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Abstract

Atmospheric particleis one of the major air pollutants, and believed to be
important forair quality,radiative forcing and climatéleasurements of aerosol optical
properties, size distribution and Rioncentration were conducted at Orleans, central
France during spring (7 March to 25 April) and autumn (25 October to 5 December)
2013. The average values of aerosol scattering coefficiegt ébsorption coefficient
(babg, single scattering albedo (SSA) at 532 nm anddRl®hcentration are 549058.2
Mm™, 10.6+ 10.9Mm™, 0.81+ 0.10and 30.6+ 21.6¢ g P for the spring campaign,
and 35.4+ 36.7Mm™, 3.9+ 4.4Mm™, 0.83+ 0.13and 17.4- 11.8¢ g £ fomn the autumn
campaign respectively During the whole observation, the air parcel transported from

Atlantic Ocean plaga role in cleaning up the ambient air in Orleans, while the air mass
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coming from the Eastern Europe indwdée pollution events in Orleans this study,

a simple approach, which based on the diurnal variation ofo RlRhcentration,

Boundary layer depth (BLD) and the human activity factor derived from anthropogenic

emission rate, was introduced to estimate the contribution of secondary aerosol to

ambient aerosolsOur resultsshow that secondary particlésrmation trigged by

photoclkemical reactios and oxidationsan contribute maximurof 64% and 32%or

PMiomass concentration during the spring and autumn time, respectively. These results

highlight that photochemical react®oan enhance thegmospheric oxidation capacity

and may &ster the secondary particle formation and thlag an important role in air

quality.

Keywords: Photochemical reactions, Optical properties, Size distribution, Ofleans

France, Secondary formation.

Introduction

Atmospheric particles play an important role in affecting air qualayjative

forcing and climatgCharlson et al., 1992Aerosol particles influence climate both

directly, by scattering and absorbing solar and infrared radig@darlson et al.,

1992;Haywood et al., 1997/and indirectly, by altémg the albedo and lifetime of clouds

(Kaufman et al., 2005)n addition, the visibility (Vis), as the most readily pereeiv
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impact of air pollution, is highly dependent on the aerosol loading, and can be calculated

by aerosol extinction coefficientdl), i.e., Vis=3.912/k: (Seinfeld and Pandis, 2006)

The new particle formation (NPBnd secondary particle (including inorganic and

organic) formation processes in the atmosphere can lead to increase of particle

number/mass. NPF is one of the main sources of the atmospheric aerosols under the

clean environment (such as foréstakela et al., 1997and Arctic marine boundary

layer(Covert et al., 1996) Binary nucleation of E6Q-H20 and ternary tE5Os-H20-

NHs were considered as the commonly way for NBEinfeld and Pandis, 2006)

Recent study reported that the presence of athogen et al., 2008;Paasonen et al.,

2012;Lv et al., 2015pr organic compoundZhang et al., 2004;Schobesberger et al.,

2013;Wang et al., 201fpay play anmportant role in NPF events. NPF can lead to

significant increase of ultrafine particle number concentrgtarmala et al., 2004)

however, further studies are needed to quantify its contribution to total particle mass

loading. Secondary organic aerosdBO@) are major contributos to aerosol mass

loading, as reported by previous measureméatsing et al., 2007;Jimenez et al.,

2009;Huang et al., 2014y he common mechanism of SOA formation is the diada

of volatile organic compounds (VOCs), forming products of lower volatility that

subsequently condense to the-pxisting particles. Organic aerosols account for a

significant fraction of atmospheric aeros@@axena and Hildemann, 1996;Kanakidou
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et al., 2005;Zhang et al., 2007here is growing evidence to show that the organic

aerosols, especially SOA particles, play important role in affecting the air quality. On

the other handsecondary inorganic aeroso{SIA), mainly nitrate and sulfate,

constitutealso a major contributor to particle mass loading, as reported by previous

observationalLiu et al., 2017;Wu et al., 201&nd modelling studiefChen et al.,

2016a;Chen et al., 2018}1A is usually formed from the oxidation of 5@nd NQ in

heterogeneous reactiofielieveld and Heintzenberg, 1992;Riemer et al., 2003;Brown

and Stutz, 2012;Chen et al., 2016a;Chen et al., 2&i@)gaseous reactions followed

by neutralization with ammonia and condense oregisting particlesurfaceSeinfeld

and Pandis, 2006)herefore, the oxidation of MCs is a critical process of SOA

formation the oxidation of S@and NQ areanimportant process of SIA formation.

