select vegetation that effectvely mit-
1gates urban pollution. The gmdehines discourage the planting of mva-
mive or poorly adapted species, reflecting & comprehensive conmmztment
to mirgratng urban gresnness nto urban planmng and oulizing the
FlorTree model [Blanzin =t al | 2023 for ranlang tree and shrub species
bazed on their caparcity to cope with sir pollubion

Stll on 8 regional seale, I northern Ttaly, the Intesrated Regional A
Plan (Emubs-Romazna, 2023) also intends to enhancs wrban and
peri-wrbian forestry by zelecting tree species that cope with air pollut-
ants. The region published the handbook, "Trees for the Ciey: A Catologue
for Urbar Green Ifreetructime” (Regrones Emibis-Romagna, 2024, offer-
ing a guide to tres and shrub speciez for planming GI, focusing on chimate
adaptation and baodiversity, recommendmg the Toscany suidelmes and
the FlorTree model to eshimate species-specific absorption of gassous
pollutants and PM retentron. Stll in Northern Iesly, the Green Plan of
Padova (Cormmone-di-Pedova, 2027} cutlines criteria for planning GI by
selecting species that redues sir pollution, zuch as lovw-biogemic volatle
orgemc compound (BVOC) ematters, for reducing tropospheric O for-
mation, snd evergreen species for improving PM removal. Furthermore,
the Regional Ay Cuality Plan of Piedmont (Restones-Fremonde, 2024}
advocates for Mature-based Sclubonz {WbS) In urban and pen-urban
aress to adapt to climate changs and enhanes scosystem hmetonahty,
forusing on tres specicrs that efectvely reduce stmosphene pollutsnts.

Despite their shared zoeals of using GI to improve uwrban sir quality,
these national and regional instnonents are not vet fully harmomzed In
practice, mumeoipalities snd wban planners mmust comsalt multiple,
sometmes overlapping gudelines that vary In scope, monitormg re-
guirements, and reporing formats. Thiz fragmentation can hindsr the
coherent implementation and comparabibity of dsts across regions.
Establizhing & cenfralized coordinsbon mechanism could cloze theze
gape throueh mitistves ke & vnifisd onhne platform for uploading
monitoring results snd standardized reporting templates.

22 Urban sotl pollivion policy and perspecemires from Europe o Tkaly

Soil policies aim to protect and enhance sol quality, which directhy
mpacts the growth and sustamasbility of urban tree populabions; henee,
sotl policies sre eszential for creating healthy urben emvironments that
can support thrvmg urban forests. Concerming urban zoil policies, the
EU “Thematic Strategy on the Urban Environment” [Eiropesn Com-
mizmon, 2006) recopmzes the 1mporiamees of soil monitormg as a key
mndicator deteyrmining the guality of urban aress and their capacity to
provide ecosystem services. According to the Europesn Enviromment
Agenoy (3023), 250,000 soals have been identified a5 contaminsted
arrosz the EU, ms.ml} by metals and persiztent organic pollutants, rep-
resenting a potential rizk to oman heslth snd ecological sysbems.
Several other actions to protect soils melude the Soil Strategy for 2030,
the Biodiversity Strategy for 2030, the Farm to Fork Strabegy, the Zero
Pollution, the Matwe Restorsfion Law and the Europesn Climate Law
[Arizs-Navarro =t al | 2023)

In Itahan environmental legizlafion, the most common potentially
toxic elements {PTE] and orzganic pollutants are listed in the Legislative
Decree (Dzz) mo. 152706 "Emaronmental Regulshons". Speafically,
this Law d=fines the procedures, critenia, and methods to be adopted for
elimmatng. or at least reducing, the contsmnation source and the
concentrstions of pollutants m harmony with EU ponciples snd stan-
dard=z With thiz aim,_ the D gz, 15206 reports'a table with the 501l and
subsoil contamination thresholds for 9F parsmeters, updated by Law no.
116714 for tin {Sm). The threshold hmits are applicable to sites for
publie, private, and rezidential green ves znd sites for commereisl and
mdustrial pse, representing 2 hmdsmental tool for montforing zoil
guality and potenfis] environmental health concerns. However, 1t bas
been suggested that a proper geochemical survey zhould consider a
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much larger number of PTEs, sithough the current national legslston
doez not copsider them harmful to health (Cicchells =t al | 2020)
Anpther enticsl point concems the emerging contamunmants, winch
include pharmaceuticals, personal eare products, endoenne disruptors.
nanomaterisls and mmeroplastes (1o et 2l 2024). Althongh these
contaminant can pose 8 great nsk for both ecosystems and homan
health, the development of common detection, momtoring apd man-
agement strategics, as well a5 nsk assezement models and regulatory
frameworks, remains a sipmficant challenge st both EU and MNational
Leseed

3. Corrent environmentsl status in Ttaly
3.1. Urban ar quakny

The Italian Natonsl Svstem for Envirenmental Protechon [SNPA)
releszes ammusl reports on atr quality thronghout Ialv. Unil the Iatest
report (SNPA — Siztrms Nazmionsle per Is Protmmone dell”Ambaente
2024}, the exoeedances for PMyg, NO5, and O were saill baced on the
lmt values specified m Dhrectve (EU} 2008/50/EC (Europesn Parlia-
ment and Council, 2008). Thus, they do not consider the World Health
Orgamizaton Awr Cuality Gudelines (WHO, 2021 AQGs), which zet
more sirmgent. targets, or the newly publ:zh:»d European air pollobon
target limat for 2030 {Dwective (EU) 2024/288]1 of the Ewropesn
Parhament and Cooncil, 2024}, which reduces the mits snd exesedanes
dayz for Py, MN0., and O and fillz geps by Introducing 24-hour PM-
bmte {Tahle T

dell' Ambaente 2024), the annisl PM-“;. lu:rut wasz ot ﬂrcad:d iad I'I:al}=
except for one site I Palermo (Sioly — Southern Ttaly), hkely attmbut-
able to miense desert zand infrusion events. In contrast, the daily PM; g
limit was swrpassed m 06 ztebons {17 % of cases). MNotsbly, 80 cut of
thess 06 metaness ocoarred m the Po Valley region (Northern Tealy), a
hotspot for PM pollution dus to its umigue meteorological condibons,
partcularly dunng winter, wihich favor the sccummulabon of atmo-
zphene pollutants and faecilitate the chemocal-phyzical proceszes
responsible for secondary pollutant formation: Sall, trend analveis over
the 201 42023 decade shows a statistically sigruficant decrease m PM; 5
levels at 53 % of the monitored st=Hons.

Table 1

Exropean current and target limits for air guakity fior key air polintant: bazed on
the Imiian limits (D.Lge.156/2010), dw Wordd Health Organizaton (WHO)
world air qualiry guidstines and the European Target limit for 2030 (Directive
(EU] 2024/2881%

Pollorane  Timing Iralizn bmits WHO =ir Europesn Targe:
(DHrective quality limit for 2030
2008/50. B0 suidelines  (Dirsctive 2024/
Z851)
ML, 2¢h 50 pg/m®; < 3‘6 45 pg/me 45 pg/m® < 18
Calendar year 40 pg/mt 15 pg/mt 20 pg/m®
PhLx 24h - 15 pg/ms 15 pgfm® < 1B
exreedances ¥T
Calendar pear 25 pgfo® 5 pgim® 10 pg'm®
O 24h 200 pgim®, 25 pgim®= 200 pgim® <3
= 18 exreadances T
Calendar year 40 pg/mt 10 pg /ot 20 pg/m®
O MDA 120 pgim® 100 pg/m™s 100 pg'm® < 3
=25 exceadances vT
exceedances/ v {2050 targ=t]
ADT4D Py 18 000 fige & D00 pgim® x h
oyl forthe = h{3 vwrave) {3 51 mwml
protection af
vegetton

" QOth percentile (ie., 3-4 exceedance days per year)
" Mean daily average
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For NO,, the hourly homt 13 not exceeded across all Ttahsn momi-
tormg stations. Also, the annual birmt 1z lareely respecied natiomvide,
with 08 % m complhance. All exceedances were recorded at stabions
acrozzs Italy milneneed by high traffic volume: in major urban aress such
as Tuwin (Piedmont — Northern Itely), the Milan metropolitsn area
(Lombardy — Northern Iisly), Genoa (Liguria — Northern Ikslv), Rome
(Lazio — Central Itsly), Naples (Campama — Southern Ttaly), Catamia and
Palermo (Sicily — Southern Italy). Over the decade from 2074 to 2023, 3
statisacally sigmbicant decliming trend m MO levels was 1denbfied m
85 % of the momtormg stsbions (SNPA — Siztema Nazionale per

trnone dell”Ambiente 2024}

The situstion iz different for Oz, In 2024, the health protechon Bt
was exceeded for more than 25 days m 43 % of the stations, particularly
m the Po Valley remions (Northern Italy) and at some high-sibde sites.
The highest Oy concentrations were obeserved nsuburban and nural
sress downwind of highly wbanized regions. Statishical analy=iz for
201 4-2023 mdicates that 5 trend in the Oy levels is not evident aeross
most monitoring stations. Despite a significant dechne mn pesk O levels
over ame, Oy exceedances m Italy frequently ocour at higher levels than
thoze in other Buropesn countnies, especially in urban sreas (Paoleth,
2006

