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Abstract

In order to assess the filtration performance of plants vagipect to atmospheric dust, deposition on vegeta-
tion has been investigated by a number of different methideld Gtudies, numerical and physical modelling)
over the past few years. The intention of this review is te@asghe extent to which a reduction in particle
concentration (especially Pi¢) can be accomplished by existing vegetation or targetattipaon the basis

of international publications. The range of this assessmewever is limited to the quantitative filtration
potential of urban vegetation. Deposition velocity wastaks a measure of filtration performance as a parti-
cle deposited on a plant is in effect taken from the atmosphs regarding published deposition velocities,
there are differences of an order of magnitude between mesalues and the results of model calculations.
The average published value 1 cm s1) corresponds to a reduction in pollutant concentration {§)Mf
about 1 % in urban areas. In addition, analyses carried oat sy arterial road show that very large vege-
tation areas (in excess of 10,008)mwould be needed to compensate for local emissions of pEst{® M)

by vehicles at a deposition velocity of 1 cm’s However, currenin-situ measurements indicate deposition
velocities considerably higher than 1 cmtsand, for PM, velocities above 10 cnT$. If these results were
confirmed by further measurements, local planting camgatgwering small areas could also be beneficial
for a reduction of particle concentrations.

Zusammenfassung

Um die Filterwirksamkeit von Pflanzen gegenuber Partikelbestimmen, wurde in den vergangenen Jahren
mit einer Vielzahl von Methoden (Feldstudien, Modellieguiwindkanal) die Deposition auf Vegetations-
oberflachen untersucht. Die Intention dieses Reviews igtieder Basis von internationaler Literatur zu be-
werten, inwieweit eine Reduktion der Immissionskonzeitravon Partikeln (insbesondere von Pgyldurch
vorhandene Vegetation bzw. durch gezielte PflanzmaRnamigich ist. Diese Einschatzung beschrénkt
sich jedoch vom Umfang her auf das quantitative Filterungsmtial stadtischer Vegetation. Als Mal fur die
Filterleistung wurde die Depositionsgeschwindigkeitamgrezogen, da mit der Deposition auf den Pflanzen
auch eine Entnahme aus der Luft einhergeht. Die vertftdnén Depositionsgeschwindigkeiten zeigen Un-
terschiede von bis zu einer GréBenordnung zwischen denspemen Werten und den Ergebnissen aus
Modellrechnungen. Berechnet man mit einem Mittelwert deiffentlichten Werte{1 cm s'1) das Re-
duktionspotential fir den stadtischen Raum, erhélt mae ®&rringerung der Immissionskonzentration
(PMyg) von ca. 1 %. Analysen fir eine belastete Ausfallstralle me@éierdem, dass bei einer Deposi-
tionsgeschwindigkeit von 1 cnt$ beispielsweise eine Kompensation der lokalen Kfz-Emigsioson PMg

erst bei sehr groRen Vegetationsflachen (> 10 08pmglich ist. Aktuellein-situ Messungen weisen je-
doch auf Depositionsgeschwindigkeiten hin, die deutlicti3gr als 1 cm 3 sind und fir PM wurden
sogar Geschwindigkeiten > 10 cm'sgemessen. Sollten diese Ergebnisse in weiteren Messumeg#itigt
werden, waren auch kleinrdumige, lokale Begriinungsmafealsinnvoll fir eine Reduktion der Partikel-
Konzentrationen.

1 Introduction tical gardens and roof gardens) could prove to be an ef-
) ) ) fective long-term alternative to disputed measures such
Since the introduction of a short term standard for pafs the wet cleaning of streets or the exclusion of vehicles
ticles (PMy) in air on 1 January 2005 (National implefor the improvement of air quality. Therefore this review
mentation of European Council Directive 1999/30/EGgcyses on the assessment of the quantitative filtration
e.g. 22. BiImSchV in Germany), attention has once aggjBtential of urban vegetation. A review on particle de-
focussed on the filtration of atmospheric particles tb’osition with a wider approach concerning all surfaces
vegetation. The reduction of particle concentration ys5 peen given by BYOR et al. (2008), MPHERSON
deposition on urban vegetation (such as street trees, \9507) discussed vegetation-atmosphere interactions as
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It was already known at the beginning of théfen- and the clear damage caused to plants. In 1916-W
tury that dust is deposited on plant surfaces. HowevercENUS et al. already conducted controlled field tests
the possibility of using plants to filter the air was naib investigate damage to plants. These also included ex-
discussed at that time because dust concentrations wmosure to diesel particles (MLICENUSet al., 1916). In
so high that plant growth was reduced or even inhibitédeir study, they confirmed the assumption that it was
(e.g. WIELER, 1911). KRATZER (1956) deals with urban not particles but adsorbents (such as heavy metals and
aerosol pollution in a prominent position in his summasolycyclic aromatic hydrocarbons) that were chiefly re-
rizing chapter on urban air and refers to the filtration e$ponsible for the reduced vitality of plants.
fect of parks and gardens, which is, for example, clearly However, this review will only deal with damage to
evident in an early dust concentration map of Leipziglants to the extent that sustained vitality is an essential
(LOEBNER, 1935). HENNEBO (1955) devotes 60 pagegprerequisite for the successful, sustained use of vegeta-
to the topic in his work on the filtration of dust by parks$ion to remove patrticles from the atmosphere. For this
and gardens. He also discusses the importance of urbeeson, the detrimental effects of dust on vegetation need
parks and gardens for the filtration of dust-laden air amal be taken into consideration, especially with regard
makes proposals for urban planning measures to redtwahe selection of resistant species. A comprehensive
particulate concentration on the basis of existing vegetarerview of the various detrimental effects is given, for
tion structures. example, by ERMER (1993) and @ANTZ et al. (2003).