Photochemical reactions are important source of oxidizing agents in the

atmosphere, e.g., ozone and OH radical. Aerosol optical properties are suggested to be

good indicators of photochemical reaction events. Aerosol optical properties are

believed to berelatedto their chemical composition. It is well known that light

absorptiorby dust and black carbon aerosols has a warming effect on clidaatbson,

2001;Yang et al., 2009;Bond et al., 20@Bjile light scatering from inorganic aerosols

such as sulfate, nitrate, and sea salt has a cooling effect. Field and laboratory studies

have reportethat the optical properties of organic aerosols are very complex and most



of them exhibit light absorption properti€zhow et al. (20099 bserved increasing light
absorption toward shorter wavelengths during afternoon hours at the Fresno supersite

85 when the SOA formed by photochemical reactions dominated the total aerosol carbon
mas. All those studies suggest that the aerosol absorption related parasueterss
absorption coefficient @by and especially the aerosol concentration independent
parametersingle scattering albed(5SA), are good indicators of the atmospheric
photoclkemical reaction events.

90 In the last decade, aerosol optical properties have been investigated intensively in
the world (Table 1), especially in China, but only limited studies were conducted in
Europe, andenerallythose limited works were mosbrecentrated in thiglediterranean
area (see Table 1). In March 2014, a heavy pollution episode has occurred in the central
interior of France, the observed ®M oncentrati on in Paris was

95 | evel 0, S The centr@l On@ior offranceis under the influence of both
polluted air masses from industrial countries (Eastern Europe) and clean ones from
Atlantic Ocear(Birmili et al., 2001;Hu et al., 2014The mixing of these different types
of air masses may lead to complex aerosol optical properties in this region. Our previous
studiegHu et al., 2014havemeasired the aerosol extinction coefficient in this region

100 (Orleans, France) during autumn time in 2012. The aveesmgesol extinction

coefficient(bex) at 532 nm measured was 36 + 31 Mrabout 4 times higher than the



values of theair masses from Atlanti©cean. However, up to now, the knowledge of

aerosol optical properties, especially SSA, in the central region of France is very limited.

Moreover, the contribution of air masses from Atlantic Ocean and industrial countries

105 (Eastern Europe) to the atmospbeaerosols in theentral interior of Frances still

unclear.

Table 1 Summary of the reported atmospheric aerosol optical property measurement

studies.

110

In this study, aerosol scattering and extinction coefficient were measured in

Orleans, a adral region of France, during spring and autumn time of 2013.

Simultaneous measurements of 8ihd gaseous pollutants such as«déd Q were

also conducted during this period. The influences of air masses from Atlantic Ocean

115 and industrial countries dhe air quality of the central region of France wexplored

based on those data and the air masses back trajectory analysis. In addition, the

contribution of photochemical reaction process to the atmosphere aerosol mass

concentration was estimated acaéogto the data of particle size distribution, boundary

layer, human activity factor and Pivlconcentration.

120 2. Experimental setupand methods



2.1. Sampling site and period

The measurements presented in this study were made during the period from 7
March to 25 April and from 25 October to 5 December, 2013 at the campus of the
Centre National de la Recherche Scientifiqgue (CNRS) in Orleans, France
125 (47 A50Nj16.98 BNjE)LAS5®BNj3eans city is located
km southwest of Paris. The typical average concentsatib@s;, NOz, NO and PMo
from May 2012 to March 2013 in Orleans are 52.8 + 12.7, 24.0 + 14.4, 48ah@®
18.0 + 5.9¢ gr?, respectively (http://www.ligair.fr/). Our sampling site, positioned at
the CNRS campus, is mostly surrounded by residential dwellings and about 8 km south
130 of the Orleans citgenter There are no obstructing buildings around the sampling site
within 50 m.During the measuremer@avity Ring-down Spectraneter(CRDS and
nephelometer (Model 3563, TSI, US&ampled the ambient aerosols from an inlet
located 1 m above the roof of the site3.5 m above the ground). Before entering the
instruments, the ambiene¢@sols pasxdthrough a 2 m stainless steel tube and a silica
135 drier. In this study, thelesiccantwas replaced 2 times per week and the relative
humidity (RH) of the sample before and after changingléstccantvas monitored for
each replacement. Thecarded data reveal that the RH of the dehydrated aerosol is
less than 15%PRarticle number size distribution walsomeasured bysinga scanning

mobility particle size(SMPS from 31 October t®® November, 203.



