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Abstract

The purpose of the article is to highlight the @éfincy of the retention capacity of green infrastwie in reducing
PM10 concentrations in the Timisoara agglomeration.

We propose a methodology to highlight the benefitae green spaces applied at the level of siaria agglomeration,

in which is used the internal variability of theegn spaces (plant species, tree height, tree g@msitrelated with the
spatial analysis of the dispersion of the suspemmgticle concentrations PM10, to highlight by atietical model the
absorption/filtration of particles.

Following the calculations, it was estimated thae tgreen infrastructure has a minimum retention acéty of
approximately 0.01 % and a maximum of 10.39 % ettncentration of PM10 suspended particles, tawthe green
infrastructure is exposed. We mention that theckrtivas made using non-confidential data presemtede Air Quality
Plan for PM10 proposed in public debate on the web®f Timisoara City Hall. Also, the company S.C.
MULTIDIMENSION S.R.L. made the Study on air qualityhe Timjoara agglomeration, which was the basis for the
elaboration of the Air Quality Plan for the PM1Qdicator in the Timioara agglomeration.

Keywords: concentrations PM10, green infrastrucfugesen spaces, retention capacity, suspendedgirti

1. INTRODUCTION

Over the last 20 years, a major concern for urlvaasahas been the issue of air quality degradation.
The increase in the quantities of emissions froffeidint sources of emissions, in principal mobile
sources, demonstrates the causality of the degoad@ttps://www.eea.europa.eu/publications/air-
quality-in-europe-2010

In this context, the concept of “green infrastruetthas begun to be increasingly analyzed (Bealey
et al, 2006; Benedict and McMahon, 2006; Hewitlet2019), it has a positive effect on air quality
(Nowak J.D. et al.,, 2006), in particular we are u®con suspended particles. The green
infrastructure reduces pollution with suspendedigas by absorption and filtration of particles
(Nowak and Heisler, 2010).

As environmental problems identified in Europe, @oflution represents the biggest risk to human
health. As associated effects of air pollution amln health, we can mention: acute respiratory
diseases, worsening of chronic respiratory diseakesrt rhythm abnormalities or strokes
(especially for elderly people). Whether we aré&itej about a greater or lesser period of exposure
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to pollutants, the most affected categories of fgeape: children, pregnant women and the elderly
people https://www.eea.europa.eu/publications/air-quahibeurope-2019
As main air pollutants indicators we can list: ®rsged particles (PM10, PM2.5), sulfur dioxide
(SO, nitrogen dioxide (N@), nitrogen oxides (NOx), carbon monoxide (CO), zmre (GHs) and
heavy metals (Pb, As, Cd). Suspended particles (RM2.5) are a mixture of fine particles that
originate from both natural sources (volcanic enn, sandstorms etc.) and anthropogenic sources
(heating systems in residential and commercialsamead traffic, construction activities etc.).
Also, in urban areas exposed to higher concentraitimf PM10, it is important to analyze the
particle size due to the influence it can have lma health population, and that particles can go
through the airways to the lung alveoli and causimfammation. As effects of pollution with
suspended particles we can mention cough, paimespiratory difficulties.
According to Order no. 598/2018, Timisoara agglatien is included in the management regime |
for PM10 pollutant (suspended particles with a ditenless than or equal to 10 um).
Thus, it was necessary to draw up an air qualéy phs a result of exceeding the daily limit values
recorded in several years at air quality monitorstgtions (for example in 2017 there were 26
exceedances at TM-1 station, 25 exceedances at Bitibn and 33 exceedances the TM-5
station).
At the level of Timgoara Agglomeration there are two main types of ysgEaces:

- Parks and green banks along the Begal @zataruns through the city from east to west

- The Green Forest which is located inrtbgh-eastern part of the city
Also, in the north-western part of the agglomergtia forest curtain was set up, which is located
between the Timbara - Jimbolia and Calea Aradului roads. In additto the green spaces
mentioned above, there are green spaces betwesks pstreet alignments, squares and a small
number of parks that are clearly delimited
(https://www.primariatm.ro/uploads/files/comunicatet 2019/Plan_calitate_aer PM10)pdf
According to the U.S. Environmental Protection Agggrirees, parks, and other features of green
infrastructure can reduce particulate matter piliuby absorbing and filtering of particles. Also,
green infrastructure has benefits in improving gquality, among which we can mention
(https://www.epa.gov/green-infrastructure/benefitsem-infrastructune
- reduction of air temperature
- reduction of emissions from stationary sources
- absorption/filtration of air pollutants like paxtilate maters
In this respect we are focus on testing a the@aetipproach based on modeling of PM10 exposure
analyzes to reflect maximum potential retentiog@en infrastructure components.

