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Use of evergreen shrub barriers to reduce pollution
by traffic: a long-term experiment to study the
dynamics of fine particles during different seasons
and in different environmental situations
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Particulate matter (PM)is the principal air pollutant composed of solid and liquid substances as heavy metals,
black carbon, polycyclic aromatic hydrocarbons (PAH) and other substances
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Yacong Bo. Hypertension. Dynamic Changes in Long-Term Exposure to Ambient Particulate Matter and Incidence of Hypertension in Adults,
Volume: 74, Issue: 3, Pages: 669-677, DOI: (10.1161/HY PERTENSIONAHA.119.13212)

Premature mortality due to air pollution in European cities: (1)

High Risk of hypertension a health impact assessment
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Plants improve air quality by adsorption and absorption of air pollutants
on their surfaces and in their tissues.
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The position and structure of the vegetation are very important for pollution abatement

PM in Airflow
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First experiment (Progetto MIA-MIPAAF)

Characterization of 7 evergreen plant species for their air pollution mitigation capacity

M&M

-Plants in open field, disposed in two belts (28x5
m), adjacent to a 4-lanes road

-Leaf metal deposition (Zn, Cd, Pb, Ni, Cu)
during 3 samplings (June, August, October)
-Content of metals in rainwater collected at the
base of the different species

-Growth parameters (biomass, leaf area, height
of plants, crown diameter, LAI)

-Relation between metal deposition and
meteorological parameters
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First experiment - Metal adsorption per unit leaf area
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First experiment - Metal adsorption of the whole plant

Leaf area differed among species: E. xebbingeihad, on average, two- or three-times larger leaf area if compared
to the other species
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Results

 E. x ebbingei, V. lucidum and L. japonicum showed the highest Pb deposition per unit area
(1.9 -2.3 x 103 ug cm-2). E. x ebbingei showed the highest values per whole plant.

 E. x ebbingei, had the highest whole plant leaf accumulation of almost all the measured metals
mainly due to the faster and higher growth.

* Rain and Wind speed were found to influence the metal deposition (Data not shown).

E. xebbingei L. japonicum V. lucidum
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Carbon Uptake and Air Pollution Mitigation of
Different Evergreen Shrub Species

T
Urban Forestry & Urban Greening
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Second experiment: Air pollution deposition on a roadside vegetation barrier in a Mediterranean
environment: Combined effect of evergreen shrubspecies and planting density

AB)_

Lawn strip 40m Via'deilFiori™"""Barrier = fip

512q|vi|bapiel

Leaf deposition® of PMio_1gh: PMs 516, PMoJ 25 and High density 40m Low density 40m
of 21 glements was' investigated in. a roadside

(4 '] vegetation barrier fomed \by i) two evergreen |, Barrier section 5x5m Barrier section 5x5m
L=t shrub  species| (Photiniax fraseri, " . Viburnum {5 i\ Bordering shrubs

lueidum), with jii) two -planting ‘densities (0.5, e e ~ e =

1.0 plantm~2), at iii.? three distances from the road

(2.0, 5.5, 9.0 m)ifat iv) two" heights. from. the®|

ground (1.5, 3.0m), and on v) three dates {Aug,

Sep; Oct). . -

Low density
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e V. lucidum had more PM, 5 10 and PM; o5 5 on leaves than P, x fraseri, while most
elements were higherin P. x fraseri.

* Most pollutants decreased at increasing distances from the road and were higher
at 1.5m from the ground compared to 3.0 m.

w e P
i Ao ik i .~ 1 < Higher planting density in P. xfraseri enhanced the deposition of PMig_190 and
PM5.10, Whilein V. lucidum,the planting densitydid not affect the depositions.

oy el de{sasen g readale ywprls e bae moa
byl e an rrveery . Uiormbaiend rfien ol pverprorn drud
T..“-f“':?m.i T * Black PM;g 190 decreased a long distance from the road and was entirely

e — m—————— composed of carbon and oxygen, which was thus identified as black carbon

== —————— from fuel combustion.

* The vegetation barrier had a higher deposition of most PM fractions at 5.5-12.5m,
while in the lawn area, depositions did not change. At 19.5m, the PM;¢_4o0 Was
32% lower behind the barrier than in the lawn area.