140 2 . Rerosol Optical Properties

To quantify aerosol optical effects, aerosol optical properties have commonly been

determined by measuring scattering coefficierty(lusing integrated nephelometers

(Heintzenberg and Charlson, 1996;Li et al., 2011;Esteve,22;Li et al., 2013)

measuring absorption coefficientsddp using the particle/soot absorption photometer

145 (PSAP)(Vrekoussis et al., 2005;Li et al., 2007;Kalivitis et al., 20gthalometer

(Hansen et al., 1984;Arnott et al., 2005;He et al., 2009;Kalivitis et al., 20id)

photoacoustic spectrometer (PABndreae et al., 2008;Garland et al., 20G8&) well

as measuring extinctionoefficient using cavity ringlown spectroscopy (CRDS)

(Nakayama et al., 2010;Li et al., 2011;Li et al., 2013;Hu et al., 2@4ebording to

150 those optical parameters, a useful variabldescribe the relative effects of scattering

compared with absorption, i.e., single scattering albedo (SSA), can be derived by the

equation of SSA= dadbext.

In this studylight extinction coefficients of ambient particles were measured

using aCRDS at 532 nmTlhe CRDS systens aseltbuilt andhas beemescribed in

155 detail elsewhere (Hu et al., 2014). Briefly, laser light at 532 nm, generated by a pulsed

Nd:YAG laser (EXPL532-200-E, SpectraPhysics Inc., USA), is firstly introduced into

a caviy cell and then bounced numerous times between two highly reflective mirrors

(532 nm center wavelength, 99.997% reflectivity, 1m radius of curvature, ATFilms Inc.,



USA). Each time the pulse interacts with the back mirror, a small amount of light (e.g.,
160 0.003%) leaks out and is detected by a photomultiplier tube (PMT, R928, Hamamatsu

Inc., Japan). After getting the decay time of the cavity filled wiijrad without {o)

aerosols, the aerosol extinction coefficiendxfbcan be calculated according to the

following equation:
L 1
b.==E =) (1)
c

165 where L is the length between the mirrors (ms the effective sample path length (m),
c is the speed of light (m/s). During the experimetite CRDS was operated at the
sample flow rate of om (liter per minute) resulting a residence time of around 32 s.
In addition, in order to avoid interferences from N&hd other absorbing trace gas
species, blank checks of the CRDS system were noeefb automatically every 2 h by
170  turning the 3way valve to the filter direction allowing the measurementeafitr the
particlefree ambient air.Before each measurement, CRDS was -calibrated by

polystyrene latex sphereBS$L) particles.

Light scattering coefficients of ambient particles were measured using a three
wavelength (450, 550, 700 nm) integrating nephelometer (TSI model 3563, USA). In
175 this study, it was operated at the sample flow rate ofp2®Bwith a minute averaging
time. To avoid the interference of the gasase compounds, a 10 min zero check was

done automatically by measuringdof the particlefree ambient air every 2 h. Before

9



each field campaign, the nephelometer was calibrated in the laboratory usiaegdO

the filtered air. Due to the design limitations, the scattered light in the nephelometer
180 3563wasintegrated over an angular range €f70°, and @l not cover the full angular

range (0180°). Thus, a truncation correction developedbglerson and Ogren (1998)

was applied to the measurement data. In addition, to derive the SSA data, the scattering

coefficient at 532 nm was calculated by the following equati
532
bsca,532 = bsca/ 3(7 A (2)

185  where the Angstrom exponent (A) can be derived from the measurentgnt et two

different wavelengthé, and/, through the following equation:

A - log(bsca,/1 /bsca é) (3)
log(/,/ 4)

2.3 Particle Number Size Distribution

The SMPSwvasdescribed in detail elsewhefldeim et al., 2004)Herein,only a
190 brief description is presented. In the SMPS syaisead in this workTSI Inc., USA,
theparticles are firstly neutralized with ®rdiffusion charger and size selected using
differential mobility analyzer (DMA, Model 3081). The selected monodisperse
particles subsequently go ® butanolbased condensation particle counter (CPC,
Model 3022A, which determines the particle concentration at that size. In this study,

