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Summary
Research on urban vegetation suggests that it can help reduce the impact of pollution on people and
buildings by acting as a pollution sink, especially for particles. Furthermore, the transport of
pollutants from nearby traffic sources in urban areas caretfectively reduced by using green
barriers. Thus, green infrastructure might be a cost effective and easy way to reduce the impact of
pollution in near road environments. This is especially important for vulnerable members of the
population, such as ddiren, whose lung growth is slowed in areas with high pollutant
concentrations. Therefore, a measure to reduce pollution levels at schools situated at roadsides will
be of particular benefit.

To assess the efficacy of a green screen to prevent the tranhspeehicle emissions from the
nearby road into the playgroundan ivyscreenwasinstalled atSt. Cuthbert with St. Matthias
Primary School in thRoyalBorough of Kensington and Chels&i3.and PM,, were then measured
immediaely either side of the @een usingwo standard chemilumiescence NQanalysers and two
Turnkey Osiris light scattering PM analyseespectively.Thedifference in concentration between
the roadside side andlaygroundside of the screewas assesseds it matured.

Toquantify the measurement uncertainty, the instruments werelgcated at the start and the end
of the programme This data was used toorrect for systemic biases and to calculatdsgy
between sampleuncertainty, whichwas7.2% for NQand 15.2% for PM,.

Highest concentration could be observed during September fgrad® in March and
September/October foPMy,. Annual mean air qualitybjective would not have been met on either
side of the screen for N@ssuming that the analysis period is represaive of the entire year. The
average PN} concentration was below the annual mean objective; this is withsigeificant caveat
that the PM;, measurement methodology is not equivaleMQO, and PM, concentrations rise during
morning rush hour and remaielevated throughout the day. The concentration difference between
the sites also remains highest throughout the daytime period.

NG, and PMg source directions are aligned with the road axaiggesting that pollution levels were
generally highest when emissions were either rediated from the A3220 (northbound) or blown
along the road from sources anrthbound A32200ld Brompton Road and southbound A3220

The screen wamund to be areffective pollution barrier once the ivy had started growingd a
significant impact could be seen once the screen had matureed.ivy screen led to a decrease in
the pollution concentrations on the playground side of the screen by 24% fpatft{d38% foPM;
both were higher than the measurement uncertairsgd thussignificant. Comparing school hours
independently aeduction in concentrations of up to 36and 41% werdéound for NG, and PM,
respectivelyThis demonstrates that the screen is very efiee during daytime hours, when both
emissions and exposure are highest.

Although it is clear that the screen has a significant effect in preventing the transport of pollution
from the roadside into the playgrounéyrther work would be required to asse® impact of the
screen at greater distances from the road.
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1 Introduction

The concentration of toxic air pollutants such as nitrogen dioxide and particulate matter are
elevated close to roads in London, these have been shown to have detrinneatéh effects
includingincreased cardigoulmonaryand lung cancer mortalitgnd increased risk of respiratory
symptoms(WHO, 2003)Many of these effects are more enhanced in sensitive populations, such as
children. Indeed, exposure to PM has been showndgatively affect the development of the lung
function in elementary schoolchildren (Horak Jr. et al. 2002ny schools in Londoand in the

Royal Borough of Kensington and Chelsea (RBKC) are located close to roads, with classrooms and
playgrounds only a few meters from heavy traffic.

Despite many years of investment in exhaust emission abatement technatagyng from Euro 4
to 5 etc (EC Regulation15/2007/EG, and policy interventions such as the London Low Emission
Zone, the concentrations of pollutants, especially nitrogen dioxide, remain high close to roads.
Alternativemethodsto reduce humarexposure, irparticular for the sensitive populations such as
children, argherefore being sought.

One such method is the installation of green screens to act as a barrier to the transfer of polluted air.
Research on urban vegetation suggests that it can help reduce the impactuwigrobn people and
buildings by acting as a pollution sink, especially for particles. Furthermore, the transport of
pollutants from nearby traffic sources in urban areas can be effectively reduced by using green
barriers(Sternberg et al, 2010; Hill, 19)¥ Thus, green infrastructure might be a cost effective and

easy way to reduce the impact of pollution in near road environmeiganentioned abovenis is
especially important for vulnerable members of the population, such as children, whose lung growth
is slowed in areas with high pollutant concentratigkelly and Fussel, 201 T)herefore, a measure

to reduce pollution levels at schools situated at roadsides will be of particular benefit.
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Figurel: Playground area witland without ivy screen