2. MATERIALSAND METHODS
At the level of Timgoara Agglomeration, the following categories ofegrespaces from Open Street
Map were analyzed:

- Parks — 33.897 ha - they have been sel&fgarks in the central area of the city (Botanical
Park, Central Park, Cathedral Park, Justice Parkc ®ark, Children's Park, People's Park, The
park next to the Student Complex);

- Street green spaces — 11.861 ha - they beee selected 7 street green spaces in the central
area of the city (Aristide Demetriade Street, Ritbm Zaicu Street, Metee Draghici Street, Andrei
Mocioni Street, Nistrului Street);

- Green spaces between apartment blocks -1 hd@6 they have been selected 9 green spaces
between apartment blocks in the central area ofitlge
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At the level of Timisoara municipality, total anabd green spaces were: 47.519 ha

Table 1. The surface of the green spaces at the level of Timisoara agglomeration
(https://www.primariatm.ro/uploads/files/’comunicate net 2019/Plan calitate aer PM 10.pdf)

Typesof green spaces Area (ha) squar e feet/inhabitant
Year 2018 Year 2018
Parks 92.209 2.93
Squares 15.76 0.51
Green street spaces and blocks 332.829 10.566
The forest curtain 30.00 0.95
The Green Forest 50.70 1.61
Playgrounds 1.72 0.054
Ecological car parks 1.4 0.044
TOTAL 524.62 16.664

In this paper we started from the hypothesis agngrtb which: The dispersion of the suspended
particle concentrations PM10 at the level of ®maira Agglomeration, can be reduced by the
retention capacity of the green infrastructure?
We propose a methodology to highlight the beneadftshe green spaces applied at the level of
Timisoara Agglomeration, in which is used the internatiability of the green spaces (plant
species, tree height, tree density) correlated whth spatial analysis of the dispersion of the
suspended particle concentrations PM10, to highligh a theoretical model the absorption of
particles.
The retention capacity differs depending on the Bpecies as well as their density (Chen et al.
2019).
In order to estimate the retention capacity of gineen infrastructure, the following steps were
completed (Figure 1):
1. Calculation of retention capacity for PM10 (mglividual/year), using:

- PM10 captured/leaf area (mg tfyear) for the specie@uercussp Pinussp. Salixsp Tilia sp
Acersp Populussp (Zhang et al. 2017 ; Chen et al. 2019)

- Leaf area ffindividual for the specieQuercussp. Pinus sp. Salix sp. Tilia sp. Acer sp
Populussp(Karlik and McKay, 2002)
2. Calculation of retention capacity for PM10 (thmdividual/year), using the retention capacity
calculated on point 1,
3. Calculation of retention capacity for PM10 (thrextare-Gl/year), using:

- Species determination using images publishé&tbogle Earth Photos

- Average density (number individuals/hectatg-@t the level of the analyzed green spaces
density was estimated by counting the individualsefach species analyzed using the Google Earth
Spatial)

- Retention capacity for PM10 (tons/individyakr), calculated on point 2
4. Calculation of total retention capacity/parkings

259

http://www.natsci.upit.ro
*Corresponding author, E-mail addresgstian.moale @multidimension.ro




Current Trendsin Natural Sciences
Vol. 9, Issue 17, pp. 257-265, 2020
https://doi.org/10.47068/ctns.2020.v9i17.032

Current Trends in Natural Sciences (on-line) Current Trends in Naturalé®des (CD-Rom)
ISSN:2284-953X ISSN284-9521
ISSN-L: 2284-9521 ISEN2284-9521

- Surface of green spaces (From the Open Stteptdatabase, the green spaces at the level of
the Timisoara Agglomeration were exported, subsetfyien the analysis being calculated the
surface of the green spaces for 27 central areas)

- Retention capacity for PM10 (tons/hectarey€df), calculated on point 3

Captured PM10/leaf area (mg
cm?fyear):

- Quercus sp. (Oak)

- Pinus sp. (Pine)

- Salix sp. [Willow)

- Tilia sp. (Linden)

- Acersp. (Maple)

- Populus sp. (Poplar)

Average density
(number of
individuals/hectare-

G

PM10 retention
(tons/hectare-

Gl/year)

PM10 retention
(mg/individual/
Yyear)

PM10 retention
(tons/individual/
year)

oliar surface (m%/individual):
- Quercus sp. (Oak)

- Pinus sp. (Pine)

- Salix sp. (Willow)

- Tilia sp. (Linden)
- Acersp. (Maple)
- Populus sp. (Poplar)