195 the detectable aerosol mobility diameters rarfgem 10.7 to 487.3 nm with a sheath

10



and sample flow rate of 5 Ipm and 0.5 Ipm, respectively. The total counting time
required for each sampleas about 130 s, consisting of a 120 s up scan and a 10 s

retrace. Before measurements, SMRScalibratedwith PSL particles.
2.4 Assessmtanty oshrsecoae

200 In this study, we calculated RMconcentration(PMio_calc) with respect of
boundary layer dilution and fresh anthropogenic emissions from human actiagies (
describedn the following) by using equation (4gand compare PM_calc with the
measuredPMio concentrationPMio_mea$ to investigate the potential influence of

secondary partickformation on PM loading.

205 00 Ooadd aQOi'QAT OEOT PAIT EAG =SSO O (4)
where"QAT OE O BN GEAG GEAhé human activity factor in term of PM
emissionwhich was derived from the anthropogenic emission flux of Pkt the

measurement sit@nd’ Q6 0 As thedilution factor of boundary layer chang8oth

factorsaredescrbedbelow in detail.

210 The anthropogenic emission flux of P&l the measurement si(€uenen et al.,
2014)is presented in Fig-8. The emission data from TN@ederlandse Organisatie
voor Toegepast Natuurwetenschappelijk Ondergogth consideration of emissions

from industry, traffic, residential, agriculture, power and energy andnetisis study,

11



we assumehe particleloading during the period from00:00to 07:00 (ocal time)is
215 influencedby the anthropogenic emissiofisg S-1) and photochemical reactivery
slightly (PMzo concentratiomwasstable during this time period whichshowed by the
red curves in Fig.2,While after 07:00, tase emissions become stronger and could be
a main sourceof ambient aerosolsTo better understand the contribution of
anthropogenic emission to the ambient aerosol during the day time, anthropogenic
220  emission fux during 00:0607:00 werechosen as the reference and normalized,, he
human activity facto'QAT OE O BA i GEAQ gaBAieim of PM emissiomluring
the rest hours (07:000:00)is calculated as a ratio to the reference value, assuming that

thefresh emitted PM is mixed in the boundary layer during the rest hours of the day

The dilution effect of boundary layer mixing is also considered as following.
225  During the night (0:00-07:00), PM1o andBoundary layer depth (BLDgre stable for
both campaigngFig. 2) The datain this time periodare averaged and used as the
reference tacalculatethe variation of PMo concentratiorwhich is only due to the

dilution effectof boundarylayer changg for theremaininghours 07:00-00:00).

3. Results and discussion

230 3.1 I mpact of air mass origination on airtr

Fig. 1 illustrates theda, bsca bas SSA at 532 nm, P, O3, NO, N&, NOk, RH

and temperature (T) throughout the measurement campaign during the spring time from

12



7 March to 2%April and during the autumn time from 25 October to 5 December 2013,
the correspondingveragedvalues are summarized in Table The different terms
235 appearing in the second and third smf Table 2 are further defined and explained in
the text. Duringhe whole measurements, the particle optical parameters suefy as b
bscaand hwsare in good agreement with the RMoncentration (R= 0.95, 0.95 and
0.75 respectively)For the spring campaign (Fig. 1(a)), the average valuespbda
and hesat 532 nm were 65.6 67.8 Mm%, 54.9+ 582 Mm™ and 10.6+ 10.9 Mm™Y,
240 respectively. This result is comparable with those observed in Eastern and Western
Mediterranearjas shown in Tabl&), but much lower thathose observed in the Mega
cities of China(Beijing, Shanghai and Guangzhou) and Japan (Tokyo). During this
period, two pollution episodes were observed fronviadch to 1 April (represeatias
Apol l ution ddysgo,anmdotfedma2 MBHr i2dTheo 7 Apr
245 maximum values of PMand bxd ur i i@ f@FPRd MR ri ods reached
g grf, 317.8 Mmtand73.8s gr?, 249.1 Mmt, respectively. It imoteworthy thafsee
Fig. 1(a)) the northeast (NE) wingbs dominant during these two pollution events and
the air parcel wasnainly comng from Eastern Europe (Fig.-§ calculated by
HYSPLIT trajectory model, NOAA, http://ready.arl.noaa.gov/HYSPLIT)phphis
250 result suggests that the air parcel transported from Eastern Europe negponsible

for those two pollution events,similar event is reported over Germai@hen et al.,

13



2016b) As shown in Fig. 1(athe ar quality during the period from 1&arch to 19
March (represeeda s fAcl ean dalyos)o ,anndotferedomas9 AAGpri |l t o
a s -2no§ much better than during the other days. The averagedd bxf or- f C