Taly's current statos regarding s pollubon linut excesdances mught
change when the new cntena Dwective (EUF 2024/2881 1= mmple-
mented. To achieve the 2030 target the Itshan Mimstry of the Enva-
ronment and Energy Secunity publizhed the Natonal ngram for the

1a Pro-

Control .of Air Pollubion (Programms nemienale di controlls dell " ingyms-
namenio stmosferios FNCIA 2021 ) with the aim to gude a reduchon of

40 % in PM. s, 5635 % in NO. and 46 % in non-methane VOCs (key Os
precursars)! relative to 2005 levels. In detail, fo redues emissions from
rezidenial biomass combustion, which cause winter peaks in PM, the
FPNCIA recommends replacing old wood-burning stoves with certified
high-effimency devices, while to reduce enmuzmions from road transport,
1t aims to accelerate the transbion to elsctrie vehicles by myvesting n
public transport and cvchng mrastrocture in urban sreas.

32 Urhan soul quaoliey

Several studiez assezzed soil pollubon m Itshan cifizs, reveahing that
urban sous are potential zink=s for PTE:s and orgamc contsminsns
{polyoyclic aromstic hydrocarbons, PAH=, polvchicrmated biphenyls,
PCBs; polyvchlormated dibenzo-p-dicoons, PCDD; dibenzofiurans, DFs;
polychlonnated naphihalenes, PCNs; and organochlorme pezticides,
OCP)L

Among FTE=s, chromivm {Cr}, copper (Cu), mckel {Ni), l=ad (Fh), and
:'inc {Zn} have been commonly ﬁ:nmd in urban sotlz of major urben areas

m Nocthern Haly (Biasioli and Aimone-Misrsan, 2007, Fabictis ot sl
2010; Sislethietal | 201T). Dians et al """"ld:n.tl.ﬁ:d urban actvities
and zoilroad dust resuspension as the main sourees of metal: in s
northern area st the border of the Po Valley region {(Northemn Ttaly),
which reprezents one of the most polluted aress of Europe. Sall m
northern Italy, in Turin, the finer soul pariicles showed metal ennchment
of Cu, Zn, and, to & lesser extent, Pb, suggesting that metal svailability
was higher in the elay fraction than in other fractons, highlizhting that
the overall zo1l concentration cannot sorve a=-a reliable general Indicator
of metal bioaceezsibility in vrban soils [Madnd =t 2l 2008]),

Concentrabions and hioaccessibality of zo01l metals i Tunn (Northern
Italy) wers higher in road=ide soils than m soils from parks, and among
soil metals, Pb and Zn hMosccesabilities were found to be ligher in the
sbumau:h, while Cr was more bioaccezzible in the intestine {Sial=lli st =

011). Moreover, Ammone-Marsan ot a2l (23019) demonstrated tha,th:
rl:]:-as: of Cu, Pb, and 7n can be enhanced by waterlogging due to
extreme rainy events, suggesting that the submersion of contammnated
soils may lead to serious envivonments] rzks in urhen aress context. To
evaliate the remediation potential of plant species n Tirm urban soils,
Gageero ef 2l (2020) mvestigated the concentration= of 22 PTE m both
city central and peripheral wban parks of Tunn and evaluated the
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efficiency of four dafferent plant species (Brossira pocea, Helimnihies
arrmres, Zea maye snd Prerns vitara) for phytoremedisbion parposes,
highhehting & species-specific uptake ability depending on the consid-
ered PTE

Concentrations of crganic pollutants, such a= PAH=, PCBs, PCDD, and
DFs, were often above national Iemslation hrmts i wrban zcils of the
parks of Turm (Northern Italy, Bismioll =nd Ajmone-Marsan, 2007,
ezpecizlly in histones]l parks, indicating that =01l age could play a major
role m determyrimg the zoil contarmnation level Fabaeth =t &l {2010)
found an enrichment of some contaminants such as metsls, PCBs, and
PAH= iIn the wban enviromment in Piedmont (Northern Itslv) with
respert o thetr surrounding netursl and agricultural areas; while other
contaminants soch as PCOD and DFs showed lower differences, con-
firming their widespread and shiqutous pollution

Purthermore, significant incresses of some PTE (e.z., Ca, Pb, Zn}
were abserved i the topeoil of Ravenna urben perk (Emihs-Romagns —
Northern Italy), where theirr concenfrations offen excesedsd the
threshold values establizshed by Itshan law (D lgs 1522006,

A prebmminary review in Central-South Ttaly showed that OCP re=:-
dues in soilz ranged from not detected (n.d) to 1043 ng £ (with s mean
of 2291 ngg ) and from nod. to 1914 g [with a mean of 60.16ng g )
1n urban and rural ares, respectvely (Theombane etal | 2018).

Recently, the quality of 31 whan =oils m Central Ttely {Tuscany) was
determined by =znalyzing total petrolenm hydrocarbons (TPHs) and
several PTE such as Cr, Cu, N1, Pb, Zn, cadmium (Cd), mercury {He),
manganese (Mn), and the platimom (Pr) group elements (Cardeall st al |
201 7). Resultz indicated a widezpread soil pollution, with almost zll the
monitored sites exceeding the legsl limit of 60 mg k= for TPH: in
residentizl aress, while the geclogiesl accummulaton index (Igeo) mdi-
cated mo Cd, Cu, Mn N, and Zn pollubon snd mummsal Pb and Cr
pollution due to anthroposenic enrichment. Legal He and Znlimits of 1
and 150 mg kgl, respectively, were exceeded in sboot 20 % of the
monitored sites, while the lHmits for Cd (2 mg kg ), Cr {150 mz kg ™),
znd Cu (120 mg kg ") were exceeded in only one zite. The concentration
of He ranged between 0.04 and 9.61 me kg, with two sites exceeding
the more restrictive legal Hmit of 5 mg kg'? for industris] areas, while
the Ni legal limit of 120 mg kg" was never exceeded: Coastzl areds in
Tuscany {(Central Ttaly} have alzo shown mets] conterminaton, wath Fb
and Cu reaching the highest levels in roadside soils and in aress with
past agneulturs]l actvibies ke wvinevards, respechively (Bretzel and
Celdeniz 2006} Regarding chemical alterations, Itshan wrban soils are
generally characterized by an alkaline pH dus to the presences of 2 lugh
content of calcium carhonate from constrochon debriz and release of
caleareons zolubon (Unsaro =t =21, 2022 which csm affect the
bioavailsbility of mutrients and hesvy metals altmﬁ:tg their uptake by
urban trees growing in a Tusceny park (Seartazes et el | 2025)

The Hg concentrations of wrban soils in Central Ttaly (Tuscany were
sligned wath those found m other cibies of Central and Southern Tisly,
such oz Rome (0.17-1.48 mg ke C=nci et al. ’T-S] -“c‘aplﬂ Bensy-
ento, Caserta, Salemo, and Avellin (0.01-2.66 mg kg 3 Ciech
205}, Soilz of school gardens, public parks, spmtgrmmds and roadsidez
were analvesed alzo m Serchio Baver Valley (Tuscany — Central Tialy],
indicating that Cu, Zn, and Cd repressnt the mam contarmmants in sur-
face soil, hkely omginated by deposition of arborme particulate matter
from metallwgical achvity (Pefring ot =l 2022} Fuorthermore, the
weichle traffic contnbuted sigmificantly to metal pollubon I erty soils of
Rome {Lamio Central Haly}, especially Pb, Co, Niand Zn.

Cicchella et 2l {2003] analyzed the Pt and pelladiom (Pd} zol con-
cenfreficns in MNaples metropolitan area (Central Itsly), reporting
anomaleus vahies for Pt (> 6mg ke ) and PA (> 17 mg ke ) and a
positive correlaton between these element concentrations with road
distribuiion and mapor traffic flow, possibly due to catalytic converter
stintion In the same metropolitan area, Gisccoio =t al {2012) snalyzed
the geochemicsl distribution of =oil heavy metals, and found 5 strong
corrzlation between snomalous Pb and antmony (Sh) concentrations
and men with poor semen guahlty, while other elements showed a
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weaker correlaton (He and 7n) or the sheence of zigneficant
correlations.

