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ABSTRACT aethalometer, two TEOM, an ELPI and total

In order to better characterize the dynamicalSuspended filter. One of the objectives of this
processes driving the aerosol distribution in theveay ~ C@mpaign is to find a way to convert the optical
network, the RATP, the Paris district public information frqm'the lidar into mass concentration
transportation agency, performed two experiments atevels. A feasibility study of scanning horizongall
Nation station using the innovative EZ AEROSOL and vertically in the platform has also been
LIDAR™ system, developed by LEOSPHERE and conducted during the second campaign.

LSCE. Two studies have been conducted on April

The unique performances of this system have2007 and November 2007 at Nation station (RER
enabled to qualitatively survey the aerosol spatial)- Their results and conclusions are presented in
distribution along the 225 m of the platform andtap  this paper.
360m inside the tunnel, pointing out the variapilitf
the aerosol spatial distribution, with high spaftab m) 2. INSTRUMENTAL SET-UP
and time resolution (between 1s to 1mn). Such
continuous monitoring of the aerosol dynamic During this campaign several instruments
highlights the relative influences of the re-suspemof ~ Were installed inside the underground railways
particles, brakes of the trains and inputs fromdoat ~ station. We used two lidars and several in-situ
environment. These results could possibly lead tomeasurements instruments: a nephelometer, an
modeling tools able to better assess both RATPsuser@ethalometer; two TEOM, an ELPI which can make
and employees exposures according to their locatiofneasures continuously. Total suspended filter were
and residence time in the station. Mass conversiotised during this campaign.
retrieval protocol from the lidar signal has been

attempted using a calibration by in-situ sensonsndu 1.Lidar characteristics
day and night. Results show a strong correlatioth wi
TEOM measurements during normal traffic conditions Two EZ AEROSOL LIDARS ™ ALS300

but underline the need for better characterizatibthe ~ were installed inside an underground railways
aerosol microphysical properties, and their valitgbi station and placed on both sides of the platform.
and distribution under other traffic conditions. These instruments worked at the wavelength of 355
nm and have a spatial resolution of 1.5m. One of
them, commercialised by Leosphere, is equipped
with a cross-polarisation detection channel.

The raw lidar signal is inverted using the
1. INTRODUCTION “slope method” coupled with a calibration by the
d nephelometer and the aethalometer. From this
calculation we retrieve the extinction profile afpn
the station.
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The pollution of particles inside undergroun
railways stations becomes a real problem in ourenod
societies. That's why it becomes necessary to atalu
the mass concentration in this location and thecasu
responsible for this concentration. In this way, TRA
and Leosphere have started studies in order to
characterize the aerosol present in the subwaytand  NEPHELOMETER
identify the phenomenon of the accumulation of The three-wavelength (450, 550 and 700
particles. nm) nephelometer (manufactured by TSI) was

Several instruments have been placed in annstalled inside the underground railways station.
underground railway station : two lidars and inssit Measures the aerosol-scattering coefficient in a 7—

measurement  instruments, a nephelometer, ah’0 ° Scattering angle range through a PM10 inlet
head. To take into account the non-observed

2. In-situ measurements



scattering angles, a correction factor has beeesasd installed another lidar on the opposite side of the
from Mie computations to be close to 1.020 for arba platform in order to completely described both
aerosols. To compare the nephelometer measuremergatry and exit of the station (Figure 1). For the
to the 355nm lidar measurements, they have beereason that the volume of data for a three week
corrected by the Angstrom exponent calculated froncampaign is very huge we decided to reduce the

450 and 550 nm channels. temporal resolution to one shot per 20 seconds or
per minute.
Teom The result of these studies is that we have

The TEOM commercialised by Ecomesure is aobserved different phenomenon during the passing
real time instrument which can measure the mass inf a train. First, after each train arrival, we &av
dust deposed on a filter through a PM10 inlet head. seen a large variability in the lidar echo. It skow

that the train ejects dust plumes during the bigakin

ELPI between each wagon which are responsible for a
The Electrical Low Pressure Impactor (ELPI) is large heterogeneity into the station. (Figure 2 3nd
a real time particle size spectrometer designethet Another phenomenon is the re-deposition of

Tampere University of Technology (Delkati, Ltd., particles. Actually, we have seen that after the
(http://www.dekati.com/elpi.shtml)  for  real-time passing of a train, we can observe several
monitoring of aerosol particle size distribution movements of particles into the station. After abou
(Keskinen et al., 1992). The ELPI measures parside 25 minutes, the level of particles comes back to a
distribution in the size range from 0.028 to 1083 background level.

within 12 channels.

