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Abstract: In order to evaluate the impact of aerosol pa@lubn ecosystems, we have to study the transfetifins of particles on vegetated
canopies. One of them is the dry deposition, wisatefined by the deposition velocity (Vd): theioatetween particles surface flux and the
atmospheric aerosol concentration nearby the sirfiisis deposition velocity depends on many pararaefor example, the topography
ground, the substrate, the micrometeorological itimms (turbulence) and the aerosol characterigtize, electric charge).

Nowadays, there are several models of aerosol efppsition which consider the effects of the turhaks the particles size for a large range
of diameter (some nm to 100 um). In the case obparticles, there is not enough reliable experiaetata to allow a comparison with the
dry deposition models. For operative models, thatedng of Vd experimental data of nanoparticlesai rural environment creates
uncertainties larger than one order of magnitudiee Jtudy of the aerosols dry deposition velocity femained an international challenge
since the sixties and involves an in situ experiraleapproach, in order to consider the local palidties (substrate, turbulence, vegetated
canopies, etc...)

The main aim of this study is to obtain experimedtda on aerosol dry deposition velocities ontalrareas. Therefore we have developed
a direct eddy covariance method with a spectralyaiza The use of an Electrical Low Pressure Impa@@utdoor ELPI, Dekati Inc.) for
this method enables to calculate dry depositionoreéés for atmospheric aerosols sizing from 7 on2 tum (Damayet al, 2009). In this
work, we present the impact of micrometeorologjmalameters and particle size on the dry deposiébocity and make comparison with
the Slinn model and the Zhaergal. model.
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INTRODUCTION

In order to evaluate the impact of the aerosolypiolh on ecosystems, we have to study the trafsfietions of particles on
vegetated canopies. One of them is the dry depasitihich is defined by the deposition velocity jVthe ratio between
particles surface flux and the atmospheric aerosokentration nearby the surface. This depositielocity depends on
many parameters, for example, the topography graiedsubstrate, the micrometeorological conditignbulence) and the
aerosol characteristics (size, electric charge).

There are several models for the dry depositiomeobsols onto vegetative canopies, which consideetfects of turbulence
and the different mechanical processes (Browniafugidh, impaction, interception, and sedimentatiwhich drive
deposition according to particle size for a widege of diameters). As an example, the models ofS11982) and Zhanet
al. (2001) are often used for air quality predictidiere is more than one order of magnitude betwierpredictions of
these two models for fine particles (< 2.5 um)this context, data are needed to validate the rsodel

Most of the dry deposition measurements come fronguality studies (McMahon and Denison, 1979; Sehrh980). In
another study (Petrofét al, 2008), the relationship between dry depositieoeity over grassland and aerosol size is
highlighted. These studies underline that the datahighly scattered for particle sizes below 1 rorthermore, no values
are available as a function of micrometeorologpsaiameters for diameters under 0.05 pm.

The aim of this study is to obtain experimentalda aerosol dry deposition velocities onto ruraba. Therefore we have
developed a direct Eddy Covariance (EC) method: tigeddposition flux is calculated from the covarianzetween the
fluctuations of the vertical wind speed and of #tmospheric particle concentration. The use of lactEcal Low Pressure
Impactor (outdoor ELPI) for this method enablesatculate dry deposition velocities for atmosphecosols sizing 7 nm
to 2um. This method has been developed and presentietail by Damayet al.  (2009). So the method will be presented
rapidly, to focus on the results, especially theaat of micrometeorological parameters and of glartsize on the dry
deposition velocity and comparison with the moaéISlinn (1982) and Zhanet al (2001).

MEASUREMENT OF THE AEROSOL DRY DEPOSITION VELOCITY BY A DIRECT C OVARIANCE METHOD
The experiment was carried out in June 2007 and 2008, on a rural area covered by maize. Thassggguated 70 km of
the city of Bordeaux (44°25'N, 0°40'W) in France. eTkite was well-suited for using the Eddy Correlatinethod with
more than 600m of similar vegetation observed lirihel wind directions and with few strong emiss&murces of aerosols
which could convect to the measurement system. eltoemditions promote a steady concentration of smdso but
nevertheless, rigorous quality tests were appledeach calculated flux to check for the steadinekghe aerosol
concentration, and those measurements were in stazdriayer flux. This will not be presented heezduse it has been
described in the work of Damagt al. (2009). During the campaign of measurements, raiffe micrometeorological
conditions have been observed: stable, neutraliaathble conditions.