A grochemical survey was conducted mn the Selerno whbean area
(Campamis — Southern Italy) to determime the soures patterns of msjor,
mimor, trace, and ulira-trace element=1n 15] vrban topsoils (Ciochells
et 2l 2020). The resulis nghlighted that while the distabution of major
and minor elements was ndependent of human achvities, many trace
and ultrastraee elements were mainly locsted m highly populated areas
charsctenzed by industry actvities and heavy road traffic, supporting
thatr snthropogenic souree. Among these elements, some FTE (e.z, Fb
and Zn) showed concentrations that reached values tens of tmes igher
than the legal hmits, cansing potential heslth problems. Paps =t sl
{2012) determined the concentrations of V, Cd, Cr, Pb, Ni, Cu, and PAH=
m Querens dex I leavesz m the city of Caserts (Campania — Southern
Italy] demonsirating that thiz species reprezented a useful hiomdicator
of urban pollution and = good candidste for phytoremedistion purpozes.

Other studies condueted n Southern Ttaly analvzed the spatial dis-
tribution of =01l Pb concentrafion in wban and pen-urban sols collected
along 149 locations {(Calabra, Southern Italy ) to assecz the probabaline of
excecding the ernitical threzhold for bealth nsle (Gosghand: =t al 207 5],
showing that large polluted areas exceeded the ehan regulatory valoes.
To evaluate the plant phytoremediation potential in the Calabrnia region,
Ferm =t 2l {2024)] analyzed the concentrabion of Zn, Cd, Co and Az m
black poplar lesves and soil samples from three wbamzed sites showing
that these elements sxcesdad reference values for vmpolloted =ites,
mdicating potential environmental nisk These authors demonstrated
that black poplar trees were able to reduce the extent of the contamm-
nation by highly frequent toooe pollutants m urban aress representing a
vahaable NbS for monttoring and restoration m orban context.

Furthermore, studies carried out o the insular Ttaban regrons re-
ported the concentrations of Mn, Cd, Zn, N1, Cr, Cu, Pb, He, 5b, vana-
dnmm (V}, and cobslt {Co} on 70 topsoil samplez eollected from green
aress and parlks mn the city of Palermo (Sieily — Sounthern Teahian),
zhowing medizn values of Pb, Zn, Cu, and He concentrations of 202,
138, 53, and 0.65 mg kg’ respectively, much higher than uncontami-
nated Simlian seals (Alsnt= = 2l | 2007). Regarding orgame pollutants,
D= Gurdi =t =1 (2017 mvestigated the urban zoil contamnstion with
PAH: and mitve-FAH: mn the city of Catama (Sicly — Southern Itsly).
Theze suthors suggested = sbrong contribubion from meomplete com-
bustion of gasohne or other fuels slso due to the vieimity to the airport
and dememstrated the affectivensss of mocrowsye heating as remedia-
tion treatment for conteminsnt removals.

Most of the sbove-mentioned studies have been conducted i the
miam urben sress of the Northern {Piedmont, Emilia-Romagns), Central
(Tuzcsmy, Lazio} and Southern (Campania, Celabria, Sicily) Ifalian re-
glons. However, further studies are needed to broaden the geographical
coverage and temporal trend at the national zeale, especislly i the
highly whanrred remons of Neorthem Italy, such as Lombsardy, where
culitvated zoils south of Milsn and other whan areas of Lombardy were
found highly ennched in metals such a5 €d, Cu, Phband Zn (Secchi eral
2030}, Furthermore, more studies are needed to evsliuate emerging
contarminants such as phermaceuticals that may pose senons nszks to
ecosyvetems and limman health (L1 =t 2l 2024). Indeed. only a few
studies have analyzed the fate of cmerging contaminants n ftalian soils
and they are generslly related to agrienlturs] soils, sz in the case of
durum wheat grown on oogated land with treated wastewsater m
Southern Ikaly (Basiheata region, Denorz etal | 2024), but a gap remans
to be filled regarding urban smls. Finally, the combmsetion of zoil and
vegetation contarminant snslvses n wrban emaronments could provide
fundaments] iInformation to svaluate the most smtable plant species to
be used az bioindicators of soil contamination and az NbS tools m
remedistion sirategies besed on urben forestry plans.
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4. Impact of urban green spaces
4. ]. Corributions to or queley rmprovement

Seversl studies have focused on the contmbubon of whan green
spaces to Improving air quality in Kaly. The methodologies melode
direct measurements of pollutant removal by specific plant species and
maodeling approaches to estimate polluhon reduction sttnbuted to wrhan
greenery. Tahble 2 synthesizes 15 scientfic stodies condueted m Tksly
from 2015 to 2024 that examme the role of wban green spsess in
enhancing air guality.

Urban vegetation shility to reduce air pollution varies by speciez and
emrommental condifions (Manzini =t 2l | 2023). Indeed, PM and NO>
concentrations are often aszoristed with vehicle traffie and emizmons
from heating systems, ypically pealang m winber (Tammeslas et 2l
2023}, while Oy 15 2 polhutant linked to summer westher, == it iz 3 zee-
ondary pollntant generated 1n the presenee of BWOC and zolar radistion
(Zhao ctal 2018}

Specizs-zpecific differenices in pollutsnt removal capecity are infla-
enced by morphologicsl lest trasts and their habat (Grotz et 2l | 2016
Ususlly, species with smaller snd complex-shaped leaves with higher
surface roughness are associaied with betier PM retention {Moors cfal |
2024}, For instance, the assessment of 22 plant species located in
different urban zones m the city of Lucea (Tuscsny — Central I=zly)
highlizhted the mfluence of envizonmentsl condifons @ and
speciez-sperific tragte m their PA accimulaton capscities. The study
revealed that evergreen species consistently captured lngher PM levels,
espeeizlly in wrhan traffic zones where polluhon concentrabions sre
higher. In thiz caze, parbienlsr sttention must be given to the broadleaf
evergreen species Quercos ey Lo, whach was revesled sz an efficient
species to capture both fine (PM; =] and larger particles (PM; ) m studies
conducted in different eibies of Raly such az Terms {(Umbria — Central

Hialy; Sgmgns =t s, 2015), Maples (Esposito et =l 2020), Riomm
{Emuliz-Romagna — Central Ialy; Vigsvam et sl 2027}, and Perugia
{(Umbria — Central Italy; Orlandh =t sl 2027}, with PM accumulstion

capacity posibvely correlated to leaf traite (lesf length, wadth arco-
larty, and dry matter content Esposito =t al | 2020} Regarding the
shyubs, two species, Le., Vibwomum uetdiem 1. and Photinia x frasert ov.
Bed Robin Dress, used as a roadside vegetation barmer in Pesels {Tus-
camy — Central Tealv), was demonstrated to steadily change the dynasmes
of PM deposition with a reduction of about 30 %46 (Mon et-al | 201 E).

Simulstion models assess the local-seale benefits of urban trecscapes,
focusing on quentifying the capacity of urban forests to intercept PAL
Smdies conducted m the Metropolitan ety of Naples (Campamia —
Southern Ialy; Sebasfiam et al | 2021) and the oty of Ferrara (Emm-
lia-Romagna — Central Taly; Murezsan =t gl 2022} underscored that the
total PM;, removsl efficiency iz higher for conifers than broadleaves,
with a peak deposihon rate dimng winter. These findings are m agree-
ment with the PM; dry deposibon simulated by the modsl AIRTREE for
two representative Italisn wban parks locsted I Rome (Lazio — Central
Italy) and Twim (Piedmont — Northemn Italy) (Feres =2 2] | 2020)

In confrast, modeled PM;g removal m three Iishian cosstal ot
iez—Genoa [laguria — Northern Ttaly), Barl (Apubis — Southemn Itsly),
and Reggio Calabrnia (Celsbria — Southern Ialyi—was reported to be
maore efficient In evergreen broadleaves than in deciduons snd conifer
species (Mardells ot a2l 2023} Foszmg on the metropolitan oty of
Rome (Lezio — Ceniral Iisly), another study also deseribed sversreen
species exhibiing higher Pvl;g removal efficiency per hectare than de-
ciduonis zpemes {4- 1522 %, Merando =t al | 2015)

Begardless of the study; urban tress effectively raduce PM in the air.
Simulstions estimate a confribution to PM removal of abowt 4 tons of
PM;q within one vear in an whan park in Rome {Lazio — Cenirsl Italy;
Sl =t 2l 2015} Simsddarly. research on the enbive uwrban forest of
Florence (Tuscany — Ceniral Ialy) estimated a significant PAL ; removal
of 171.3 t/vyear (Botmaheo et al | 2017

Urban vegetation can also abeorb gaseous pollotants ke Oy and
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Table 2
Comparizon of uwrban vegetation role in air pollution mitgation and policy Implicasions acros: Ialian cibes.
Speeies Studied Tahan Crty/ Tarmet Key Findings Public Policy Implicabons FReferance
Regiom Polhstants

Evergres=n, Fome,/lazic Phfyg Tre=s, especially evergresn hroadleaves, Emphasize the mle of green infractrucnmes in
deciduous effactively reduce PM, concemrasions. wrban forests for Enproving =i qualioy.
broadleaves and
comnifary

Evergresn/ Rome/Lazig PAL - Deciduous hroadleaves represen: the mos Suppart to the cmcial role played by nasare- Mzrandn
deciduons abnmdan: ree functonal group and yield the baced solurions for iman well-being in whan~ =c=l 2016
broadleayves and hizhest rotal armual PA,  deposidon valnes but ares: The monetary svalusdon indicsred dhar
conifers the r=moval efficiency is higher in evergreen the overall FhL - removal value a2mounted o

than in decidwons species. 161.78 million suras.