The principle is based on charging, inertial During the November campaign, we
classification, and electrical detection of thecaet performed a feasibility study of horizontal and
particles. The instrument primarily consists incroma  vertical scanning. at small angles. In the figureet
charger, a low pressure cascade impactor and @n see a sample of horizontal scanning. These
multichannel electrometer. It is used to retriebe t measurements have been realized at night, so we
aerosol number size distribution at the surfacesllev were not able to detect any specific phenomenon.
The accuracy of the aerosol number concentratiofzven though, we can say that this type of measures
measurement is about 5%, according manufacturer usés realizable in this kind of location and may show

manual. phenomenon of deposition of particles during the
traffic. New measurements with scanning during
AETHALOMETER normal traffic conditions may able to know the

The aethalometer instrument (manufactured b)yer_nca(; Ioga_ﬂon of the maximum aerosol load
Magee Scientific Company) permitted the assessmerftnitted and its transport.
of the black carbon concentration (BC) within an

average time of 2 min. The atmospheric samplingewe 2. Mass conversion
performed through a PM10 inlet head. The instrument ) o ) )
permitted to calculate the absorption of aerosots get One second main objective of this campaign

the extinction values by combining with nephelomete Was to determine a protocol to convert the optical
information from the lidar into a mass concentnatio

TOTAL SUSPENDED FILTER value. If this conversion is possible, the lidan ¢e

. ._able to be used in order to respond to the linwitesti
Samples of particles have been analysed durmgn mass concentrations

this campaign in order to evaluate the part ofigas

bigger than PM10, measured by TEOM. Two methods have been studied. The first
' one is based on the aerosol properties. Actualty, i
3. RESULTS AND DISCUSSION possible to have the value of mass concentration

from the value of extinction by the following

1. Spatialisation expression [2][3]:

During the first campaign we have used only one 4 ar3
lidar at the high temporal resolution of one shet p M = _p_d
second. In this configuration we have been able to 3 S

follow fast phenomenon. The overlap from the lidar extinction coefficient (i)
about 100m. During the second campaign we have o5 section Q)



d density (ug.n) 5. REFERENCES
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This correlation is possible because the results o SFERA conf..

the total suspended filter shows that most of th
particles are PM10. Actually, we have compared th
total suspended filter, which measures all of th
particles, as the lidar does, to the values from th
TEOM, which measure only the PM10. We also
checked that particles are spherical using theseros
polarisation channel from the ALS.

Thanks to this method, we have been able 1 FIGURES
convert the optical information into a mass
concentration with a very good correlation of 89%
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during the day and 86% without traffic influencen O s ’;ﬁ‘:f'mé“e
the Figure 5, we can see the comparison between th @ Lidar
value of mass concentration from the TEOM and from = e
the conversion. The estimated error from the caivar '4 UL U LUt T

is about 30% compared to the error from the TEOM Ouiition RER A

which is around 20%. L= [T b
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4. CONCLUSION AND PERSPECTIVES

The two campaigns inside an underground '

railways station have shown the feasibility of adst Longueur du Quai 225 m
with a lidar in this kind of location at once omdi aim M
or on scan.

Moreover with this kind of measurementls we Figure 1: Instrumental set up. Pink lines indictie
have underscored several phenomenons during thgser peam path.
passing of a train. The lidar is able to show whbee
accumulations of particles are. With this instrumeve
have seen the influence of the braking and of ithe |
access. A lidar may have a huge utility in thisdkiof
location to detect sources of pollution in ordereéduce
the number of particles.

We have seen that a conversion of the optical
signal to a mass concentration is possible with a
calibration with a TEOM. This opportunity can besds
to know the mass concentration in each point of the
station. Today, we have information about somegdac
in the station.



Figure 4: Horizontal lidar scan within the Nation
subway station. Strong returns are due to theostatalls
and on the curved tunnel wall. Some small aerosol
variability was present during the measurementaciol

Figure 2: Heterogeneity of the aerosol into theidtastation circles).

in Paris. We show here the influence of platforroeeas and
train braking vs distance along the platform arapséd time
(in absciss).

ALS vs TECIS0m:

LA vs TECRI120m:
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Figure 5 : Mass concentration retrieved from TEOM
(black line) and lidar signal (red line with error bar)
using calibration by TEOM at 80m on the 21st for
the lidar at the end of the platform (a), and on the

Figure 3 : Braking phenomena when the train entrigs the 27th at 120m for the second lidar (b).

station. on the 2% of April 2007. Pink squares indicate the

wagon location.