Figure 1. Calculation methodology to highlight the benefits of green spaces

3. RESULTSAND DISCUSSIONS

In the analysis stage of the internal variabilifygoeen spaces (Stage 1), the following resultsewer
obtained: the density of the analyzed individuaswigher in the case of park3ugrcussp.: 1
individual - 12 individualsPinussp.: 12 individuals - 49 individual§alix sp.: 0 individuals - 16
individuals, Tilia sp.: 3 individuals - 17 individualgcersp.: 1 individual - 27 individual®opulus

sp.: 3 individuals - 21 individuals) and smallerthre case of green spaces between apartment
blocks Quercussp.: 0 individuals - 1 individuaRinussp.: 2 individuals - 8 individualSalix sp.:

0 individuals, Tilia sp.: 0 individuals - 3 individualsAcer sp.: 0 individuals,Populussp.: 0
individuals - 7 individuals)Table 3.

Taking into account the density of the species I@ab as well as the retention capacity/individual
(Figure 1), in Table 3 the retention capacity/hextaas calculated for the individuals Qtiercus
sp.,Pinussp.,Salixsp., Tilia sp.,Acersp.,Populussp..Thus the highest retention capacities/hectare
were forPinussp. (21.760 kg)Acersp. (2.643 kg) andilia sp. (1.969 kg).

In the spatial analysis stage (Stage Il) of theelision of the suspended particle concentrations
PM10, the following results were obtained:

The retention capacity/year varies depending oratfadyzed area (Figure 2):

- For areas between 0.125 — 3.369 ha,etemtion capacity (%)/year varies between 0.01 % -
2.89 % (low retention), within these areas beinguded parks, street green spaces and green
spaces between apartment blocks;

- For areas between 3.863 — 4.350 ha,efemtion capacity (%)/year varies between 5.67 % -
8 % (medium retention), within these areas beiwctuohed only parks;

- For areas of approximately 6 ha, thentd@ capacity (%)/year can reach 10.39 % (high
retention), within these areas being included pkats.
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Table 2. Species density for analyzed green spaces

Green space
Quercussp. | Pinussp. | Salixsp. | Tiliasp. | Acer sp. | Populussp. | Area(ha) category
3 11 0 2 3 11 1.48 Street green spaces
4 19 3 2 6 16 1.35 Street green spaces$
Green spaces between
1 2 0 0 0 0 0.25 apartment blocks
12 39 6 17 14 21 5.99 Parks
Green spaces between
0 2 0 1 0 0 0.13 | apartment blocks
Green spaces between
0 8 0 3 0 7 0.24 | apartment blocks
0 38 5 4 2 2 2.36 Street green spaces$
Green spaces between
0 8 0 2 0 1 0.21 | apartment blocks
Green spaces between
0 4 0 2 0 2 0.19 | apartment blocks
Green spaces between
1 7 0 2 0 0 0.24 | apartment blocks

Green spaces betwegn

0 3 0 2 0 1 0.13 | apartment blocks
Green spaces between
0 8 0 3 0 7 0.24 | apartment blocks
2 18 1 7 5 3 1.33 Parks
3 12 1 4 1 8 0.58 Parks
1 24 0 3 2 2 1.68 Parks
Green spaces between
0 5 0 1 0 1 0.13 | apartment blocks
4 31 5 6 27 21 3.86 Parks
8 49 2 12 9 11 4.35 Parks
8 41 11 6 12 6 4.20 Parks
2 19 17 2 3 6 2.90 Street green spacesg
4 38 16 11 7 8 4.27 Parks
2 19 0 7 4 3 2.57 Parks
3 19 5 9 5 8 1.66 Parks
4 22 19 6 3 5 1.38 Street green spaces$
7 29 2 6 8 8 3.37 Parks
1 9 0 2 1 8 0.62 Street green spaces
2 28 2 3 6 27 1.76 Street green spacesg

Regarding the exposure of green spaces to PM10entnations (24h), we can highlight that the
retention capacities (%l/year) between 0.01% - 2,88%/7% - 8% and 10.39% were associated
with a low exposure, while a retention capacityldi2% was associated with a medium exposure,
noting that these retention capacities are bel@natitepted exposure limit (Figure 3).

And in the areas that are above the limit value 80 pg/n), there are retention capacities of
1,44% and 2,89%, noting that these retention cépa@re above the accepted exposure limit.