Gensra] mes spacies.  Perogia/Umbeia Pulyz Hegh PMEp caprure by apecific res species Encourages imegradon af effectve speciasin

conrributes to 2 purificaton. wrban planming for zir quabioy.

Evergresn/ MWaples/Campania PAL - 114850 Mg of PAL ; are annually remorved by The remoral rame was cabovlared az equal o 56
dmcichsons Urhan Grean infrazmucmore. The remaoral million suros ear.
broadleayves and efficiency largely varies acrom seacons and
conifers different vegerarion fmctonal groupe.

Brvergress,’ Genoa, Liguria, PAE . The highest anmual] average BM, ; remoe=]l Supporr for sustainable plasming and
deciduous Bazi/Puglia and efficiencies iz exhibiced by evergreen mamagement of UGL. Meinmining &
broadleaves and Feggio Calabeia/ broadleanes Deciducus broadieaves also fiumctionally-mived spedies composition in the
conifars Calabria dirplay high efficiency valoss, despios a marked UGk iz desirable for guarantesing the

seazonalicy caused by leaf ahecimion. conzinuous remaval of Phh: throvghous the
ear

Cearers Sex Termi Urnheia 0 Urban Querees oy trees can remove PM from Inform wrban gresn manzgement znd palicies

the zir, with differential deposition baked o regarding the UiGls capacity for air palloden
mraffic roads. mitigarion.

Photirdiz x frosert Peociz, Tuscany AL Evergresn shrubs cam be effectively used 2z Provide irmights inm the compaogition of newr
Vidermmen bridmm vegetation barrier to remove PRL road UGl mo improve air gualin:.

Various tres gpecies Rimimi Bmilia- AL Querme oy acowmmlased more PM then the The findings are useful to UG design,

Fomazma other srudied species considering people’s health and sminahle
cities

Various tre= species.  Luera/Tiuscany PAE Mitigace PM capsicity it not uniform acroas Impartance of selecting apecies veith specific Mo =t al

species or searane oeits thar exthance 2ir pollugon mitgetion.

Evergrasn, Fome.Lazic O, BNL, Evergresn gpecies displayed higher PAL Spastially syplicic evidence may amsizt
deciduons removal efficiency, whereas decidnous species policymakers in land-oriented decisioms tovard = 2017
broadleaes and shovwed higher Oy zheorpdon impraving 1 =nd mevimizing B5.
comifers

Urban fores= Florence Tuscamy O, PMLg Urhan forests in Florence remove Sgnificans Heghlights the rale af wrban forests in air gualiey

Urban parks Fome,/lazic and 05, PN Totzl aomual removal Chg ha) of 1005 and Uthan parks repregem 2 moderare mnk of Farzgecal

Torin Fiamane S0 kgaf0,, 31 and 142 kg ef O, and 54 palluranes 020
and B ky of Py, Differences in polheom:
sequertration betwesn urban areas and among
Tpecies.

Evergres=n, Perrara, Bamilis- O, PMLg The Urban Green Infrastructure removed about The findings meet with the EU Biodivemsity Mloresan
deciduous Romzzma 19.8 Mg of PAL ; and 5.6 Mg of 0. rerate gy for 2090 etal | 2002
broadleaves and
comnifary

Varigus tres species  MElan/Lombardia 05, WOzand  Deciduous hroadleaves and evergresn conifers Supparts species sslection in trhan greening far

and Balogna, PAL effectively remeve zir pollumns. AT ECOsVEem ReTTiCER
Emilia-Bamagna

Urban mees and Balzanag, Trenting- Os, MO Urhan trees rempve significant ampuns of 2ir Inform wrban planming for =ir guakity
Freen Al Adige polluranes and reduce cemperanires. impravemenr and uwhan heat island mitgation
infrastrocnzre

NO2, depending on the plant’s eco-phyeiological traits, particularihy the
stomatal conductaniees {g:), == higher & promotes mereased sir poliuGon
uptzke {Manmm et 2l | 2024). In fact, mn the aties of Milan {Lombardy —
Naorthern Itzly) and Bologna (Emlis-Romagns — Central Italy), the sig-
mificant presence of deciduous broadlesves m wrban gresming was
particularly effective m remeoving NOz and Og {Zsppetelli et al 20233
While the wrhan forests in Florenee (Tuscany — Central Italy) can remove
77.0 tons of Oy anmuslly (Bottshco =t sl 2017}, the totsl eshmated air
pollubon removal by trees m Bolzano (Trenhno-Alto Adige — Northern
Italy] was 2.42 tons per year, with O bemng the most prominent air
pollut=nt removed [Russo ot =l 2016}

Evidence for the air pollution removal potential of urban greenery
remaine opbomiste vet highly uneertam, especially regarding species
tragts, local emmssion patterns, and seasonel meteorology, az well as how
vegetation 1z defined and mventoried Furthermors, assumphons
neceszary for conduchng soenbific studies, such az neglecting parbicle
requspension, wintertime physiclogical  down-regulabon, species

heterogeneity, canopy porosify, or wet scavenging, may mduce srors,
and conssquently, sstimations are prome to over- or under-sstimates.
Furthermore, species-specific Os-forming potential (OFP) can enhance
Oz and secondary acrozol formation, torning 2 potentizl service into an
ecosvetemn dissevvice. Such feghrres are moztly not considersd mothe
prezented studies; however, evidence of remarksble BVOC enmz=sion i
ormnamental species impliez an OFF far higher than the O3 removal ca-
pacity (Msnzm «tal | 2004}

Future work should eouple dynamic vegetation festures and atmo-
sphene chemistry models, mtrgrating speciez-specific traits, sessomal
ztomatsl uptake featiures. and BVOC ermissions rates, together with high-
resolution seasonal wban green imventorsy maps, and & conbnuoiz and
extensive momtorng station network, to provide empiries] long-term
momtonng dats and ensure comparable netionsl and regonsl stodies
with reduced biaz.
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42 Conrmbutions o sol quality trmprovenent

Several resrarch projects were carmed out in Iksly on the effect of
urban vegetation on =oil quality (Tsble 3. Some were dedicated to
specific soal trmitz. Por mstanee, & recent study carried out m Melan
(Morthern [tsly) simed at evalusting the =01l organic metter (S0C) stock
m the topsoil for different wrban lend uses (e, parks and non-parks}
and land covers (Le., wooded and gresslend aress), revesled higher
S0C concentration in vegeisted whan parks {79 + 24 ke m )
comparsd to other land cover fypes (unvegatated) (5.3 + 25 kg m 7,
with S0C stock values comparable with forests, pastures; and grasslands
of the zame region and higher than i croplands (Ceredel =2 =l 20507}
These results have two Dmportant conseqoences: vegstation n wban
spaces enhances the orgame matter content in the 201l and may fimeton
as a carbon sink, as also observed by other sclentists (Sei3l3 eral | 2016
The zml orgamie carbon stock in urban green spaces 1z known to be in
general lower than m natwral habriats (Lindsn et al | 2020). However,
the amount of S0OC accumulated by wrben vegetahion depends on many
other vanables including species composition, with conifers normally
acommmuilabng more SOC than broadlesves (Mo ot =l 2021), vezetsion
strocture, mixed tres-shrub dominated stand showed higher S0C con-
centration than to sngle tree or shrub domimated stand (Parvin =t =l
2025} and anthropogeric effects, management regimes such a5 adding
orgamc smendments are assumed to meresse C scoumulation m urban
sotls (Bee and Byu, 2015). Other studhes foruzed on the role of gresn
spaces mn affecting the microbial composition of the soil. Recent stadies
uiilizing DNA metsbarcoding techmgues and GC-MS analyziz assessed
the so1l quahty of urban flowerbeds in Prato (Tuscany — Central Iisly).
Thiz ressarch fomized on microbial brodiversity and the profiles of vol-
atile orgamc compound (VOC) emassions, simed at assezzmg the corre-
Iation between the compositon of the mucrobial commumity and the
paiterne of =zoil VOCs (Sillo =t 21 2024) The pomsry conclusions
mndicated that tres species found in uwrben emvironments sigraficantly
miflurnced o1l microbisl communitizz and might have facilitated the