The hypothesis was that a green screen will have a beneficial effect on the PM and NO
concentrations inside the school ground® assess the efficacy of a green screen to prevent the
transport of vehicle emissions from the nearby road into the playground, 5lay e€reen were
installed atSt. Cuthbert with St. Matthias Primary School in the London Borough of Kensington and
Chelga Figurel). This had the effect of increasing the existing roadside barrier from around 2m to
2.7m high.The primary school was chosen due to its location closeliosy road (A3220), with the
main playground area adjacent to that rodeidure3). PM;o and NQwere then measured
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immediately either side of the screeData was cllected as the screen was growing and thus the
impact of the screen could be monitored during the maturing of the ivy screen.
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2 Methods

2.1 Measurement configuration

The primary data source for this studsere the temporarymonitoring statiors atSt. Cuthbetrwith
St. Matthias primary schodFigure2, Figure3). The stations were installed for the duration of one

year (November 2018lovember2014) and were situated along Warwick Road (A3220), either side
of an ivy screen. One set of analysers waglmthe school grounds in order to measure the

concentrations on thelaygroundside of the screen and the other set of analysers was situated on
the outside of the green screen to measure the roadside concentrations.
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Figure3: Location ofSt. Cuthbert with St. Matthiaprimary schooland the location of the monitoring sites in the school

Two standard chemilumascence NQanalygrs (ML9841) and two Turnkey Osiris light scattering

PM analysers were used to assess the difference in concentration between the roadside side and
playgroundside of the screen as it maturedhe Osiris instrument was chosen as space was limited
and the experimental design dictated that the inlets were placed either side of the screen; however
this instrument is indicative and is not equivalent to thergférencemeasurement for eitheP M

or PMys. Nevertheless, as percentage differences are used to analyse the impact of the green
screen, this does not detract from the final conclusidwéy datawere ratified to LAQN and AURN
QA/QC standardand PM data were ratifiedsing instrument calibt@on and regular flow checks.

Theb 2 NIK YSyaaAy3adz2y daaiBre @diimida® and nogedizNyiratifie@ | R

All data analysis was undertaken on hourly mean concentrations containing at least 3 valid fifteen

minute meansa [ 2 Y R2 Yy a Sdioyical dMeébwagsedA y (G KS |yl fe@airaT GKAA .
meteorological data set representing London, whicheemposite of data from several instruments

co-located with air pollution monitoringites (Carslaw, 20134t the start(NG, only)and endof the

measurement programme the analysers werelaoated so that detween instrumentuncertainty

could be calculatedOrthogonal regression analysis was undertaken and graphed usiexib

2010. Other analyses utilised R statistical software andtpenair function paclge within it

(Carslaw et al, 2033
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Figure4: Osiris analyser and N@nlet situated on theplaygroundside of the green screen
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3 Results and Discussion

The instruments were installed in November 2013, however, it took somettraadertake a ce
location exercise and ensure that both pairs of instruments were working corrétidymain time
periods considered for the data analysis were betweenih&eb 14 to 22 Sepl4 for the N@and
between1® Jan14 to 30" Oct14 for PM,.The first three months of the year were considered as a
G LISBIR ¢ K ¢ dulid§ Wdicl? tRe impact of the ivy screen was considered to be low.

3.1 Colocation and a nalyser comparison

As stated in the methods section the instruments werdamated for ashortperiod of time in order
to quantify the measurement uncertaintiFigure5 showsthe results of orthogonal regression
analysis on the daily mean measurements from the two analysers foahN{PM,,. TheNO
analyser cdocation analysis contained measurements frord@oations undertaken both before
and after thetrial; the consisteng between the pre and post periods offers a great deal of
confidence in this resulPM, co-location data was only available for a period after the study.

The co-location exercis@and orthogonal regression of the datavealed that there was a systematic
overread of the roadside Nanalyser in comparison with the backgroufidhe analysis for NO
results in a slope of 0.83(.02), and an intercept of +0.750(4) ppb.The regression analysis for
PMy results in a slope of 1.08Q.06), and an intercepif -1.15 ¢1.52) ugnt. Hence, m the casef
the Osiris analysers there wa snall systematic underead of the roadside instrument compared
to the background instrument.