Whereas Hennebo focuses on the micro-scale effectMore recently, scientific attention was once again fo-
of small wooded areas, @ERIAN (1975) for example cussed on the capacity of plants to filter dust-laden air
transfers this approach to larger areas. He proposes thathe introduction of a short term standard for partic-
planted regeneration areas should be created in the slate matter (PNp). In qualitative terms, the filtration
roundings of pollution source areas with a view not onlyotential of plants is not disputed; the main factors in-
to reducing pollutant concentrations in the atmospheiaencing the process of deposition on plant surfaces are
but also to preventing the convergence of source discussed in Section 3 below.
eas. However, as a result of technical improvements Nevertheless, it is questionable whether the filtration
and the introduction of more stringent legislation (Blmeapacity of plants will be adequate in quantitative terms
SchG - Federal Pollution Control Act, 1974), average reduce current pollution concentrations as the partic-
annual concentrations of SONO, and suspended par-ulate emissions of plants themselves and the reduction
ticles sank in Germany @HCKE et al.,, 2001) in the in near-surface air exchange must be set off against fil-
1970s. For example, at the Deuselbach (Hunsrick) stiation performance (Section 4).
tion of the German Federal Environmental Agency, av- Taking an arterial road with heavy traffic as an exam-
erage total suspended particle (TSP) concentration fgi, an attempt is therefore made in Section 5 to assess
below 40 ug m3 for the first time in 1977 and hasthe reduction potential of roadside vegetation as a func-
remained below this level with the exception of 1982ion of the assumed velocity of deposition. However, be-
Following 1999 particles have been measured agg®Mfore proceeding to this stage, it is necessary to explain
which accounts for approximately 76—79 % of TSP #he use of deposition velocity as a measure of filtration
urban background stations and 82-85 % at traffic sggerformance.
tions (LENScHOwet al., 2001). In other countries, such
as the United Kingdom (CEAN AIR ACT, 1956) and
the USA (Q.EAN AIR ACT, 1963), similar laws came 2 Deposition Velocity as a measure of
into effect, in some cases earlier than in Germany, re- filtration performance
sulting in a large-scale reduction in atmospheric pol-
lutant concentrations. However,uUAICIEMS and BUR- In the fO”OWing SeCtionS, depOSition VeIOCity/d( in

TON (1972) demonstrated that the reduced pollution wgs s1) is used as a measure of filtration performance.

chiefly due to technical improvements in industry ange genosition velocity is the quotient of the mass parti-
socio-economic factors such as the changeover frig fiow rate F,in ug s L m~2) towards the leaf surface

coal to oil in_ residential and commercial heating. and the atmospheric particle concentratiopif ug s
I.:).ecreasw_lg pollutant concentrations meant that Sﬁll-—3)_ The resulting velocity is normally given in cm’s
entific attention was no longer focussed on the Impayizq > 1),

ment of human health and therefore on dust filtration =
by vegetation. However, the other side of the coin, i.e. Vg = C—p
the damage caused to plants by filtering polluted air, P
was investigated comprehensively from the beginnifg,en if resuspension is taken into consideration, parti-

S e o
of the 20" century onwards as the negative impact @fes are taken from the atmosphere and deposition on a
polluted air was evident through permanent exposyegf surface can therefore be equated with air filtration.