Lrbon Foresery & Urban Grossing 115 (20051 125066

recontment of parbenlsr microbisl taxs for mstance, fimgr from the
Frevuderroimon gemas and bactenia such as Poenmtirobarter and Peevrdo-
moras, which can break down specific classes of VOCs. Other scientists
were working more on the soil biclogicsl quality of urban parke, high-
hghtimg the presenee of green spaces along with mamtaining s canopy
cover and a hitter layer az crneisl factors favourme high soal diversity of
specific ammal groups; such as Collembola (3ilano et al | 2017

Other studisz mvesbgated =soil fertility 2z & whole The use of
increasing amounts of composted sewage shidge az an amendment was
esvzinated on the soil cheries] snd phyeicsl charscterishies of three
native Mediterranean woody hedge species (Le., Rhowmes alawerms L,
Phillyrea arguztifolia L. and Myroe eorrorimes subsp. Terentina L) in Barl
[Southern Ttaly). Soil phy=rcal cheracterizbics were positively mfluenced
by the addifion of zewage shudge wath the high supply rate (Le, 45 %6),
showing an merease in both moesture and nfiliration values, thereby
inereasing the amount of water svalable for the plant m the zoi (D=
Loma stal | 2013].

Another simmlar study on the effects of compost supply on wban
Technozol n Maples {Southern Italy) veed an herbaerous spontansous
species, Maha syhvestris L, and Mediterrsnean sclerophyllous woody
plantz, Phillyres engustifolia L, and Quereus tlex L. The authers found that
compost ennichment resulted = higher noment svailabibisy and CN
ratio over ame. However, the beneficial effects on plant phy=iology and
produchwity were sigmficant only for the colonmizing and fast-growing
herbaceonz M syhrestrie bt not for sclerophyilous species, winch
hikely require & longer period to provide positive responses (Vitsle et al |
2024

A more ecolozically onented study, zimed at evaloating ccozystem
services and possible synergiez snd trade-offs betwesn different soil
properiies, was camed outin Carpd (Northemn Esst Italv) (Unzaro stal |
2022}, In this case, biclogical fertility, potential habitat for orgamzms,
water regulation and storage, soil buffering capaeity, and carbon stock
weres assessed in 'O urben gresn aress Soil orgamic carbon confent was,
on sverage, higher m urban green areas than m agricolturs] zoils. In

Table 3
Besearch projects carried out in Ialy related to the role of urban greening and soil quality.
Systems Stutded Halian Target Sml Eey Findmps Pubhe Policy Impheations Beference
City
Diifferens urben land nees (park, Bhlan,’ soil orgemic matter (B00) stockin Average S0C of urben parks was Emph the rale of vegetation aren
non-park] and covers Loanhardy the tapeoil higher than orhan non-parks; Urhan o the formation of ctable soil erxl | 2020
{wwdlm'l.d-"g:.ur{anﬂ':l pa.& showed B0C spock valuss carban srock
commparable vith forests, pestores
croplands
i} dor, Tikaspp., §. ol inurban  Pram,/ Microbial commmumities Tree species present in urhan sreas The choice of mes species may Siibo ex wl
park v flowheds Tuscamy had a sigmificars fmparct on sodl comribute to recroit specific 2024
microbial comrmumitieg microbizal tawm for degradation
of eame soil pallusns
Urban parks; Roadside gre=n and Carpi/ Bialogical fertility, povential Zail disrorbance and vegerariaon Soil in orban areas may provide Ungaso
Agriculemral fields Bmiiliz hahicet for orgamizme, vater cover denzity affect ooil fonctions the same lewel of biclogical e sl 2027
Frmagna regularion 2nd storage; soil gualicy as agricoloare] or forest
tuffering capasity and carbon saila
smck
Herogardening nadve shrob Bari/Apulis  Physical {Colour, Maizaare) and Pogitive affect of cewage slndge Hadge ssrablichment haged on
species (Rhommus olsterms, chemical (Flecmical condhactivity,  application on soil characreristics the use of composted sludge iz
Fhillyres ougustifolic, and Myres Total crganic marter, pH Torzl frazible snd helpful m mitigate
coprnrts subep. Tar=ntina) nitrogen, P, Macronumrient and the emironmental tmpact of
subjeceed oo amendment wich hezvy mewls) organic wase disposzl
s=vage sludgpe
Egil propertes along the Fisa, N0, emisions, pH, BC, TOC, and =~ Bnbemced N cycles and 50C Vegetared pemni-namiral and Vammcrhi
urhanizxtion gradient ona Livorno/ TN 57C and 5 *N in ccdl and degradarion rates in wrban and peri-  natural aresc can aeraes godl st =l 2025
vegemeon dominated by Tmcamy plan: Brter, and encymatic trban sites compared to marnral carbon lncses
dex acdvities sit=z
Technooal with Mahe syhvestris Maples pH, sail vater conten: (5WC], Higher matrient availabiliey and ©7 Compoat iz very nutahle for Witnle et al |
and Meditgerranean Carnpania tomal carhon (05}, nicogen (Ma), I rario gver dme Positive effecton amelicrasing the quabioy of 2024
sclerophyllous woody plans and their mtio (0/24E), soluble plant plywiclogy anly for Technoeols in urban gresning
Philbyrer ogeseifolia, and carban Sol Ca), nitrogen (Sal M syheoiris

Chuoreie o N5, and their ratia (Sal C/NsE)
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addibion, vegetated uwrban soil showed a decrease in ninoff coefficient of
the nli-up emnronment compared to vegetation, highhghting the
relevance of protecting aress of unsealed urban soals that can positively
contribute to the mansgement of urban storm waters. Also the mam
mdexes for 201l Biologicsl Pertility and Biological Qushity was higsher m
vegetated urban aress comparsd to the other green types, upporimg the
idea that natural conditions and sustzinsble z01l mansgement can sup-
port zoil heslth in wrben ares while, dishirhences factors such as traffic,
compachon, or frequent miervenhions can negabively affect zo1l health.
The study also chowed that urban parks act 8=z a biodiversity pool m
urban areas, suggesting that the soulz of urban zreen areas may provide
the same level of biclogical guslity 2= natura] =oils.

The cheange mn zoil functional properiies and traits (1=, NOz emis-
mions, pH, EC, TOC, TN, enzymatic activiies, §°C, and §°N in zoil and
plant litter], along an urbanizeton gradient was assessed n thres sites
with diffevent degrees of uwbamezstion {ie., natoral periirban. and
wrban), dominated by Querens e L, sround tvo towns (e, Piza and
Livormo m Central Italy). Results showed more rapad N cycles and
orgamic matter degradation rates, sz well == nitrification and denitnfi-
cation 1 urban and peri-urban zites a5 opposed to natural sites, thereby
highhkghiing the important contribufion of vegetated semi-natural areas
to attenuate zoil carbon logsez {Vanmuecht = gl | 2025)

Overall most of these stndiezs highlight that wben wegetebon
Italy, in particulsr wban forests. may signuificantly promote speeific
eonsvetem services related to sol, meluding regulating services (zuch a=
carbon sequestration) and supporting services (such a5 zeoil formaton

1. FlorTree - Manzini et al. 2023
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and habitats for wildlife]). Thiz i= m hne with recent stndies thet report
urban gresnspaces and nearby natursl areas support similar levels of zoil
ecosvstem servicess. In fact, recent findings show that urban sreenspaces
are more similar to natoral enviromments than previcusly thought
{Eldnidge =t al., 2024). This highlights the mmportance of mansmng
urban greenspaces for both supporting mrmitple ecosystem serviess and
their zocial and recreational valne.

5. Gase situdies

This section presents two complementary case stodies illustranng the
effectivensss of urben vegetation in pollution control scrosz different
emvirormental compartments. Section 5.1 138 novel mtegrative shady
conducted m Florence (Central Italy) that evaloates wban gresnery
capacity to reduce somosphenc concentrations of Og, NO-, and PM;..
Sechiom 5 2 synthesizes multiple spplied studies carvied out across Italy,
foensing on the use of plant species for phytoremediation of contamm-
niated wrban sols: Together, these case stodies 1mderscore the mulis-
faceted role of vegetation in Improving urban environments.