2556 10 anR2dd fp&ri ods sanfe23.oMn!gnd11.0e ¢nf, 10.1 Mm?,
respectively. Meteorology (Fig. 1(a)) and air parcel back trajectory (Figa)$ reveal
that the wind dir ec tlioona rddwasiainast sbuthwestper i od
(SW), and the air parcel was mainly damfrom the Atlantic Ocean. This result is
consistent with our previous observatidhiu et al., 2014)i.e. air parcel transported

260 from Atlantic Ocean couldnprove the airquality of Orleans. In addition, to better
understandhe influence of air masses from Atlantic Ocean Bastern Europen the
air quality in Orleans, the period from 0arch to23Mar c h ( rnLeld wat as
selected to represent the local pollution conditions in Orleans since the wind speed is
almost zero during this period. As can be seen in Table 2, the averagarmMax:

265 values -dor pegi dedgnPandé’ .9 B, rdspectively, about.@ and
2.1 times -1o,wel. 5 hamd AP. 2 0t, i med | leo vadro utt h 88n (

ti mes hi ght,r 2.hGanamdC 7. 772a.i mes higher than

Fig. 1. Time series of b, bsca Dabs, SSA at 532 nm, PMo, Os, NO, NO;, NOy, RH and T
270  from: (a) 7 March to 25 April, (b) 25 October to 5 December 2013.
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Table 2 Summary of the average and maximum values ofel, bsca babs, SSA, PMy, Os,

NO, NO. and NO during the different period.

275 For theautumncampaign (Fig. X)), the averaggalues ofbext, bsca babsat 532 nm
andPMio were37.5 + 37.8 Mm?, 354 + 36.7 Mm™, 39+ 44 Mmtand17.4 + 11.8
e gnP respectively, about 2 times lower than the values observed during the spring
campaign. As shown iRig. 1(0), the air quality during the period frog® October to
9 Novemberrepreserdda s i c | eaadn o ¢ & @ svwesmuch®eiter than other
280 days The averagesof PMandkxd ur i ng t he @[ CO spgfrandd8 wer e o
Mm?, respectivelyAs expeotd, the SW winavas dominant (Fig. 1)) for those clean
days and the air parcetascoming from Atlantic Ocean (Fig.-§b)). While for other
daysf rom 10 November to 5 December pPphoted as
was complex and the air massmmefrom several different sources (Figlfo)). The
285 mixing of these different types of air massan be represeaive of the typical
atmosphere mixing conditions the Orleansarea As shown in Tabl®, the average
PMwoand bxv al ues dur i n gveré2BG+ 12N oy’ prel 6527 o 4D.5
Mm, respectively, about 1.3 and 1.4 times larger than the average values during the

whol e autumn campaign and 2.2 and 4.3 ti me:

15
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3.2 Diurnal MiapODandnpsopt ied &l properties

Fig. 2 shows the statistic diurnal variation of the RMBLD, NOx, Os and

photolysis rate of N&XJnoz) during the spring and autumn time. In tili®xo diagrans,

the mearvalueis represented by a dot. The dividing segment in the box is the median.

The top and bottom box limits represent the 75 and 25 percentile, respectively. The

error bars are related to the percentiles 95th and 5th. As shown in Fig 2, the BLD

(calculated by Achived Meteorology, GDAS (1 deg. 3hourly. GlobaNOAA,

http://ready.arl.noaa.gov/READYamet.php) is stable at night while increases

consistentlyin the daytimeThe maxina of the average BLD in the daytime are around

1200 and 900 m for the spring and autumn camgaigispectivelyabout 5 and 2 times

larger than the coespondingnight timevalues Since the partickeconcentration is

highly influenced by the BLD, the fasicreases of BLD in the daytime should decrease

the PMuo concentration quickly. However, in the reainditions of our measurements

(Fig. 2), the daily PNb concentration is stable and orsligows aslight decreaseluring

afternoon hours. A reasonable exhtion for this phenomenontisatthe formed or

produced particles from the atmosphecicemical reactios in the daytime may

counteract the dilution effect due to the variation of the BLD.