(2.1)
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3 Parameters influencing the deposition fall below this value, inertia and deposition are also re-
of particles duced. In this size class, only diffusion is effective, but
still results in high deposition rates. Near to surfaces,
The deposition of particles on plant surfaces is inflyrarticles are continuously deposited by Brownian mo-
enced by a variety of factors. Not only the diameter af@n, resulting in a concentration gradient which induces
shape of the particles but also meteorological parametgnsass flow towards the surface.
such as humidity, wind speed and turbulence are of deci- FowLER et al. (2004) and BLLAGHER et al. (1997)
sive importance and have considerable impact on deggmpared deposition velocities determined theoretically
sition velocity and the filtration performance of plantsyy S NN (1982) with measurement results from 12 field
In addition, the plant species and planting configurati@fudies (Fig. 1) and identified marked deviations from
also affect deposition as the special structure of the vegge theoretical curve for particle sizes of Quin < dp <
tation and the shape of the leaf surface are key factorsiiym. FowLER et al. (2004) explain these deviations of
the deposition and resuspension of particles. as much as an order of magnitude by phoretic processes
Although particle deposition on plant surfaces Cogjong an electric potential gradient (electrophoresis) or a
responds to particle removal from the air and therefofigermal gradient (thermophoresis) which were not taken
the reduction of pollutant concentration, it must also hgto consideration in the model used byiSn (1982).
noted that plants themselves may be sources of particlesto summarize, it can be stated that the considerable
and represent an obstacle to air flow which can reduggferences between modelled and measured deposition

air exchange compared with non-vegetated areassRyelocities indicate the need for further research in this
and BCHHORN, 2001; QROMKE and Ruck, 2007). In grea.

this context, the term “air exchange” is used to mean _ o
the frequency with which a given volume of air is ex3.2 Effects of air humidity
changed per time unit. In the case of particle emitte

located within a vegetated area (as, for example, a ro . . .
with roadside vegetation), a reduction in air exchan eto t_he fact th"’.‘t particles are mainly hygros_cop|c af‘d
' at their size varies as a result of the absorption or dis-

would result in an accumulation of dust emissions. T% )
reduction in pollutant concentration through depositio arge of ‘.Nater.(v"NK"ER: 1988). In turn, this Ieads_ to
change in their deposition properties as a function of

must therefore be set off against this contrary effe X . . .
g y fameter (cf. previous section). The size increase with

which tends to increase pollutant concentration. The f o : . \
rt%ference to dry air is an exponential function of relative

lowing paragraphs give an overview of the current Sta%umidity (rh.). Size increases by an average fastor of
of knowledge regarding the key factors that influence d "1at60 % rh. 1.2 at 80 % r.h. and 1.7 near to satura-

position velocity. tion point. There is a slight variation in size increase as a

3.1 Effects of particle diameter function of the hygroscopicity of the measured aerosol,
e.g. rural or urban aerosol (WKLER, 1988).

Theoretical deposition velocities as a function of particle HANEL (1982) calculated the sedimentation mass

diameter were modelled for example byISN (1982) flows of three aerosol types with reference to dry con-

and are generally recognized. Fig. 1 shows the depagitions (Tab. 1). The exponential character of the rela-

tion velocities calculated for two different friction Ve|OC-ti0nship is also clearly reflected in deposition velocities;

ities (u*). For particles with a diameter df, > 10 um, especially in fog (99.9 % r.h.) the deposition of wet par-

sedimentation is the key deposition process. For partiticles is increased by a factor of 16.6 to 24.8 compared

cles with a diameter ofi, < 10 um, deposition is gen- with dry aerosol.

erally reduced, reaching a minimum @ = 0.3 um.

Sedimentation is only significant up to a diameter &.3 Effects of wind speed

dp > 1 um as the mass of the particle and thereforﬁ1

also the acceleration due to gravity are reduced with c{

creasing diameter. Betweenum and 0.1um diame-

fundamental effect of air humidity on deposition is

1e effect of wind speed illustrates a basic dilemma of
Re potential filtration of particles using vegetation. As

: . . . . 5particle concentrations are at their highest in the direct
ters,impaction andinterception are the main processes . . . : : :
vicinity of emitters, it can be found, by converting Eq.

actir_lg on patrticles in the air. These processes involve 310 1nat the mass flow to the surface at constant depo-
flowing around obstacles, where the flow path of the par=.”’

ticle i either too near to the obstacle (interception) Orsmon velocity is also at its highest close to the emitters

{eﬁq. 3.1)

curved in such a way that the particles collide with th E —vi.C (3.1)
obstacle (impaction) as a result of their inerti&@.and p=Y¥d ™p '
RAMAMURTHI, 1993). Investigations carried out by PBTSYNA and KRI-