* In conclusion, the vegetation barrier changed the deposition dynamics of pollutants
compared to the lawn area. These results strengthen the role of vegetation barriers
and shrub species against air pollution and may offer interesting insights for the
use of new road green infrastructures toimprove air quality.
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Third experiment:
Comparing different methodologies to quantify particulate matters accumulation on plant leaves funded

by Fondazione Cassa di Risparmio di Lucca

Different methodologies for quantifying PMx were compared HOW IT WORKS
Polluted nir
PMx quantification methods: -l

barrier

1. Microscopical analysis
2. Filtration methods

Leaf trait were correlated to the species capacity to accumulate PMx g Pl e
fifrered out

by he laves,
Leaf traits: s ualip
1. Leaf area (LA) -
2. specific leaf area (SLA)
3. leaf dissection index (LDI)

4. leaf roundness
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Microscopical analysis Filtration methods
Particle analysis using Image)
BEB0119
— imbto in et
A sx.: Particle analysis . Ry
using ImageJ: images i i vee g
obtained by an optical / s
O-ring in Viton

microscope leaves
analysis were used to
identify Pmx.

HRA3003
= Attacco con O-ring

A dx.: Filtration was \
carried out using an \

EFE 32005
{0-ring in Viton
HIE 002

apparatus equipped base in vetra
with a 47 mm glass I S
filter funnel connected ™ beuta da wsto

to a vacuum pump. S >
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Fromthe 32 species collected, 16 presented more them 1% of leaf area covered with PMx and were selected for
the filtration methods
= I3

PMx divided by the L. nobiis
particle size O eupasa

Percentage of leaf surface
covered to PMx (%)

Total
=10prm

[ ]25-10pm
B 2C-25um
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Total Patx (g em?) Leal coverd with PMx (%)
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100
y=2373x-528 . . .
o072 —_—— Regression analysis between both methodologies
p-l:
80, -The linear regression between both analyses
| presented a high coefficient of determination (R?
i S A = (0.72), a statistical significance of p > 0.001.
T 60
2 A @ L. noils -Both methodologies are comparable at least
5 D when the leaves accumulate more than 1% of
Bapy| Asmetadim® leaf-covered with PMx.
@ A. campestre
20 . .
P.gegf@ @0l w10l & o o - Leaves with less the than 1% of leaf-covered
5. cinerea = 0 - P
201 P sermulata £ °s&———| | with PMx could present a not significant
@ Q Hex -10 o* . . .
ol regression due to an underestimation of the
@ R. chinensis 5 30 &5 6 75 analysis with an optical microscope.
0 3 " ; —
0 1 2 3 4 5

Leaf coverd with PMsx (%)
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Leaf traits

Species Leafarea Specific leaf area Leaf dissection index Leaf
(LA) (SLA) (LDI) roundness

E. japonicus 5.59 7.49 6.35 0.62
L. lucidum 27.57 6.49 5.00 0.43
A. glutinosa 54.81 14.03 5.53 1.00
Three leaves R. ulmifolius 6.37 9.29 4.97 0.39
L. nobilis 19.27 8.17 5.16 0.29
R Sample O. europaea 5.19 7.15 6.60 0.17
were analysed T. americana 47.39 18.69 6.65 0.83
using ImageJ, A. saccharinum 46.63 12.65 12.29 0.50
. A. campestre 32.85 14.22 5.79 0.68
measurmg the T. cordata 75.56 15.95 6.13 0.99
leaf traits P. laurocerasus 85.48 8.52 5.09 0.36
shown in the P. nigra 39.02 12.08 7.29 0.77
table. S. cinerea 33.44 9.72 6.04 0.45
P. serrulata 2942 8.17 4 .85 0.56
0. ilex 12.11 9.57 5.42 0.41
R. chinensis 8.21 21.20 4.71 0.60

Species highlighted are those selectedto the multiple regression analysis
(they were collected atthe same place and time)
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Multiple linear regression between PMx parameters and leaf traits, (p-value < 0.1)
A combination in the leaf traits influenced the PMx accumulation

. Variable Correlation R® p-level -The % PMx was positively correlated with
Yo PMx LA ) 0.26 0.072 leaf roundness and negativelycorrelated
e o bR inlamdsia |
Leaf roundness + 0.66 0.016 -Total PMx was negatively correlated with
Total PMx LA ni 026  0.104 SLA.
SLA - 0.69 0.093 -PM;o was not correlated to any leaftrait.
LDI ni 0.52 0.551 -PM, 5 was positivelycorrelated with LDI
Leaf roundness ni 0.66 0.152 and negatively correlated with LAand
PM1o LA ni 0.26 0.188 SLA.
SLA ni 0.69 0.112 ) )
LDI ni 0.52 0.809 -PMy, was negativelycorrelated with LA.
Leaf roundness ni 0.66 0.121
PMas Isf \ ) 8%8 g'gig SLA is an easy-to-measure leaf trait
LDI N 0.52 0.099 recommended for distinguishing
Leaf roundness ni 0.66 0.745 between low and high net particle
PMo. LA g 0.26 0.054 accumulator species (Muhammad et
SLA ni 0.69 0.541 | 2019
LDI ni 0.52 0347 Elk )
Leaf roundness ni 0.66 0.655
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Conclusions
1. PMx accumulation is better understood when a combination of methods is applied