16



Fig. 2. Statistic diurnal variation of PM1o, Boundary layer degh (BLD), NOy, Oz and Jnoz

from: (a) 7 March to 25 April, (b) 25 October to 5 December 2013.

310

Several field studies have shown that atmospheric photochemical reacttime

main source of atmospheric particles in the daytime. In this study (Fig.dstinct

diurnal photochemical reaction process,steongOs formation was observed in both

campaigns. Moreover, there are limited industries incal region of France and

315 our sampling site is mostly surrounded by residential dwellingsplio¢ochemical

reaction process shouldbe proposed to be the main source of ambient aerosols in

Orleans To further support this point, the statistic diurnal variation of aesatical

properties (including d8s bscaand SSA) during the spring and aoin timeare present

in Fig. 3. I n these figures, the SSA exhibi

320 within a day at 8:00, 14:00 and 18:00 for the spring campaign and at 8:00, 12:00 and

17:00 for the autumn campaign. The daily variability oAS$curs in the morning

andin theevening is mostly due to the rush ho(Esteve et al., 2012Thereis alarge

amountof black carbon particles emitted during this period.evéasfor the SSA

variation occurs in the early afternoon, it is supposed to be derived by the SOA which

325 areformedthroughphotochemical reactigorocesssbecause: (1) Field and laboratory

studies(Andreae and Gelencser, 200@pise et al., 2015)eveal that the organic

17



aerosols formedby photochemical reacti@nare another lightabsorber in the

atmospherapart from black carbon and mineraldust( 2) t he SSA second |

appeas at the highest solar intensity (highesdz) time. The peak of Nb2 is measured

330 at 13:00 and 12:00 within a day for the spring antumn campaigmn respectively

Fig. 3. Statistic diurnal variation of baps, bscaand SSA at 532 nm from: (a) 7 March to 25

April, (b) 25 October to 5 December 2013.

335 To better understand the impact of photochemical reactions on the air quality in the

cental region of France, the contribution of photochemical reaction presesshe

atmosphere aerosols ned¢d be estimated. As shown in Fig.2, the ielhd BLDare

stable during the night (00:607:00 for both campaignsVe assume¢he variation of

PMio concentrations only due to the dilution effect (BLD changes) for teenaining

340 hours Q7:00-00:00) and can be calculated according to this stable conditidre

difference of PMo betweenhe calculated and measurealues can be considered as

the contribution of the atmosphere photochemical reaction pexessually, this

value was overestimated because not ¢méphotochemical reaction processbut

othe processs like emissios from human activities can alsmntribute to the

345 atmospheri@erosobpollution. To avoid the influence of this, the human activity factor

18
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derived from anthropogenic emission rate of2Bifrom TNO-MACC-II inventory,

(Kuenen et al., 201%yvas considered in this work (as shown in Fig. S2¢ ddiculated

variation of PMo concentrationwhich considered both BLD dilution and human

activities effectss presented as the green curve in Figuhe detailed calculation and

parametersvasdescribedn part 2.4) Based on the above estimationg fraction of

the photochemical reaction formed particles inibPMas calculated ((PhM measi

PMio_calg)/ PMio meas)and presented in Fig.4. fieveals that particle®rmedfrom

photochemical reactien can account maximunof 64% and 32%for PMio

concentration during the spring and autumn §ymespectivelyThese results indicate

that photochemical reactismay play an importantole in impacting air quality in

Orleans.

Itis worth to clarify that, in this sectiowe use thatatistical analysis, which based

on the data during the whole perimdspring or autumnto show the photochemical

reactions can enhance the atmospheric oxidation capacity and may faster the secondary

particle formation and then play an important rolaimquality.But in section 3.1, we

give the case studies to shtwve air parcel transported from Atlantic Ocean plays a role

in cleaning up the ambient air in Orleans, while the air mass coming from the Eastern

Europe induces the pollution events in @rs. Those episodes are occurred with

19



limited times and short perio@he results get from thosed#ferentanalysismethods

365 are notcontradictory

Fig. 4. The estimated fraction of photochemical reactioproducing particles in PMs.