40 45

y =0.83 (£0.02)x + 0.75 (10.4) y =1.08x (£0.06) - 1.15 (£1.52)
R?*=0.99 2=0.95
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Figureb: Scatter plot for NQ (left) and PMy, (right) concentration from the two analysers

The coefficient of determination {Ris very high for both (0.99 for N@nd 0.95 folPM,) and
ensures a great deal of confidence in correctingfiese systematic biase3o do this, e
concentrations of the instrumentsere correctedusing factors derived from orthogonal regression
of the instrumentmeasurementsn comparison to theneanof the two co-located measurements.
All further analysis was carried out on these corrected cotre¢ions.
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Thecalculatedoetween sampler uncertainties are givenTiablel and are a measure of the
sensitivity / detection limit of the experiment. Therefore, &hcomparing measurements between
the analysers, any change induced by the ivy screen would need to be greater than the relevant
expanded between analyser uncertaintylie considered significant

NO; (%) PM (%)
Hourly Between Sampler Expanded Uncertainty 8.1 16.4
Daily Between Sampler Expanded Uncertainty 7.2 15.2

Tablel: Between sampler uncertainties for hourly and daily mean concentration from tieéred analysersat St.
Cuthbert with St. Matthias primary School

3.2 Overview of monitoring data

When comparing between instruments of the same type, tlata wereanalysedonly for periods
where bothof the pairedinstrumentswere producing validlata. Therefore N@datawere analysed
between the f' Feband 22° Sepl4 and PM, data wereanalysed between®iJan and31¥ Oct14.

The mean and median concentrations of N@d PM, are given inTable2 and show that the mean,
as well 8 the median roadside concentrations were higherldoth pollutants.Means provide the
information necessary to assess regulatory tardetg. the 4Qug ni® annual mean limit valugjut

can be heavily influenced by a small number of high concentrations. However, medians provide
better descriptor ofthe datapopulations that are log normally distributelike air pollution
concentrations.

Concentration
Pollutant Site Median Mean
NO, Roadside 34.2 (65.2) 34.7 (66.3)
in ppb (ugrﬁs) Playground 28.2 (53.9) 29.2 (55.8)
PM;o Roadside 28.8 32.1
in pgm’® Playground 20.5 22.3

Table2: Summary of pollution concentrations at St. Cugért with St. Matthiasprimary shool

Assuming that the analysis period is representative of the entire year, the annual mean air quality
objective would not have been met on either side of the screemif@2 but was consistentlpelow

the annual mean objective for PM. A significant caveat is that tH&M10 measurement

methodology is not equivalent and should therefore not be compared to the regulatory limit value.

Environmental Research Group Kingdbs Coll ege

12

London



Februan2015

O
2 7 Morth Kensington MOz —— School Roadside NO;
Earl's Court Road NO; —— School Playground MO

o

m
o o |
o @
s [
o o |
= =T

o

o~

D —]

I I I I
Mar May Jul Sep
Date

Ifigure6: Timeseries plot qf NQ(ppb) goncentratigns at thg roadside anql plgyound sid? of the green sgree’n o .

O2YLI NAazy (2 (GKS b2NIK YSyaiay3aidzy ol Ol3aANRBdzyR aAGS I yR 9 NJ
The timeseries of the N@nd PM, data are shown ifrigure6 andFigure?, respectively. The

highest NQconcentrations could be observed at the roadside site in September and the lowest
concentrations were seen at the start of the monitoring peri@@mparing the concentrations

YSFadz2NBR 4 GKS a0Kz22f (2 GKS b2 NIRédrrodigida ditg; 3G 2y ¢
it was found that the concentrations at the school were between those measured at the background

station and that measured at the roadside station.
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Figure7: Timeseries plot of Pl (pgm’s) concentrations athe roadside and playground side of the green screen

For the PMythere were clear episodes in March and September/ October and as withhie O
roadside concentrations were generally higher than the background concentrations. These data
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were not comparedo other boroughPM;o measurements as the data measured by Osiris is used for
indicative purposes and it not equivalent to the EU reference measurement.

3.3 Influence of wind speed and wind direction

Bivariate polar plotsvere producedising the openair anatys package in Rtfp://www.openair-
project.org/). Theyshow a smoothed concentration surface in relation to wind speed (radial axis)
and wind direction (polar axis) and were used to highlight the relative influence of local sources to
pollution. Thar use in characterising ambient air pollution sources is dlesd in Carslavet al.

(2006)

Polar plots for both sites were produced for the NfDbd PM,. When interpreting such plots it is
important to consider that the predominant wind direction for this site is sentsterly (Barratt et
al., 2012), thus sourcdsom this direction will have a much greater impacattother sources.