For particles with diameted, < 0.1 um, intercep- PAL'SHCHIKOVA (1992) even show an exponential de-
tion and impaction are less significant. As particle sizesease in the mass of dust deposited per unit surface area
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Figure 1: Comparison of modeled deposition velocity) of aerosols with aerosol sizelf) for woodland (SINN, 1982) with field
measurements by a wide range of methods (af@wEER et al., 2004; GLLAGHER et al., 1997). Roughness lengtiy) and friction
velocity (u*) are given for QLLAGHER (1992) and SINN (1982).

with increasing distance from the emission source. In dlew. However, this only applies to autochthonous emis-
der to maximize the efficiency of filtration, the mass flowions (from within, such as road vehicle emissions) with
to the surface must also be maximized; in other wordgarticles created on site and accumulating between the
vegetation is required as near as possible to the emisgiamts. In the case of allochthonous emissions (from the
source. However, the special structure of vegetation mitside, such as industrial emissions) an obstacle to air
duces near-surface air exchange, leading to an increfis& could help in keeping local particle pollution low,

in atmospheric particle concentration and thus deterioes the concentration within the plant canopy would be
tion in the pollution situation near to emission sourcedower than in the air coming from the outside.

Ideally, a planting concept (or the existing vegeta- In order to investigate the effects of reduced near-
tion) should take this condition into consideration bgurface air exchange in quantitative termsg&Rand
providing as great a plant surface as possible nearBEHHORN (2001) modelled a vegetation scenario for
the emission source without significantly reducing aam urban street canyon (Fig. 2). In this two-dimensional
exchange. Conceivably, solutions could include vertinodel (width 30 m, height 14 m), rows of trees (dedi-
cal gardens or loose ground-level planting with adequatious, LAl approx. 5 with leaf area density maximum
spacing between the plants to minimize the effects on &ir9—10 m height) were positioned on both sides of the
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Figure 2: Calculated changes (in percent) in windspeed and pollu-

tant concentration with model heigiz) @nd length (x) after insertion Figure 3: a) Sketch of the wind tunnel setup and wind profile u(z),
of vegetation in the street canyoni@® and ECHHORN, 2001; mod-  the trees are located in the center of the canyon, b) dimensionless
ified). Maximum absolute reduction in wind speed is 4 crhsnax- pollutant concentration values c+ for each wall depending on the
imum absolute increase in pollutant concentration isuigan3. street canyon volume occupied by tree crowns. Measured coneentra
tions (c) have been normalized with wind velocity at rooftap(),
building height L) and tracer gas emission rate of the line source
road and exposed to wind of 5 m's(10 m above ground (Qr /1), ¢+ = (Cure Lret)/(Qr/l). (GROMKE and RiCK, 2007; mod-
level) perpendicular to the canyon. A tracer was emittéigd).
as a line in the centre of the urban canyon (autochtho-
nous emission type). The tracer was chemically inert,
meaning that the calculated concentration changes cotitth. However, the results only apply to comparable ur-
also be applied to particles. In comparison with the uban canyons with a building height/road width ratio of
planted situation on the windward side of the inner wadlbout 0.5. In the case of narrower streets with a ratio of
of the urban canyon, wind speed near to ground levkl the concentration increase near to ground level may
was reduced by 8 %, while wind speed was increasked as high as 20 %.
by 4 % on the other side. In the situation without veg- GROMKE and Ruck (2007) investigated a steet
etation, a rotor circulation mechanism would develaganyon with perpendicular flow in a wind tunnel and
in the urban canyon during a perpendicular wind, withlso found an increase in the tracer concentration on the
air flowing down the leeward side into the canyon, themindward inside wall (Wall A in Fig. 3) and a reduc-
across the floor of the canyon in a direction opposit®n on the leeward side (Wall B in Fig. 3) . Fig. 3 also
to the general direction of flow to the inside windwardhows a sketch of the model configuration and the con-
wall, where it would leave the street (cf. Fig. 3). Vegezentrations on the walls of the urban canyon as a func-
tation reduces the cross section for downward flow dion of different vegetation volumes (the volume taken
the leeward inside wall, resulting in a partial increasg by the vegetation in the urban canyon). The conclu-
in the wind speed. In addition, vegetation reduces neaien reached was that there was no increase in tracer
surface air flow in the urban canyon, leading to loweoncentration with a vegetation volume of about 10 %.
wind speeds behind the rows of plants. In the model skt contrast to the modelled situation, flow effects on the
uation, this reduction in air exchange on the windwartges of the building blocks were also taken into consid-
inside wall leads to an increase of 2—4 % in tracer coeration in the wind tunnel tests. Depending on the geo-
centration compared with the scenario without vegetaetric shape of the urban canyon, the reduction in air
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Table 1: Ratios of wet to dry deposition by sedimentation for different air humiditiektgpes of aerosol (after ANEL, 1982).