3. 3. BaAot mat eon and growth events during

370 reacpnomness.

To better understand the influence of atmospheric photochemical reaction
processson the air quality in Orleans, ttgatistic diurnalvariation of particle size
distribution, NQ, Oz and Jio2 during the period fror81 October t® November, 202
arepresented in Fig. As shown in Fig. 1(b), the air quality is much better duthege

375 days.Thesouthwesternvind is dominanduring this periodand the air p@el comes
from Atlantic Ocean (Fig. 8(b)). This atmospherieneteorological condition is
suitable for the observation of new particle formation and growth events since particles
transported from Atlantic Ocean are mainly of the microrAetez| (sea sakerosols).

This latter can be easily distinguished with the newly formed nanoseetdparticles.

380
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Fig. 5. Statistic diurnal variation of the particle size distribution, NQ,, Oz and Jnoz from

31 October to 9 November, 2013.

As shown in Fig. 5a clear new particles formation process was observed around
13:00, the maximum particle number concentration reached 3488 #tm?=. As
expecteda typical photochemical reaction process withf@mation was observed
during this period, and £approackd its peak value of 60 pgnimedian and mean
values) around 13:00. This suggedtsat photochemical reactienenhance the new
particle formation, which may play an importamie in impacting air quality in
Orleans Furthermore, the highly humid condiidRH = 92 % in averaggduring this
period also favarthe new particle formation process.

4. Conclusions

In this study, the aerosd optical properties, size distribution and BM
concentratioomeasurementsere conducted at Orleans, France during spring (7 March
to 25 April) and autumn (25 October to 5 December) 2013. The average valdes of b
babs SSA at 532 nm and PiMconcentration are 54958.2Mm™, 10.6+ 10.9Mm™,
0.81+0.1Q 30.6+ 21.6s g Pand 35.4- 36.7Mm™, 3.9+ 4.4Mm™, 0.83+0.1317.4
+ 11.8¢/m3 for the spring and autumn, respectively. During the whole observation, the

air parcel transported from Atlantic Ocean glayrole in cleaning up the ambient air
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400 in Orleans, while the air mass coming from the Eastern Europe syloltgtion events
in Orleans. In addition, a distinct diurrzattern ofphotochemical reactioandozone
formation were observed in pollution caseSurther analysis reveals that particles
formation triggered bphotochemical reacti@in daytimecan accounfior amaximum
of 64% and32% of PM1o mass loading during the spring and autumn, respectively. Our
405 results highlight that photochemical reactomay play an importanble in secondary
particles formation and new particdformation and themmpacting air quality irthe
central region of Fran¢@nd possibly other regions as well
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Table 1 Summary of the reported atmospheric aerosol optical property measurement studies.

Country Site Period bsca(Mm1) | babs(Mm-1) SSA Instruments Reference
. 591 + 143 201 +51 ~0.75 CRDS
Shanghai | 2009.12.232009.12.25 (532 nm) (532 nm) (532 nm) | Nephelometer Tang et al. (2014)
332 £ 217 85 £ 60 0.480.86 CRDS

Shanghai | 2009.11.272009.12.06 Lietal. (2011)

(532 nm) (532 nm) (532 nm) | Nephelometer

102+ 75 44 + 35 0.70 £ 0.07 CRDS

Shanghai | 2010.04.02010.05.05 | o'~ | 535 v | (532 nm) | Nephelometer

Li et al. (2013)

~0.80 CRDS
(550 nm) | Nephelometer|  Lietal. @017)

China Beijing 2012.05.242012.06.22 / /
Aethalometer

288 + 281 56 + 49 0.80 + 0.09| Aethalometer

Beijing 2005.012006.12 (525 nm) (532 nm) (525 nm) | Nephelometer

He et al. (2009)

361+295 | 51.8+36.5 PAS

Beijing 2006.08.112006.09.09 (550 nm) (532nm) 0.86 £ 0.07 Nephelometer

Garland et al. (2009)

468 + 472 65+ 75 PSAP .
Beijing 2005.03 (550 nm) (550 nm) 0.81-0.85 Nephelometer Li et al. (2007)
418 + 195 91 + 60 PAS
Guangzhou| 2004.10.052004.11.05 (540 nm) (540 nm) 0.83£0.05 Nephelometer Andrez et al. (2008)
CRDS