5.1. Effecovenesz in applying tmovamve whan planming strategies o
Trprove arr gualiey: Florence ease study
A new strategy for urban sreenery planning iz proposed here, which

umifies two recently developed mmnovative methodologies. The first one
is the FlorTree model (Manmim ot 2l | 2023), 5 species-speeific approach

2. Urban green mapping Sicard et al. 2023

Compile species traits

(mamholagy, physiology, PM
captura, bVOC emissions)

Compute pollutant Muxes (Cy,
NOs, PMya) via depasition
velocity models

Calculate O, forming potential
and Net O, removal

Score and classify
{03 per pollutant)
3. Combining methods

Liss Ihe specias map as the
spatial basaling

Create two layers: growing
and dormant season

Give each species a color
based on its FlorTrae score

i Pre-procass
Acquire imagery | | Atmospheric correcti
VHR muiti spactral | Spatial m:;:ﬂmn 0
: [

» Speciral and Texture Attributes Extraction

|
Training mode! and vaiidation

Urban trea

Comelate air pollutant
values with tho
summed FlorTree

| SCOMes

Flg. 1. Flowchart of the medtodolegy used for Florence case smdy.

]
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that foruzes on multiple parameters, such 2= maomum g, BVOC enms-
=mions, and leaf trait-based deposibon velomty, to classify the air pollo-
ton removal capacity of hundreds of plant species. The second 15 the
wurban green mapping method, published by Sicsrd ot 2l [2023) and
Lopez et al (2025), which 1= an efficrent satellite-based approach n=ing
high speciral and speiial resolunon satelhte Tmagery to identify plant
species within urban contexts (accurecy rate of 83 %6} For the case study
presented im thiz publication, both methods were combined to verify
urban greenery” potential to cope with the target air pollutant= 05, NO-,
and PAypin the vrban ares of Florence (Central Italv). The flowchsri of
the procedures 1= shown in Fiz 1.

Imitizlly, the distnbution of tree species 1dentified in the oty of
Florence (Fiz. 2] enabled the cla=zification of the tree species based on
the seores muggesied by FlorTree. Accordimg to the model ascoreof 0,1,
2, or 3 was aszigned to each species to rank itz capebility to remove O,
N0, =nd PM; 4. The clzesfication was done using the QGIS software for
both the growmg (Fiz. 2A) snd the dormant {Fiz 2B) seazsons, &5 for the
dormsant seszon;, the deciduous species were removed from the sconmg.

Aar guality monitoring data from stations i Florence belonging to
the Regionsl Ageney for Environments] Protection of Tuscany [ARPAT)
and the sovironmental momtorng stabeons (MS] from the Awrgno
platform  (hitpewerw anqinoateny] were =elected. The  average
bowrly concentrations of O3 {Fiz. 3C and G} and NOy (Fig. 4C and G},
along with the daily average concentration of P, (Fiz. 5C and G}

Growling season

e -1 Vil 1

*'F*,E
3 i
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durmz the growmg and dormsant seasomz of 2022, were chozen to
imvestigste the correlation between pollutsnt levels and the FlorTres
scors,. teking mto account varous distances fom the monitoring
ztshons.

Az & common spabsl scale emploved moair pollution dizpersion
models 1= the mcroscals (Le, 10-500m, Tiwan =t 21, 2019), cirenlar
buffer zones swrounding the sir pollubon statioms m both climabe
zeazons {growing and dormant} we chosen to categorized spatis] zesles
(Vemtzr =t 5l 3024} of street-level (50 m) and different borough-level=
(100, 200, and 500 m}.

The totzl coverage arca corresponding to cach speoies was calen-
lated The totzl coverasge ares was divided by the canopy ares of a
matire tree for esch spemes e g, if the total coversge area of a'zpeciesis
100 m”, and an adult maturs tree has = 10 o7 cenopy area, then, if the
FlorTree score 15 3 for this species, this area will compute 30 points, even
1f compaosed of more or fewer than 3 mdinidusls. The totz]l FlorTree seore
swrrounding the monitoring station was compubed for the target air
pollutants Oy (Fiz 3B and F}, NO= (Fiz 4B and F}, and PM;s (Fig SBand
FlL

Correlations between pollutent concentrabons and PlorTree scores
were tested with Pearson®s correlstion cosfficient; associstons with p
= 0.05 wers conzidered not sigmaficant, and no addibonal covariates or
transformatons were apphisd. Temporal and spatial vemsbility were
handled by uzing only complete, gap free senes (no gap filling) restrieted

‘Juoi'r
ﬁ?

R Acer spp, 1
B Aesculus hippocastanium
B Adanthus alfissima
I Cedrus spp. 2
I Colis ausirahs
B Cercis sillguasirum
Cupresaus sempeninens
B Fraxinus spp. 3
B Ligustrinm spp. 4
B Clea suropaea
I Finus spp. 5
Platanus acarifola
B Popedus spp. 6
BN Prumus spp. 7
B Quercus app. 6
Bl Robin'a psewdoacacia
| Tilia eurcpaen
Il Limus sp0. 9

1 AQE CATDIIFE, A, Negendn,
A pila raales

Fig: 2. Tree inventory of Florenece city, Ialy, dunng the growing and dormant seasons. Deciduons spectes were excluded in the dormant season
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reprezent the relationship between local hourly Og levels and the removal performanee of nearby vegetation. Section: A-D portoay the dormant seazon, whereas

zections E-H correspond to the growing season.

to the summer growing season (from 21t Jun to 215t September 2022)
and winter dormant season of 2022 (from 1zt January to 21zt March
2027}, and by applying the 50, 100, 200, and 500 m buffsrz desenbed
above; days/stations with missng or flagged valoes were excluded to
urban form) were not exphoitly sccounted for; instesd. only monitormg
stations kocated inside the urban zone were retained to lmit external
wvariability.

S1.1. OzZone

10

species not mdicated for removing O3 (FlorTree zcore = 0, Fiz. 2A and
B}, as they are mostly repressnted by largs aress covered by the ever-
green species (. tlex, which 15 & high monoterpens enutter (emizsion rate
range: 6-58 g/ Eaw/h; Strect et 2l 1997 and thos can contribute to the
Iocal Oz formshon (Calfzmetys et 2l 2013; Frizly et a1, 2010)

Az expected, the Oz levels follow g deily trend, with the highest
valoes recorded dunng the srowing season, specifically from mudday to
& pm {Fig. 3C), resching hour averages above 40 ppb. O=zone levels are
much lower durng the dormsant z=sson (Fiz. 3G), with vslo=s not
reaching 40 ppb throughout the day and wath lesz variahility among
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Flg. 4. Panelz A and E show the spanal distribution of vegetation eaparity to absorb mirogen dicoade (MO02) in Florence. Panels B and F indicate FlorTree scores hased
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=zections E-H correspond to the growing season.

bours.

We verified that Iower FlorTree scoring were related to low levels of
03 (p = 0.05, for the growing zeazon), suggeshing that tree zelecton can
sigmificantly mfluenee loesl air gushiy, with the effect varving between
the hours depending on the distanee between the morstonng stations
[Fiz. 3H]. As huighlighted in broader research, the capecity of urban
forests to remove O 15 influenced by tree type, canopy structore. and
environmental condibons (Sicard et =l 2018), =nd =electing the
appropriste specics can mgmficently enhanee the effechvensss of this
wvaliable air quality improvement strategy (Sicerd =f al, 2022). Duning
the dormiant sesson, the comelations were not significant (Fiz. 2D,

11

5.1:2. Mirogen dicxide

The Florence mapping classifving the vegetation cepacity for NOz
removal shows that the city area snalyzed iz mostly covered by tree
species indicated for NO: removal (FlorTree score = 3, Fiz. 4A and E)
The zcoring (Fiz 4B and F) iz mostly atiributed to the large sreas
covered by the species . ilex, Tiliz =pp., and Geltz spp. These species
present high stomatal ratez and, thus, high NO; uptake.

The NO, levels follow z daily trend, with the highest values rems-
tered durmg the dormant =z=azon from & to 10 am and 6 and 8 pm,
possibly related to vehicular emizsion during rush hours and heating
zystemns (Fiz 4C). During the growing seazon, the levels declme, and the
piclks are mot cle=ar {Fig. 4G}. However, the variaton of NO; l=vels
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Fig. 5. Panelz A and E show the spadal dismibution of vege@bon capacity to acoumulate particnlate matter {Phd:p) in Florence. Panelz B and F indicate FlorTree
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eeason, whereas sections E-H comrespond to the qrowing seascn.

betwesn the monitoring ztsfions can be conmidered large, with vahoes
ranging from 4 to 24 pz/m° in the growing zeason and 16-33 pe/m”
during the dormant seasom.