The wind speed is measured by a sonic anemomgtat fit a height of z=6m, with a sampling rate dfl40The aerosol
concentration is measured by an Electric Low Pressmpactor (ELPI) which measures concentration ¥oclasses of
aerodynamic size between 7 nm apdn2

For each 30 min period, and for each range of aésize, the aerosol vertical flux F is calculagedthe covariance between
the vertical wind velocity, w (m?, and the aerosol concentration, ¢ (particlé$.rithe dry deposition velocity is deduced
from the ratio between this aerosol vertical fllndaghe mean aerosol concentration. Due to the Espanse time of the
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experimental setup compared to the turbulent ticades of the particle concentrations, a flux cdioechas been applied. It
is based on the spectral analysis because a stgntias been observed between the cospectra okttieal wind speed and
temperature and the cospectra of vertical windapeel particle concentration in the surface layer.

Therefore, an important data processing with quédists has been developed and a method to ctineespectral loss, based
on spectral similarity, has been performed anddasdid. All this work has been presented in detaihe work of Damayt
al. (2009) and will not be presented here.

IMPACT OF MICROMETEOROLOGICAL PARAMETERS AND PARTICLE SIZE

The dry deposition velocity has been determineddftferent sizes of aerosol corresponding to edabesof the ELPI, at
different periods in a day and for different dafs.example (June 162007) of diurnal pattern of dry depositiory, ¥or two
aerosol aerodynamic diameters (70 nm and 120 nmefpectively the stage 3 and 4 of the ELPI) isashon the figure 1.
Similar evolutions have been observed for the otleeosol sizes and for the other days of the measnts.
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Figure 1: Example of diurnal pattern of the dry algfion velocity for 2 aerosol size: 70 and 120 nm
Comparison with the diurnal evolution of the selesheat flux H and friction velocity U*, normalizdxy their respectivenaximum.

The results are similar to those of Lamaaidil (1994 a and 1994 b) and those of Held and Klen®@&® although it was
over a different canopy (forest). The evolutionvaf is similar and the maximum value of 33ms! is the same order of
magnitude for the studies cited above. A largeatamn for Vd was observed between nocturnal anchdiuesults.

During the campaign of measurement, different nretegical conditions have been observed. The attrersp turbulence
is principally due to thermal and mechanical efed@he sensible heat flux (H, W3nand the friction velocity (U*, m$,
are two important parameters to characterize tmespheric turbulence because H characterizes ¢nméh properties of the
turbulence and U* the mechanical properties. Adargriation of these two parameters has been odxddretween diurnal
and nocturnal episodes. The evolutions of the bensieat flux and the friction velocity normalizég their respective
maximum (Hh=144 W.n? and U%,,=0.6 m.§") are plotted in fig.1 and show a large variaticetvieen diurnal and
nocturnal episodes as well.

Impact of micrometeorological parameters

The figure 1 shows there are some correlationsdmivthe evolutions of the dry deposition velocity, Yhe friction velocity
U*and the sensible heat flux H. An increase of HUdrseems to increase the dry deposition velo8ty, the evolution of Vd
has been plotted in function of U* (A, on the rigahd H (B, on the left) on the figure 2. This figuepresents the results
obtained for the second stage of the ELPI (whialhesponds to an aerodynamic diameter of 33nm).|&imavolutions have
been observed for the other aerosol sizes.
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Figure 2: Evolution of Vd in function of the frici velocity (A, on the right) and of the sensib&bflux (B, on the left).
This was obtained for the second stage of the EldRlfor an aerosol size of 33nm.

The figure on the left (B) shows clearly the effetthe sensible heat flux on the dry depositiolocity values: Vd increases
with H and we could suggest a linear evolution dfwith H but we can’t forget that the thermal tudmee (represented by H)
and the mechanical turbulence (represented by &H)icfluence Vd simultaneously. So, the linear @sgion plotted on the
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figure 2 is only an indication of the evolution.eTHispersion of the points around the curve istdwexperimental uncertainties
and to the mechanical effect of U*. The figure ba tight (A) shows the effect of the friction vatgdJ*. The dispersion of the
points is more important than for the figure Bohdler to dissociate the thermal and the mechaaftedt, Vd has been plotted
in function of U* for two different scales of valsiéor H: low sensible heat flux (H<50 Whinand high sensible heat flux (>50
Wm). This value has been chosen because during g, tie values of H stays smaller than 50 $\and in the day, the
values are greater than 50 ViinWhen the thermal turbulence is low (I.E. H smalil is linear with U* and the ratio Vd/U*
can be considered as constant. Similar shapeshmre observed for the other aerosol sizes butfonlthe days where the
values of H are contrasted between day and nightth®r step would be to introduce the Monin-Obuklength, which
characterizes the atmospheric stability, as itdeas realized by Wesety al (1985) and Lamauet al. (1994b).