Of the total number of green spaces analyzed, 2&ngispaces (street green spaces: Aristide
Demetriade Street, Pictor lon Zaicu Street, Nisir@treet; parks: Botanical Park, Central Park,
Cathedral Park, Justice Park, Civic Park, Childrétark, the park next to the Student Complex;
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9 green spaces between apartment blocks locatéeé icentral area of the city) were located below
the accepted exposure limit and 2 green spacee(gireen spaces: MakDraghici Street, Andrei
Mocioni Street; parks: People's Park) were locatsale the accepted exposure limit (Figure 3).

In Figure 4 it can be seen that areas with a higlwenber of green spaces and high density of
individuals is not exceeded the accepted exposmig vhile areas with a lower number of green
spaces and low density of individuals may exceedatitepted exposure limit.

Table 3. Speciesretention capacity (kg/year)/hectare
Quercussp. | Pinus sp. Salix sp. Tilia sp. Acer sp. Populus sp. Green space category

0.06 0.4675 0 0.0315 0.0672 0.004136 Street gresres
0.08 0.8075 0.00144 0.0315 0.1344 0.006016 Streengspaces
Green spaces between
0.02 0.085 0 0 ( 0 apartment blocks
0.24 1.6575 0.00288 0.26715 0.3136 0.007896 Parks
Green spaces between
0 0.085 0 0.0157% D Dapartment blocks
Green spaces between
0 0,34 0 0.04725 D 0.002632apartment blocks
0 1.615 0.0024 0.068 0.0448 0.000752 Street gresres
Green spaces between
0 0.34 0 0.0315 ( 0.0003716apartment blocks
Green spaces between
0 0.17 0 0.0315 ( 0.000752apartment blocks
Green spaces between
0.02 0.2975 0 0.0315 0 Oapartment blocks
Green spaces between
0 0.1275 0 0.0315 D 0.00037&@partment blocks
Green spaces between
0 0.34 0 0.0472" D 0.002632apartment blocks
0.04 0.765 0.00048 0.11025 0.1112 0.001128 Parks
0.06 0.51 0.00048 0.063 0.0224 0.003008 Parks
0.02 1.02 0 0.04725% 0.0448 0.000752 Parks

Green spaces between
0 0.2125 0 0.0157% D 0.00037@partment blocks

0.08 1.3175 0.0024 0.0945 0.6048 0.007896 Parks

0.16 2.0825 0.00096 0.189 0.2016 0.004136 Parks

0.16 1.7425 0.00528 0.0945 0.2688 0.002256 Parks

0.04 0.8075 0.00816 0.0315 0.06[72 0.002256 Streengspaces
0.08 1.615 0.00768 0.17325 0.1568 0.003p08 Parks

0.04 0.8075 0 0.1102p 0.0896 0.001128 Parks

0.06 0.8075 0.0024 0.141745 0.112 0.003008 Parks

0.08 0.935 0.00912 0.0945 0.06[72 0.00188 Streengspaces
0.14 1.2325 0.00096 0.0945 0.1792 0.003008 Parks

0.02 0.3825 Q 0.0315 0.0224 0.003008 Street greaces
0.04 1.19 0.00096 0.04725 0.1344 0.010152 Streengspaces

1.440 21.760 0.046 1.969 2.643 0.073 | Total
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Retention capacity (%)/year depending on the surface of
green spaces
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Figure 3. Exposureto concentrations PM10 (24h) in relation to the retention capacity

Thus, from the integrated analysis of the data ftbentwo stages, it is observed that the parks of
over 4 ha (Central Park, Cathedral Park, ChildrBaik) that have a high density of individuals can
have a retention capacity of PM10 suspended pestmi approximately 6%.

Such estimates are very difficult to validate witha sustained basic research program. Testing and
validation of results requires in-depth studiesdrarted in the medium and long term.
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Figure 4. Spatial representation of exporsurre to concentrations PM 10 (24h) in relation to the retention capacity

4. CONCLUSIONS

Following the calculations, it was estimated theg green infrastructure has a minimum retention
capacity of approximately 0.01 % and a maximum 0f32 % of the concentration of PM10
suspended particles, to which the green infrasirads exposed.

The retention capacity of 10.39% is close to thetlizalue (VL = 50 pg/), and in the areas above
the limit value it is a retention capacity of 2.8@#mpared to the exposure concentration.

The green infrastructure has a capacity to retath reduce the dispersion of suspended particles
and treats an effect and does not address the (@usssion source).

These analyzes are indispensable in the procgssooitizing measures to reduce and compensate
for the negative effects of air pollution withinetlguality plans at local level, thus measures aimed
at reducing at source as well as those to limpehsion with reduction by retention without being
followed by removal (eg by washing, fixing the sulge, soil), in order not to be remobilized, must
be applied complementary in order to have an imatedeffect of improving air quality with a
positive impact on the health of exposed persons.
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