We verified & negaiive correlation between the FlorTres sconng and
the levelz of NO; during all daily hours in the summer sesson of 2022,
with statiztical significance (p < 0.05) for sll howrs considering the
distance of 500 m from the monitorng stations, varying between the
bours depending on the from the momitoning stationz {Fiz. 4H). During
the dormant seszon, the correlshons were posibive but significant

12

{p = 0.03) only durng the first hours 1n the momimg (Fiz 4D}, pos=ibly
indicating a dispersion izsue when NOs levels are higher.

5.1.3. Poroculate marter

To evaluste the efficacy of urban greenery in mitigating PM; 5 con-
cenirafions in the stmosphere, the datasst was strabfied mto four cat-
egories bazed on PV levels. The first category {low) includes instances
where at least three of the five monitoring stations recorded Pz levels
below 15 pe/m”. The second catesory (mid-low] encompasses instances
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whers at least three of the five monitoring stations reported PM;q con-
centrations between 16 end 20 pg/mc. The third category (mid-high)
conzists of instances where at least thres of the five monitorimy stabions
obeerved PMy, levels betiveen 21 and 30 pg/m’. Finally, the fourth
catezory (high) meludes metances where at least three of the five
monitoring stations measured PM; ; concentrations excesding 30 pgimc.
For PM;g, a negative correlation (p < 0.001 ) was observed when the
PAL, levels wers low. When high levels of PM; o were registered, the
correlation was pombve (p < 0.01), mmdicating a decrease in PMyg
dispersion due to the high density of the plant canopy (Fig. 3).

52 Urban vegeranon a= a tool for zoil pollution control derough
phytoremediation: caze studies e Tealy

So1l contamination, 15 a global widespread concern affecting both
mdustrislized and non-industrislized countries, which 1= extremely
harmifnl to both human and enmvironmentsl health These so-called
“brownfields" represent a complex 1=mae for urban mansgers. Becayss
of the low economic value of these sites, many have not been claimed for
ownership or development, thereby resulting m 2 lack of knowleadge
about contammation levels @ polhoted soilz [Wanz =t al
Brownfields ususlly confsin 2 complex mix of compounds, mamly
orgemc and morganic pollutants. Traditional brownfield remediation
and redevelopment approsches sre based on high-maintenances tech-
miques {eg, excavation and off-site disposal thernmsl descrpbon,
chermeal trestments, solidificstionstabih=ation), which show high
reclamation performances but are in meny cases expensive and display a
high environmentsl footprnt (Hou =t =i, 2023} Dus to these short-
comungs, new approaches have been proposed for manamng these sreas.
One of the most promising 1= phytoremediation becauze of 1= low
environmental footprnt, operationsl cost, igh social scceptability, and
potential to provide seversl ecosystem serviess [(Guidi Nizssim
2022} The technology 1= very smmple, relyang basically on ].wm,g p]ants
and their szsociated rhizosphers and endophyiic microorgamsms to
clean up (1.e, degradation, removal, or stabilizabon) polluted soil
However, sperific aspects, including the long time taken to achieve
remedistion goals, often bt itr appheation on a real fisld seale

Five msin phytoremedistion: spproaches sre possible based on the
nature of the contaminant and the mmteraction esteblizhed with the plant
masfrly, 000} Inorgame contsmunants, such as metallods and
h:avl.- m.:ta]s are either taken up by the roots, translocated to asrisl
parts (zhoots and lesves) and removed off site (phytosxtracton) or their
zolubility and mobility within the rhizosphere can be dramatically
reduced by the producbion of specific metabohites by the plant roots
(phytostabilization}. Orgamc contsminants sre mainly targeted with
degradation or volatilization strategies. The former (phytodegradation)
iz frequently azmisted by mucroorganizms take-up and transformation of
contaminants mmto less harmfol compounds. The latter (phytovolanb-
zabion) ocorurs when plantz can take up the pollutant and transpere it to
the atmosphere az 2 gss, henes removing 1t from the site. Ancther
common techmique 1= rhizodsgradation, where soil conteminants are
broken down by externsl plant processes mediated by microbial schvaty,
and the plant baseally sustaine these communities by providing
nnirients:

Liany plant species have been mvestigated for phytoremediztion
most of them belonging to different families and having different
hahitis: In & recent review, Capusns (2020) recorded more than 80
ormamental species commonly used Inurban gresmmg, which have been
proven suitable for zome type of phytoremedishon Among them 23
frees, 11 shrubz, and 27 herbaceous species are mntable for phyvtor-
emedistion of Inorgaree polhotants, whereasz 6 trees, 3 shrubs, and 17
herbaceous species are suitable for remediation of orgame pollutant=.
Noteworthy iz that zome zpecies represent common gpecies i urben
green mirastrisetures. For mstanee, frees hlke Betnln perdula Roth., Cm-
nomonmon camphora (1) J. Presl, Bueclvpte comaldulensiz Dehnh |
Frovarue excelnor L, Populue alba L., Populus ragra L., Sahx vimenale L

LR )
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frequently used i urban gardens and parks, show zome efficiency
heavy metal phyioextraction or phytostsbilization Lilewwise, zome
common shrubs belonming to the genus Loracera, Buddlea, Buonoms,
and Oenmnthies show an avenoe for heavy metsl phytoremedistion in
urkan settimgz. The choice of herbeceons plants for phyvtoremediation of
Inorganc compounds 15 alo very wide, and many reported speces (o2,

Amarantoe coudooe L, Heliontoe arowees L, s peendororus L., Sabia

splemiderer Sellow ex Nees, Tageter erectn L, Sedim alfredi Hanee) are
commonly weed m urban parks for ther high sesthetic vahie Trees
belonging to the Salicaceas famly (Populus: and Salix) are ako very
efficient as phytoremediation of organic compounds {e.g., herbacides,
TCE, PAH, PCB} == well a= some zhrubs (Cytisur stricme (Hell) Rothm
Nerwrn oleander L) and herbaceons plants (Aster omellier L., Diomthues
chinersiz L Lolirm arundinarersn {Schreb.) Darbysh. and Medirago sativa
L

In Itsly, =01l contsmmation affects shout 4650 brownfizld sites
spread out mseveral regions {Aranes et al | 2021}, often within or mn the
neighbourhoods of ez, This has sivmalated in the Isst decades the
application of different technologizs in z=veral regions, some of them
providing valusble soenhfic miormanon (Table 4).

Very few stodies carmied out i Ialy have deslt specifically wath
phytoremediztion of orgame contsmnants at 3 feld scale. A rhazor-
emediation approach using different poplar (Populuz =pp.) clones and
bacterial strain= in the Flume Szcco Valley nesr Rome, polluted by
hexzchlororyelohexans (HCH]), reported a significant decrease (- 57 %)
1n 501l y-HCH concendration after two years (Biancom 2011

Ahigher number of spphied field studies have been :Dnduu:b:dm Itzly
on zitez polluted by norgame contammantz. Four species, including
Popuihiz = conadensis Moench, Saliv motsudonn Heoadr., Medicago samva L
end Gousbir satnva L., wers tested for the phytoextraction of Cu, Pb, and
Zn on a sibe belonging to the kahian Navy Bace located mn Southern Italy.
Poplar and willow were sble to exiract and accomulate the highest
amoumt of Zn (3200 and 5200 g ha Y year ', recpectively] and Cu {182
znd 116 gha ' year ), wheress hemp, with 36 gha * vear °, showed
the best phytoexirachon potential for Pb (Gundi Mizmmm =t 2l . 201 8). The
zame authors aleo reported thet despite these posihve results, the totsl
concentration of ol frace elements was not sigmificantly reduced afer 2
yvears, lighlighting mmportant challenges to be addressed by further
mvestigetion Another study was conducted nesr Veniee (Porto Mar-
ghera)l contammated by tome elements (Cd, Heg, Zn) u=ing two agro-
nomc plant species with high annusl omass vield (Hehanthas aoones
L., Brasaca jurcea (L.} Czern} and chelating agents {Goan:s

llo, 201 7). Brassiea funcea was able to remove =il pollstents more than
twice compered to H owoms: Alse, adding EDTA and Ammonium
Thiosulfate positively enhanced the phytosdraction rates of all polhut-
ants. Also, species from the Poaceas famly have been tested for soil
phytoextraction of inorgsnic pollutants. Giant reed (Anmdo donax L.}
mmocilated with Trichoderma harsiarmem AS was successhully n=ed for the
removal of Cd from 5 poliuted zo1l near Naples (Fiorentino =2 a1, 207 3).
The same species, along with switchgrass (Poucwm wwaooom L.j and
mivwed spontsneous mesdows, was also imveshgsted in snother frial
carmed out mm Morthern RRaly {Bresciz) on the Caffaro ares to remove
heavy metals from the soil. Anmdo donoye was the best chotes for phy-
toextracton, being able to take up the ghest amounts of Zn end Cu
[3.587 and 2.09 kg ha , respectively), also providing = valusble amownt
of biomass that could be potentially used for enersy purposes [Danelh
ebal 2021}