NO. rdc NO-. bgc mean
N N
10 10
50
3 3
45
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4'Wind spd 4'wind 50 40
2 2 M35

I .
10

value

Figqure 8 shows that N@concentrations were highest durimprth-easterly andeasterlywindsat
both sites A secondary source could be observed for the roadsidgiiN@orth-north-westerly wind
direction. These directins are aligned with the road aseuggesting that pollution levels were
generally highest when emissions were eitmeciculated from the A3220 (northbound) or blown
along the road from sources anrthbound A32200ld Brompton Road and southbound A3220.

There were initial concerns that the boiler within the school grounds miglatdwstantial source

of NQ and, wth increasing growth of the ivy scredad to anincrea® inconcentrations within the
playground area. There is no evidence of this as the concentrations on the playground side of the
screen are consistently lower than the roadside concentrations.
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The pattern for P\ was more complex with sources evident to the east/neetist atmostly lower
wind speeds and an additional source to the sewtst at high wind speeds. The source to the
east/north-east is likely to be the same as for N@d hence due to traffic emissiofrem the

various roads that surround the monitoring stat®ithe source seeto the southwestat higher

wind speeds is due to emissions a further distance away. This could possibly be alsdralfie to
emissions from th&®Ild Brompton Roadther PMy, generation activity such as construction work or
sea salt frommarine sources often associated with these high wind speeds froradhth west.
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Figure9: Bivariate polar plot of the PMO(pg/m3) concentrations at the roadside site (rd) and playground site (bg) by
wind speed and direction

3.4 Concentration difference between roadside and playground

Figurel0shows monthly boxand whiskerplots of the daily mean concentration difference in % for
NG, and PMy, respectively. Also indicated is the between sampler uncertainty calculated using the
co-location data.

40
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difference in %
difference in %
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-10

04 05 06

month of the year month of the year
Figurel0: Monthly box and whisker plot of dily mean NQ (left) and PM, (right) concentration difference(%)in
compaison tothe daily between analysemuncertainty (dashedline)

For the first two months th&l G, concentration difference between the two sites wars average3%
and increased to 10% in April. FRIVl,, the initial three months showed an average differente
16%. This difference liketgflectsthe slightly greater distance from the traffic emissions of the
playgroundinstruments as well as the immature green screen whicitckedthe transport of some
Ki ngds
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of the pollutantsinto the playgroundFigurell). Importantly, this was smaller than or around the
instrument uncertainties for both pollutants, which was 7.2% fop B 15.2% foP M.

As the ivy starts to grow, howey, the concentratiordifferencebetween the two sites increases
above level of instrument uncertainty #m average of 26 for NQand 3846 for PM, from July to
September 2014The trend in the effect of the ivy growth is clear in the,Ni@creasing at
approximately 5% per month. The trend is less cled@Nho, suddenly increasing in JuBM,,is
likely to be influenced more strongly by background concentrations whitdrn areinfluenced by
episodic eventTheresuspensiorf material from the ivy screen itsatiayat timesimpact onPMo
concentrations measured on both sides of the scrdeis also possible that the effect &My is
higher as the ivy screen filters. Encouragingly, the effect of the screen is broaitly fimboth NQ
and PM.

3.5 Temporal variation in NO > and PM1o concentration s

The diurnabnd weeklyvariation of the pollution concentrations were plotted ftire spring term
period, which wadeforea significant concentration difference was found due to the ivy sc(@én
01 to 1104), thesummerterm, which wasafter a significant concentration diffence was found
(28-04 t022-07) and during the period when the ivy screen had fully mat28eD7 to 30-09; Figure
12 andFigurel3).

The NQconcentrations show a clear diurnal cycle with a pronounced morning and evening rush
hour, especially during the first period of analysis. The concentrations remain elevated throughout
the day. The lowest concentrations can be found in the early morning hours. There is also a clear
weekly pattern with Saturday and Sunday showing lower concentrations than weekdays.

When comparing the three periods, it is noticeable that the, N@hcentration difference between
the sites increases as the screen matuilegially,duringthe summer term, the background
concentration drops as the screen thickens amtly increases slightigven though the roadside
concentration increases during summer.
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a) Pllution concentratiorbetween F' Feb 2014 and f1Apr 2014 Spring tern)
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Figurel2: NO, diurnal and day of week plots

The diurnal pattern of PMis less pronounced than that of Q' here is a clear rise during the

morning rush hour and then the concentration stays elevated duringilye There is no clear

pattern over the weekly cycle as they seem to differ in each period analysed. It is possible that a few
days with high concentration have a marked effect on the concentrations overall.

When comparing the three pirds asimilar patern can be seen for Plyicompared to NQ with
the background concentrations initially dropping compared to the roadside and staying lower in
summer when concentration increase at the roadside.
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