130+81.42| 13.6+9.2 | 0.89+0.08

Japan Tokyo 2007.08.142007.09.02 (532 nm) (532 nm) (532 nm) PSAP Nakayama et al. (2010
Nephelometer
58 + 43 3.8+3.4 | 0.92+0.08 CRDS
USA Pasadena | 2010.05.362010.06.08 (532 nm) (532 nm) (532 nm) | Nephelometer Thonpson et al. (2012)
Finokalia 50 + 23 5.6+3.6 | 0.89+0.04 PSAP
(Greece) 2001.032002.06 (532 nm) (565 nm) (550 nm) | Nephelometer K . |
Erdemi 90 + 160 Vrekoussis et al.2005)
European (Turkey) 1999.072000.06 (535 nm) / / Nephelometer
(Eastern Mediterranean Y PSAP
Finokalia, | 1 462007.01 403%27.1) 54+37 / Nephelometer| Kalivitis et al. (2011)
(Greece) (543 nm) (565 nm)
Aethalometer
(Weste'fn“mggi?'e"rranean \g's:i‘rf]')‘"" 2006.032010.12 (ggg’ r?r?]) / / Nephelometer|  Esteve et al. (2012)
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Table.2 Summary of the average and maximum valug@fbsca bans SSA, PMo, Os, NO,
NO.and NQ during the different period.

Dext Dsca baps SSA PM;o O3 NO NO, NOy
(Mm% (Mm% (Mm?) (e r(edy (e 1 (edy (egy

Ave 656 549  10.6 081 306 663 12 57 6.8

Al Std 678 582 109 010 216 239 41 42 62
Max 317.8 2560 68.3 1.00 934 1378 79.7 258 950

Ave 235 215 20 091 100 788 0.6 43 49

c1 Sd 127 119 12 006 54 7.1 08 18 23
Max 440 418 131 100 205 898 43 94 122

Ave 1648 1404 244 085 621 673 13 63 76

P1 Std 543 469 110 005 150 217 40 33 47
Spring Max 317.8 2560 683 1.00 934 1100 354 213 412
Ave 1363 1165 198 086 448 603 11 57 6.8

P2 Std 568 463 120 005 13.6 249 24 27 30
Max 249.1 2050 600 100 738 1074 135 125 156

Ave 101 81 20 081 117 778 03 29 31

c2 st 81 4.3 47 011 68 100 04 10 10
Max 1919 743 1311 1.00 439 926 20 52 55

Ave 779 668 111 084 304 451 08 55 6.2

L-1 Std 740 644 110 010 251 288 1.0 40 4.2
Max 303.3 2442 59.0 100 934 989 56 216 223
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Autumn

All

C

Ave

Std

Max

Ave

Std

Max

Ave

Std

Max

37.5

37.8

251.2

12.3

7.5

59.9

52.7

40.5

251.2

354

36.7

221.8

9.8

6.5

52.4

50.5

38.7

221.8

3.9

4.4

53.2

2.9

2.7

28.9

4.8

5.3

53.2

0.83

0.13

1.00

0.77

0.14

1.00

0.88

0.10

1.00

17.4

11.8

77.5

9.9

3.8

21.4

22.0

12.7

77.5

37.0

20.4

87.2

50.3

15.6

87.2

28.8

18.6

74.6

15.3

13.0

130.7

12.6

2.8

41.8

17.4

17.0

130.7

34.4

11.6

84.5

28.2

7.1

59.7

39.4

121

84.5

49.7

20.9

197.4

40.8

9.2

101.5

56.8

24.6

197.4

33



Figure Captions

Fig. 1. Time series of &, bsca bans SSA at 532 nm, PM, Oz, NO, NG, NO«, RH and

T from: (a) 7 March to 25 April, (b) 25 October to 5 December 2013.

Fig. 2. Statistic diurnal variation of PN, Boundary layer depth (BLD), NOOs and

Jvoz from: (a) 7 March to 25 April, (b) 25 October to 5 December 2013.

Fig. 3. Statistic diurnal variatio of s bscaand SSA at 532 nm from: (a) 7 March to

25 April, (b) 25 October to 5 December 2013.

Fig. 4. The estimated fraction of photochemical reacpooducingparticles in PMo.

Fig. 5. Statistic diurnal variation of the particle size distributid@x, Os and Jdio2from

31 October to 9 November, 2013.
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