Relative humidity (r.h.) Deposition of wet aerosol (r.h.> 0) / Deposition of dry aerosol (r.h. = 0)
in % Maritime aerosol Urban aerosol Background aerosol
40 1,0 1,1 1,0
90 2,0 1,6 1,7
99 6,0 48 4.4
99,9 24,8 16,5 16,6

exchange may lead to an increase of up to 20 % in péwstroboides), which is not a domestic species in Ger-
ticle concentration which runs counter to the filtratiomany and a deciduous one at that (GALK, 2006).
effect of particle deposition. BURKHARDT et al. (1995) demonstrated by electron

In addition to reducing near-surface air exchangmicroscope examination with a fluorescent marker that
vegetation also reduces the wind speed. Investigatialeposition was increased at certain cuticular areas of
carried out by ECKETT et al. (2000) in a wind tun- the leaf surface characterized by an especially complex
nel with NaCl particles indicate a clear relationship behree-dimensional structure. Increased micro-roughness
tween wind speedij and deposition velocity, as greatehas been discussed as a possible reason for higher de-
u gives larger particle inertia and, hence, more effepesition in these areas. Increased deposition can also
tive impaction. The role of vegetation as an obstacle b@ observed for comparable leaf appendages and struc-
air flow therefore has two negative effects on the polltdral features such as hairs and veins. For this reason,
tant concentration situation. Firstly, the reduced air eXHONNESSEN(2002) distinguishes between plants with
change means that the particle-laden air is replaced leesy rough leaf surfaces and higher deposition (accumu-
frequently. Secondly, the deposition mass flow is lowéators) and plants with surfaces favouring the removal

as a result of the reduced wind speed. of dust deposits by precipitation (self-cleaners) of the
type which has been observed for the lotus plant. How-
3.4 Effects of plant species and surface ever, it is not possible to make an assessment of long-
properties term filtering performance on the basis of this distinction

because no long-term studies have been performed on

The effects of plants species on deposition depend on the leaves of accumulators. A “saturation effect”, which
size scale considered. Regarding the plant as a whaweuld lead to reduced deposition in the case of large
deposition is mainly affected by the shape of the pladust deposits, can therefore not be excluded.
and the structure of the leaves or needles. Consideringln addition to their negative impact on near-surface
individual leaves, deposition may be increased or rexchange conditions (cf. previous section) plants may
duced by different surface structures. also be sources of particulate emissions under certain

The spatial structure of branches and twigs and thenditions. According to BAMBERLAIN (1975), wind-
shape of leaves and needles play a key role in the filtkerne pollen may reach concentrations ofiis—3 un-
tion properties of a plant. Wind tunnel testsg@&EeTT der extreme conditions (1000 pollen#), i.e. in the
et al., 2000) have shown that the deposition of NaCl paticinity of plants in bloom. However, most pollen grains
ticles is significantly higher on selected conifers (pingave an average diameter in excess ofifrf) they there-
and cypress) as a result of their more complex sgare do not fall into the PNy size category and are
tial structure than on deciduous trees (maple, poplagss problematical considering health effects as they can
A further disadvantage of deciduous trees is the laskarcely reach the human bronchi but are filtered out
of foliage outside the vegetation period which, consi#y the upper airways. An aspect that must be viewed
ered in absolute terms, reduces their filtration perfomore critically is the creation of particles by the emis-
mance. However, technical problems such as the nes@h and subsequent condensation of biogenic volatile
to ensure adequate drive-through heights, reduced s@leganic compounds (BVOCs) by vegetation. In studies
access for inhabitants in winter and poor resistanceifothe Fichtelgebirge mountains in North-East Bavaria
pollutants restrict the possible applications of conifet&ermany), HLD et al. (2004) registered an increase in
in urban areas. For this reason, of the 154 tree spedi@sticle concentrations through nucleation events in the
which have been tested as street trees in Germany, ofge of wind flow from a large coniferous forest (Fig. 4).
one is a conifer (Dawn Redwood/etasequoia glyp- Other parameters favouring these effects were found to
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Figure 4: Wind direction (grey dots) and particle number concentration at 22 m #lginva forest stand (black line) during nucleation
event on 27 July 2002 in the “Fichtelgebirge”, a mountain range in NE i&av@ermany (modified after £LD et al., 2004).