Other information onginetes from field studies camed oot on sitez
charactenized by mixed (ie., orgamc snd morganic) contsrmination. The
Momvizo (B generosa ® Pl regra) poplar clone was uzed on & very polluted
zite located in the city of Taranto (Southern Italy) characterized by the
co-ooowrrence of organic (FBC) and morganic (Heavy Detal - HAMI
contaminstion. Results show that 2.5 years sfter planting 2 zignificant
decr=aze m the overall sml HM concentration was obssrved compared to
the mutial valuss, highlighting HM concentrations under the national
regulatory thresholds. Moreowver, the poplar hybrid genotypes Monviso

no ansd Srasr-
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Table 4
The main rezearch projects on phytoremediation carried out in faly oo a fisld ecale.
Systems Sheed Tialian Pollutant  Target Sod Phytoremediabion Kew Findmge Public Policy Refer=nce
City,/ pollutan: approach Impleationa
:

Rhizoremediation of =ail Valle dal Organic Haxz- Ehiroremediation Sigmificant decresse in Emphazize thae Bisnrord ecal,
conmaminawed vith Eacco /! chlorooyclohexane Phytodegradation soil y-HCH improvemer: of the am1l
hemachlorocycloherme Lazia HCH) copcamranan aftsr i
fHCH] ipamears CWD Fears

H:m'vm.emlmzn:iun!m Taxanm/ Inorgamic . Ph. Tn Fhytosxtracdan anlz'a'ndwﬂ]m:m
Poprher = conadanss, Apuliz able 1o exract and hili
Sk maroidoma, Medisgen accurmilase the highest  the plat 2re agcencal 1o
setive and Corabis sotfva amouns of In and Cu, fncreage the

wherear hemp chow functionality of the
the besr Tyetemn
phyroezmaction

potential for Ph.

Fhytoremediation using Foro Incrgenic  Cd, Hy, In Phytoexmactdon B, mmwss & 2ble w The increage of (Fuanno =nd
Hdimndhmr anmems smd Marghera/ memove more than higarailable fracdon of Srimayifin
Brassica juncea and Veneto twice than F oo imlby toodic o7
dﬂmugngnﬂmn EDTA and Ammenivm elements in sail by
rmldromaminated Thiceulfate are= zdding eymhetic
induserial s favorahle for chelator cam be reduced

enthancing heavy memal  effectively in a dhore

phrytoexmaction period of dme, and with
the affordable costs of
practices

Giant read [Arundo doned) Arcemra Incrganic od P}rjmliun Siant read iz suitabls Purther reganrch iz Flarentmno
in amociation with Campania for amietad neaded 10 aszem the erml 2013
Trichoderma horiomm phvtoremediation with  residual effecs of de
and compoat fertilization the use of compon rrearmens on O
for Cd ghy i fertilicasion and bicaailabilicy and an

T. Faorsfomen the phytoremediacion
efficiency in the long
term

Giant reed svsirchgrass Breacia Inprganic  Hesvy metls Phytoexmracton Giant reed wes the best Pomibility to use the Diamell: o al
{Pordimmm virsoso), 2nd Losohardy perfarming species far bigmzsz for hicenersw 3031
mixed spontan=ous In and Cu
phytoremediation of
hazey meatals and hicmass
production

P ooowrosa o Potgrmoneoil  Taramem) Mixad FBC, Heavy metals Phytodegradasion, Monviso promoted Understanding of che Ancone e al
contaminated by PBC and Apulia Fhptostzbiliztion PCH degradation and plent-microhial 2017 Amcoma
Hns HM seabilization comsortia In the ecal 2020

rhizogphere will Ancone es 2l
enhance pur abiliog to I021
engineer plans for

phytosrategic prposes

The phytoremediation of an. San Mixad In, Ph, cd G, <o, Phytodegradasion, Pondonria tomenioss The remediation process
orgenic and inorganic Giuliang Cr, TFH, PCH Fhytoextracion #nd Popuhes dha were iz efficient both in teroms
polluced soil wing Popufes Terme! the most efficiens of conmminent remaval
afha, Cytigis seoparins and - Toscamy gpecies 2nd in ooil quabing

Fhytoremadiarion of Livoana/ Iiiz=d TPH and Heawy Phytodegradasion, Sigmificant reduction Flanrroor actvity hisscisndarn
dredged marine sedimenr  Tuscamy metals Phymoextractdon In ComEminAnTE vas promored the sadimens exal 7034

obtained in planted remsformation into &
sedimen= soil-like matrix

promoted PCE degradation through rhizodegradstion opersted by
several oecurring bacteris sble to transtorm PCBs. These findings sug-
gested that thiz hybrid can be used for sfficient control of HM phytos-
tabilizstion and PCB phyto/rfhizodesradstion (Ancons et al | 2017
Ancons ot al, 2020, Ancona et al, 2021). Another experienice was
conducted in Central Taly (Pisa)} nsing three commeon urban crnamental
plant species, Populuz alba L, Cvesus seopartus (L) Link  and Poudowrne
tomenitosa { Thanb.) Stend. |, on a sodl polluted by HME (Zn, Pb, Cd, NL, Cu,
Cr), TPHz, and PCBs. Poulowrga fomentosa and Populir alba were the
most cfficient speciez In contaminant removzal sugeeshng themr sint-
ability a= species for phytoremediabon of uwrban polluted zoils (Macs
. 2016}, Finally, phytoremediation has been investigated in Italy for

ctal
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the reclamation of polluted dredged manne sediments. Dofferent trials
were carried out aroumd the port of Livorno in Central Tesly, showing the
potential of different plant specisz (Paspalion vamnonm Sw., Spartum

qureceron: L, Tamaree galbea L) and combinsfions i contaming both

organic {TPHz) and mnorgamc (HM) pollutants (Domm =t 2l |
candste ot 8l 3014; Dom ot 2l | Z015)

This overview highlights artive resesvch m phytoremedizfion in
many Italian remions, slso showing that considerable rezearch efforts sre
currently addreszed to eveloate the performance of these technologies
under sctus] field condibons. In sddifion, in the last few yests, the use of
plant= for the reclamanon of urban brownfizlds has been conmiderad aza
tool to provide ecosystem services. Inothis regard, more research 1=

201 3; Ngs-
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needed m the bafure to aszess the actus] role of s technology en
several envirommental (snd seomomical) benefits potentially provided
mciuding soal quality and regenerstion, regulsing wrban temperature,
wrban hydrology, carbon zequestraiion, air pollution control nodse
attenuation, and social benefitz alzo evalusting potentisl disservices
related to releaze of specific BVOC and allergemes mn the atmosphere m
urban sethngs {(Gmd Nissim, Labrecgue. 2037

6. Conclesions

Thus resaew presents the erocial role of urban greenery in improving
air snd zeil quslity in Ikaly and highlights the importance of ncorpo-
healthier citiez.

Scientific knowledge regarding uwrban green ecosvstem services en-
ables us to look st urban green 2z an effective strategy for pellufon
mitigsbion across different wrban contexts. Considermg the close re-
Iationshipe and interdependeneies between siv and so1l compartments m
urban settings, urban forestry planning stratemes shonld consider both
elements to ensure the hezith of vegetehion and maximize it effecks on
pollution redurtion. However, severs] lmmitations remam insufficiently
guantfied, such a: (1} cmpinesl stodies net well  geographically
dizstnbuted, {2} experiments often of short dursfion, and (3} potential
urban green disservicez, including; the presence of high BVOC emizzion
species, that may exacerbate O, formsbon; wee of allergeric pollen
species; or redueed polhiteant dispersion wnder dense canopiss. Futher-
more, Wnoertaintics mn soll contamnant baselmes and the long term
required for effective phytoremediation further constrain the general-
ization of these resulis.

Based on the evidence reviewed, we recommend for policy and
practice to {1) discuss and promote long term momitoring networks,
ezpecially to verify the capaaty to cope sir pollvhon and mmprove =odl
qualty m new GI; (2) optimize species z=lection bassd on zetentific
evidences and following dedicated gundebmes; {3) creste participatory
governancs and dedicated funding streams to ensure maintenance, rizk
management snd adaptive mansgement that address emerging climste
stresses.

Future research should address key gape and implementation chal-
lemgezs by developing coupled stmosphere-soll-egetation models, as
well as stendardizing metricz and protocols for measuring pollutsnt
removal and ol recovery. Addinonal priornes melude sdvemems high-
rezolution species mapping tools for decizion support. Addressing these
challenges will improve sealability, reduce uncertainty-and help flly
reahize the pollution-mibigston potental of urban vegetation.
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