Impact of aerosol size

For neutral and stable atmospheric conditionstttemal turbulence is generally low, and in thae¢ad/d/U* can be considered
as constant. So, an average of Vd/U* can be catmlfar each range of aerosol size for neutralsiable conditions. On the
figure 3, each average of Vd/U* (with its standdeViation) has been plotted in function of the dgnamic diameter of the
aerosol. The values are constant for little silEss(than 0.um), then, decrease slowly, to increase rapidlytferbiggest sizes.

COMPARISON WITH MODELS OF DEPOSITION

Two analytic models, often used for air qualitygiction, have been compared with experimental d&tanget al (2001) and
Slinn (1982). The figure 3 also shows the resuiimioed with these two models. For these modetsgan friction velocity
value of 0.26 m:5was taken and the main parameters chosen aredds0D(€he displacement height)=0.095 m, h=1.25 m
(the height of the canopy), z=6 m and 1/L= -0.00§Imbeing the Monin-Obukov length).
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Figure 3: Evolution of the ratio VVd/U* in functiaf the aerodynamic size of the aerosol for neaindl stable conditions.
Comparison between experimental results and thgtmmaodels of Zhangt al and Slinn.

The global shape of the evolution of Vd/U* in fuoet of the aerosol size is similar for the two misdée values decrease and
then increase. Nevertheless, there are importHatetices between the two models: the minimum idawated at similar sizes:
0.2um for Slinn and 2um for Zhanget al. and the values of the minimum for each model #ferdnt: practically one order of
magnitude.

For sizes smaller than Qu&, Slinn is not so far from experimental measuremeBut generally there is a difference between
experiments and models, especially for Zhahgl: on the one hand, for small sizes, the experiaterglues stay almost
constant (compared to models shape) between 7 did. apm whereas the models values decrease stronghhelsthier hand,
for the biggest sizes (after OBn), there is an important difference between erpemtal and models values (one order of
magnitude) and the experimental values increase rapidly than the models values.

To determine the dry deposition velocity, the medake into account the different mechanical prseeshat drive deposition:
Brownian diffusion, interception, impaction and iseehtation. The figure 4 shows the part of eachhaeical process for the
two models. The figure 4.A (on the left) represetis evolution of Brownian diffusion and the figueB (on the right)
represents the evolution of interception and impact
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Figure 4: Comparison between experiment and medsisutral and stable cases
At left (A): zoom on the Brownian diffusion — Agtit (B): zoom on impaction and interception
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The figure 4.A shows that the Zhaegal model overestimates the Brownian diffusion. Tikislue to the lack of empirical
weightings in the efficiency expression of the Zipat al model. The Slinn model predicts also importarities of the dry
deposition velocity but only for very small parésl(less than 20nm).

Between 0.5um and 2im, the figure 3 shows that there is an importaifédince between experimental and model values (one
order of magnitude) and the experimental valuesease more rapidly than the model values. This roaan that the
interception and the impaction are underestimaieth® models whereas they are the preponderantamieeh processes of
deposition in this range of size. The figure 4.Bresents each mechanical process for the two mdslele and Zhangt al.

give the same results for the impaction but notlierinterception: the Zhareg al. interception is a lot smaller than the Slinn
interception. Furthermore, the Slinn intercepti®a little underestimated and avoids the totaldgyyosition velocity of Slinn to
reach the experimental values. For the impactiven éf the two models give the same results, thmosion velocity values
due to impaction are not sufficient to reach theeeinental tendency for the biggest aerosol sizes.

CONCLUSION

A method based on direct Eddy Covariance with atsgdeamnalysis has been developed (Daetagl, 2009) and used to obtain
experimental data on aerosol dry deposition veé&scionto rural areas covered with maize. The usanoELPI enables to
calculate dry deposition velocities for atmosphescosol sizing from 7 nm to2m. The influence of 2 micrometeorological
parameters, the sensible heat flux H and thedrictielocity U*, on the dry deposition velocity hasen shown. In neutral and
stable meteorological conditions, the experimemsililts have been compared with the Slinn modetlam@hanget al model
which take into account the principal mechanicaicpsses that drive deposition (Brownian diffusioterception, impaction
and sedimentation). Experimental results are neargtinn results than to Zhamg al. results. Nevertheless, compared to the
new data obtained in this work, the two models s&eoverestimate the Brownian diffusion (especitily Zhanget al. model)
and to underestimate interception and impactionhar@ems. A sensibility study of the models couldrieresting to see the
effect of each parameter used in the models bedhese parameters are linked to measurementseeafizwind tunnels
(Chamberlain, 1972) and not on real rural areas.
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