be dry atmospheric conditions and high short-wave radi- Mesoscale calculations and modelling
ation density. Nucleation events were observed on 20 %

of days in the measured period and must therefore jpghe preceding section, the parameters affecting the de-
regarded as a relatively frequent phenomenon. osition of particles were treated separately. However,
The size of the particles observed was between (ﬁfﬁorder to assess the possible filtration performance of
pm and 0.003um, a size range that is subject to highegetation, it is necessary to consider interaction be-
deposition velocities. It can therefore be assumed thgleen all these factors. In addition, particulate emissions
a large part of these particles were deposited again ify plants and increased pollutant concentrations as a re-
mediately following emission. However, as the mass gjjit of reduced near-surface air exchange also need to be
the particles measured increases in the course of a fiken into consideration.
cleation event as a result of condensation processes, it |% microscale urban Climate model Considering air
difficult to draw up a mass balance. It cannot be cleafyw in and around vegetation and the deposition of
determined whether the forest is a net source or a RRlticles is suitable for obtaining a view of the indi-
sink of particles with respect to their mass. Neverthgidual parameters taken together. For exampley 8
less, FELD et al. (2004) state that wooded areas areadd AEer (1999) introduced the three-dimensional
clear sink with reference to the number of particles. non-hydrostatic model ENVI-met to investigate surface-
plant-air interactions in urban environments. For the pur-
pose of this review ENVI-met has been used to model
3.5 Resuspension the concentration of particles above a busy road in the
central business district of Duesseldorf (North Rhine-
One of the main reasons for the variability of depositestphalia, Fig. 5). Only local traffic on the four streets
tion velocities is the resuspension of particles followinigp Fig. 5 was taken into consideration as line emission
deposition. As resuspension decreases rapidly with tis@urces. In order to assess the filtration performance
after deposition, it is normally already included in thef vegetation, the vegetation situations modelled were
deposition velocities measured and deposition velocitieempared with a situation without vegetation. The veg-
therefore do not need to be corrected for resuspensionetation scenario is based on the actual situation encoun-
modelling and calculations, it is also normal practice tered in Duesseldorf. In the scenario with vegetation the
integrate resuspension into the deposition velocity. Thsodelled particle concentration on the road with the
also applies to the deposition velocities mentioned reaviest traffic (B in Fig. 5) was up tofsg m—2 higher
previous sections. It is especially with reference to thiean without vegetation. The results of this modelling
factors of wind and surface structure that resuspensigumggest that the filtration effect of all types of vegeta-
has a significant impact on the resulting deposition viéen is negligible in comparison with the effect of re-
locity. duced air exchange, although the model includes gravi-
Using radioactive tracers, WHERSPOONand Tay- tational settling of the particles and removal from air on
LOR (1969) were able to assess resuspension after aimpact with obstacles (no resuspension). However, the
hour at 91 % in the case of an oak and at 10 % forrasults are of limited applicability as the technical possi-
pine-tree. The higher deposition velocities for conifetslities of the model only allowed a spatial resolution of
are therefore probably due at least in part to the lowgm. The difference between deposition velocities deter-
resuspension rate. Comprehensive overviews of resusned by modelling and measurement, which are very
pension in general are given by®HoLSON(1988) and significant in some cases, was already mentioned in Sec-
SEHMEL (1980). tion 3.1.
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Figure 5: The left side shows the model setup of buildings and vegetation (basefstze grid 5x5 m), average building height is 17 m
agl. Wind setting was 3 mrs in 10 m agl coming from the left. The particle emission (R)bof the line sources was set to 19.4 (A), 97.0
(B), 38.8 (C) and 5.9ug m~1 s~1 (D) respectively. The right side displays isolines of the difference itighe. concentration4Cp) with

and without vegetatiomCp = Cyegetation — CNo Vegetation) in 2 m agl.

Despite the negative impact on local particle concen-
tration, particles were nevertheless deposited on the veg- Mg =Vg-Cp-A (4.2)
etation surfaces and therefore contributed slightly to tlcrs

n_r;proyemerp_: of gerleral air dq_uaélty. _Ho;/vzvsr, the S'? e concentrations, this deposition was totalized for one
cific air quality near to a road 1s dominated by powerty, - anq related to the total mass of particles in the mix-

sources of emissions, which provide a continuous SL{%@ layer height (h) of the city (estimated from the values
t

ply of parti.cles and can therefore scarcely be improv% he nearest measurement station, located in Peoria,
by }/egeéatl?n. the role of tation in i . IL). For this purpose, the total mass of particle$q(s)
N order {o assess he roie of vegetation In IMProving, ¢ o stimated by taking the product of the mixing height

general air quality, filtration performance has been e city area Ax) and particle concentratiot) (E
trapolated for a number of cities. For exampleg\Wak () city feiy) P 0 (Ea.