2. Multiple methods can be used as a preliminary study to choose the most appropriate for
specific research goals

3. When working with large sample sizes, only the filtration methods can be promising and
the microscopical method can be used as a screening tool to separate target samples

4. The relationship between PMx accumulation and the leaf traits can be better explained by
a conjunction of leaf traits

5. The leaf traits are important to be consider when choosing species for PMx quantification,
especially when working in long-term monitoring programs
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diss e wionms AN oOverview of the relationship between air quality and
TerR— green infrastructure with a matrix offering local-scale
()] Y M ot 12 o g HVO implementation impacts. (Adapted from Kumar et al.,
L S, e e
Aot —enlB R 2019, and Abhijith et al., 2017)
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Recommendatiors for corstructing roadside vegetaion barers to improve near-rpad air quality. EPA 600/R-16/072/July 2016. www.epa.gov/search. Da EPA, 2016, rivisto e modificato.

Barrier Recommendation Description
Characteristic

5 micters of higher | The higher the vegetative bamier, the greater the pollutant
for extend 14 reductions. A minimum of § meters should provide enough
mcter above an height o be above tvpical emission elevations for vehicles
existing solid on the road. However, heighis of 10 meters o more would
barrier) bkely provide additional pollutant reductions

Thigkness [0 mcters or more | The thicker the vegetanyve barmier, the greater the pollutant
reductions. A muinimum thickness of 10 meters should
provide enough of a bamier o remove panticulate and
enhance dispersion. However, gaps in the bamrier should
be avaided, Multiple rovws of different tvpes of vegemanon
(c.g. bashes, shrubs, mees) should be considered for
maximun coverage and pollutant removal durimg all stages
of the barricr

Porosity 0509 Porosity should not be 100 high to allow pollutants to easily
pass through the barmier or cause wind stagnation.  As the
porosity gets lower, the vegetation bamer will perform
similarly to a solid barmier, which may limit the amount of
particulate removal since air 1% forced up and around the
plants.

Length 50 meters or more | Extendimg the bamer bevond the area of concem projecis
bBeyvond anca of aginst psl lutant meandenne around edpes. May also
CONCETN consider constructing the barmer perpendscullar from il
road depending on land avarlabality

Roadside Vegetation Barrier
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Barrier Recommendation Description
Characteristic

" b e

ot 8 A s bitenivran el it _
Bie mal e il Scasonal Vegetation not Vegetative barrier charactenistics must be consistent
; Effects subject to change | throughout all seasons and climatic conditions in order to
by season ensure ¢ffective pollutant reductions,

Leaf Surface | Complex waxy Leaf surfaces with complex and large surface areas will ol
and/or hairy capture and contain more particulate pollutants as air passcs

- surfaces with high | through the structure, &

" surface arca ﬂ" :

s | Air Emissions | Vegetation with Vegetation used for roadside barriers should not be sources |
low or no air of air pollution, cither at the local or regional scale.
Cmissions
Pollution Resistant to effects | Vegetanon must be able to survive and maintain its integnity
and Stress of air pollution under the high pollution levels and stress that can occur
Resistant and other stressors | near roads in order to provide effective pollution reductions
from traffic emissions. In addition to air pollution,
other stressors can include salt and sand for winter road
conditioning and noise impacts
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Review n. 34 — Ialics Hortus 15 (1), 2008: 13-22 doi: 10.26353). itahort 2018, 1.1322

Air pollution mitigation by urban greening

Jacopo Mari®, Franceico Ferrinl', Arne Sache’
! Department of Agrifood Produciion and Enviroamental Sciences, section Woody Plants, University of

< Norwegian Insriture of Blocconemy Research, NTRIG, Norway

Florence, ltaly
Air .=

How to plan green areas for air quality improvement:

» Low-maintenance and fast-growing species with a medium to Pﬂlll’ltiﬂﬂ EE

» %
e

long-lifetime are preferable

» Evergreen species have generally a higher potential compared
to deciduous species (beware to possible vulnerability to
pollution)

» Species with hairs, thricomes and waxes have generally a
greater interception of air pollutants, but total leaf area should
have priority

» The environment surrounding the planting site should be highly
considered (street canyons vs open roadside areas)

» Regarding roadside vegetation barriers, species with a
considerable height, width and a high LAl (Leaf Area Index or
high LAD - Leaf Area Density) are recommended
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