e 3).
(1994) calculated total annual deposition of 212 t;gM . _
for Chicago, IL (90 % deciduous trees, vegetated area: Mota = Cp- - Aciy (4.3)
11 % of city area). In the vegetation period, this woulllOWAK and QRANE (2000) adopted a similar approach
correspond to an average reduction of 0.4 % in partpr New York City (tree cover: 16.6 %). In this case,
cle concentration in the mixing layer above the city; fdPtal annual deposition was 470 t Riand the reduc-
some densely vegetated areas of the city, even a redi in particle concentration during the vegetation pe-
tion in particle concentration as high as 2.1 % was cdiod 0.5 %. The data of urban vegetation (cover, species,
culated. Nowak used the vegetation records of the clgaf area index etc.) were determined by field inves-
to calculate vegetation surfaces in 117 city districts digations and to a certain extent by evaluating aerial
the basis of the leaf area index. For particle concephotographs. Deposition was calculated using a method
trations in the districts, values from the nearest of th@ased on MwAK (1994), and a constant deposition ve-
14 measurement stations installed were used. Depdegity of 0.64 cm s* was assumed for the vegetation
tion velocities were calculated from published values griod (0.14 cm s outside the vegetation period).
Canopy-resistancﬂ) and Weather-dependant aerody- The improvement in air quallty as a result of the de-
namic R.) und quasi-laminar boundary layer resistand#sition of dust on plants, calculated using the depo-

obtain an indication of the improvement in parti-

(Ry) using Eq. (4.1). sition rates assumed bydWAk (1994) and NMWAK
and RANE (2000), is therefore very slight and could
Vg = 1 4.1) scarcely be confirmed by concentration measurements.
Rat+Ro+Re

. . .5 Estimate for an arterial road with
Deposition flux densities were calculated for the city heavy traffic

districts from particle concentrations and deposition ve-

locities using Eq. (3.1). These were then multiplied bhe calculations made in the preceding section show
plant surfaces) to give deposition mass flow ratas{ that effective filtration is largely dependant on the de-
in ug s4) (Eq. 4.2). position velocity used.
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Table 2: Published deposition velocitiegy), depending on plant species, particle sidg) ind wind speedy) (from FREER-SMITH et al.,
2005; SEHMEL, 1980).

Author Year Species d, in pm uinms’ v,incms’
Bunzietal. 1989 Piceaabies ... L
WHITE a. TURNER 1970 Fraxinus excelsior 0,1-20 2 |
Quercus petrea 0,1-20 2 |
Betula pubenscens 0,1-20 2 |
,,,,,,,,,,,,,,,,,, Corylusavellana_ 0120 2 ...\ .
HoRI 1953 Picea glehnii 20 1,4 |
PETERs a. EDEN 1992 Piceaabies 1 .05 ...
BECKETT et al. 2000 Pinus nigra 1,28 1-3 [
Cupressocyparis leylandii 1,28 1-3 | I
Acer campestre 1,28 1-3 | —
Populus deltoides 1,28 1-3 | I
__________________ Sorbus intermedia_____ 128 138 E—OJ
FREER-SMITH et al. 2004 Quercus petrea 0,8 3 |
Alnus glutinos 0,8 3 |
Fraxinus excelsior 0,8 3 1
Acer pseudo-platanus 0,8 3 |
Pseudotsuga menziesii 0,8 3 |
Ficus nitida 0,8 3 |
__________________ Eucalyptus globulus 08 .3 ..\
QUARG 1996 Grass 0,1-12 [ I ]
GALLAGHER etal. 1997 Pseudotsuga menziesii 00110 _____________ L .
CHAMBERLAIN 1966 Grass 32 1-7,4 | E—
BELOT a. GAULTHIER 1975 Pinus and Quercusshoots 2 110 == L —— N
NickoLA a. CLARK 1976 Artemisia tridentata 5 [ |
Horeervetal 1976 Grass 18 | — T3
SIMPSON 1961 Artemisia tridentata 2,5 |
CLOUGH 1973 Grass 1-10 6 |
T T T T T 1
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Figure 6: Ratio of deposition flux to traffic emission flux depending on surface aff@agetation and deposition velocityy] in a street

section of 100 m length. The black line shows the deposition velocity fo&®of vegetation surface area and a ratio of deposition flux
to traffic emission flux ratio of 100 %(1.6 cm s, see text for explanations).

Deposition velocities previously published cover a In a sample calculation, the filtration (deposition ef-
range of more than four orders of magnitude (Tab. dgct) of targeted planting on an arterial road with heavy
The question therefore arises as to how high the depdsaffic was therefore considered as a function of deposi-
tion velocity must be in order to result in a measurabten velocity and the plant surface added to the system.
improvement in the particle concentration situation arid order to make filtration performance clearer, deposi-
whether previously published deposition velocities cdaion mass flow to vegetation surfaces is plotted against
reach this order of magnitude at all. vehicle particulate (PMy) emissions in % in Fig. 6. A
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Table 3: Deposition velocities of Plyp, PM, und PM, on the foliage ofPinus sylvestris, X Cupressoparis leylandii, Acer campestre,
Populus deltoides X trichocarpa ‘Beaupré’ andSorbus aria (modified after REER-SMITH et al., 2005).

Particle size Deposition velocity in cm s

fraction Pine Cypress Maple Poplar Whitebeam
Sussex field site

PMjq 2,8 3.4 3,6 0,6 5.4
PMp 1,8 4,6 9,2 0,8 11,0
PM1 36,2 33,7 31,7 254 27,2
Withdean Park

PM1g 4,7 6,2 1,8 0,4 33
PMp 6,1 3,7 25 0,8 4,5
PM; 29,9 19,5 11,6 12,3 16,9

value of 100 % would mean that the filtration perforsurface and the published values for deposition velocity.
mance of the plants fully compensated for the additionghe negative effect of vegetation on near-surface air
pollutant load caused by road vehicles. exchange has not been taken into consideration here as

For a road section with a length of 100 m, averageresult of the complex interactions involved. However,
daily traffic of 40,000 vehicles and an assumed emis-order to compensate for local road vehicle emissions,
sion factor of 100 mg km! vehicle™! PMyo (rounded very extensive vegetation would be needed and it would
value, e.g. RING et al., 2004) the average emissiobe necessary to consider the possibility of planting
mass flow is 4.63 mgs. conifers by roadsides.

At 37 ug m=3, the average annual Plyiconcentra- Not only as regarding the deposition velocity as-
tion (Cp) corresponds to that of an arterial road witsumed but also as regarding the method used, the investi-
heavy traffic. If 40 deciduous trees were planted on bagations of REER-SMITH et al. (2005) are an exception.
sides of the road (5 m crown diameter, leaf area per ufitcording to the information provided by the authors,
ground surface covered LAI 5), a vegetation surface tife deposition rates used were measured in situ for the
about 3,000 rawould be created; with a fagade height diirst time. For this purpose, atmospheric particle con-
12 m and a section length of 100 m, facade vegetation centrations at two locations (urban area and surround-
both sides of the road could provide a maximum vegetag countryside) were measured continuously by optical
tion surface of 2,400 &\(4,800 nt with an LAl of 2). As particle counters during a summer measurement period
a result, the maximum possible vegetation surface af@adays in August 1998). At the end of this measure-
(Ata) for the road section would be about 8,008.mment period, the particle mass deposited on the leaves
The deposition mass flow can be calculated from theskfive different tree species was determined gravimetri-
values using Eqg. (4.2) as a function of the vegetatiaally and a deposition mass flux density was calculated
surface and the assumed deposition rate. using the area of the leaf samples. In combination with

For the maximum possible vegetation arethe results of the concentration measurements, it was
(8,000 nf) 100 % compensation for road vehiclghen possible to calculate deposition velocities using Eq.
emissions is only reached at a deposition velocity {2.1). The resulting deposition velocities are remarkable
excess of 1.6 cm$. Tab. 2 shows that deposition(Tab. 3). With the exception of the poplar, the deposi-
velocities of this order of magnitude have already bedion velocities determined for the two locations were sig-
measured. However, it should be noted that some rificantly above 1 cms for all particle size fractions.
these measurements were based on particles witftee deposition velocities for PMincluding the poplar)
diameter of up to 2Qum which reach high depositionwere in excess of 10 cm$, not only about two or-
velocities by sedimentation (cf. Tab. 2). In other studieders of magnitude above the valued determined by mod-
high filtration performance was only reached at highlling but also higher than the deposition velocities mea-
wind speeds which are not representative of urbaored by other methods (wind tunnel, eddy-covariance,
conditions. The figures given by ABLAGHER et al. cf. Fig. 1). Applying these values to the example of the
(1997) were measured by the eddy covariance methaxtierial road with heavy traffic mentioned above, only a
in a Douglas fir forest with an area of 3000 ha and afew trees would be adequate to compensate for road ve-
therefore only of limited relevance to small areas dficle emissions in the size class PMhich is especially
urban vegetation. It can therefore be stated that it wowd@nificant in view of health aspects. However, these re-
be just within the bounds of possibility to compensatults have not yet been confirmed by any other studies
for local road vehicle emissions using vegetation withased on the same methods.
the (optimistic) estimate of 8,000 dmof vegetation
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