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Abstract. Nitrate has become the most important hydrophliensical component in
PM,s during serious air pollution periods in urban ared the Pearl River Delta
(PRD) region of south China, but there is a lackfuafy understanding of its
formation mechanisms and controlling factors, esplgcduring daytime nitrate
episodes. To fill the knowledge gap, water-solubtaganic ions in PMs and trace
gases including S HNGO;, NH3;, NOx and Q, particle size distribution, vertical
profile of aerosol backscatter density, and groleved and vertical profiles of key
meteorological variables were simultaneously mesabwat high time resolution in
urban Guangzhou of the PRD. The remarkably enhanitexte mass concentrations
observed at the surface-level during daytime wedemntified to be caused by strong
boundary-layer turbulent mixing of residual aergsptoduced from evaporation of
low-level shallow stratocumulus clouds. This finginmay have important
implications on the sources of secondary inorgaeiosols in this and other similar

cloudy regions.

Key words: nitrate episode; aerosol size distrdouticloud processed aerosols;

boundary-layer mixing
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1. Introduction

Nitrate constitutes a substantial fraction of fpaticles and thus has significant
impacts on air quality and climate related issuashsas acid deposition, reduced
visibility, radiative forcing, and aerosol-cloudeénaction Shindell et al.2009;Tao et
al., 2017; Watson 2002; Zhang et al. 2007). Nitrate is one of the most important
pathways removing nitrogen oxides (NOx), which #re major primary emissions
produced from fossil fuel combustion processed, bammass burning and lighting,
from the atmosphereA(dreae & Merlet 2001; Davidson & Kingerleg 1997,
Hudman et al.2007;Richter et al. 2005). In the atmosphere, NOx can be converted
into nitrate in two chemical mechanisnZhéng et al.2015). The first one is through
the oxidation of nitrogen dioxide (NfDto HNO;g) with the media of hydroxyl radical
(OH-) during daytime. The second one is throughctiemical reaction between NO
and Q to form nitrate radical (N§), which further reacts with N{Qo form dinitrogen
pentoxide (NOs) during nighttime. HNGg) and (NOs) can then be easily converted
to particle nitrate through gas- or agueous-phaaetions.

Nitrate episodes have been mostly observed duh@gighttime and have been
found to be strongly related to high BIONH3;, O; and ambient relative humidity
(Dall'Osto et al, 2009;Pathak et al.2011;Wang et al.2009;Wen et al.2015). NOs
has not been directly measured in these studi¢$dsubeen suspected to be the main
cause of the nocturnal nitrate episodes throughrdhysls process. A recent study
showed higher pOs concentrations during pollution episodes in an aarb
environment in Beijing, demonstrating the importeontribution of nighttime nitrate
formation to aerosol loadingMang et al. 2017). However, the dominant formation
mechanisms for nitrate during daytime remain cosmgrsial. Besides the oxidation of

NO, via OH (Alexander et a).2009;Seinfeld & Pandis2012), the hydrolysis of D5
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might also be important according to a multiphdsenastry box-model study in the
PRD region Xue et al. 2014). However, pDs is prone to dissociate back to pénd
NO, during daytime due to its photolysis and thermatamposition properties
(Seinfeld & Pandis 2012; Wangberg et al. 1997), and thus extremely low
concentrations of N©and NOs have been commonly observeéchéng et al. 2011;
Stutz et a].2010).

Daytime nitrate episodes have been observed in Hamg of the PRD by the
same research group, but different interpretatadriermation mechanisms have been
provided Griffith et al, 2015;Xue et al. 2014). The episodes in summer 2011 were
attributed to fast photochemistry of HMNg under ammonium rich conditions
(Griffith et al, 2015) and those in winter 2009 were assumed taéwsed by
hydrolysis of NOs (Xue et al. 2014). To shed some light on this topic, an irdesgl
field experiment was conducted in the present stuggasuring water-soluble
inorganic ions, trace gases, particle size distioibuand aerosol vertical backscatter
density at high time resolution using online instants at an urban site in Guangzhou
of the PRD. In addition, vertical profiles of huntyl temperature, and wind speed
and direction were obtained from the Guangzhownatiweather station located 18.0
km northeast of the measurement site. Potentiahddon mechanisms for daytime
nitrate episodes were explored through in-depth daalysis.

2. Methodology
2.1 Site description

The measurement site is located inside the SoutlnaChnstitute of
Environmental Science (SCIES) (23§97 113°21E), which represents a typical
urban environment in Guangzhou, south Chifao(et al, 2012). The instruments

were mounted on the roof of a building 50 m aboveugd and the data were
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collected during 15 October to 6 November 2015.

2.2 Online measurements of water-soluble inorganic ions and gaseous precursors
Water-soluble inorganic ions (NaNH,", K*, Mg?*, C&*, NO,, SQ%, NO5, CI,
and F) and gaseous precursors (SEINO;, NHs, and HCI) were measured by an

In-situ Gas and Aerosol Composition monitoring egst (IGAC, Model S-611,
Machine Shop, Fortelice International Co., Ltd.jwimn, China) with an hourly
temporal resolutionfoung et al.2016). The IGAC consists of a wet annular denuder
(WAD), a scrub and impact aerosol collector (S@hd an ion chromatography (IC).
Gases and aerosols were passed through WAD awvardle of 16.7 L miff, with a
PM. s cyclone. The WAD is made of two concentric Pyréasg cylinders and set up
vertically to the ground. The inner walls of thenalus are wetted with dilute B,
solution (5 mM in ultrapure water). At the inlet d¢ie SCI, the opening of an
L-shaped water-spray nozzle is located at the derdeof the air stream and faces
upstream. Ultrapure water is fed continuously te ttozzle at 1.0 mL mih and
heated to about 140 °C. Hot water steam is sprdyedtly towards the particle-laden
air to enhance mixing and particle-liquid contathen, aerosols are subjected to
condensation growth in the remaining section of $@&. The grown aerosols are
accelerated through a conical-shaped impactionle@® collected on the impaction
plate. At the base of the impaction plate, standarmple of LiBr solution is added
continuously to the aerosol liquid sample at arodridmL miri*. The gas and aerosol
liquid samples from the WAD and SCI are drawn safgdy by a pair of syringe
pumps, between which one syringe collects the nursample (=50 min) and the
other injects the previous sample. The samples then subsequently and
simultaneously analyzed for anions and cationsmaylC systems.

Cations (LT, Na', NH,", K*, Mg?* and C&") were measured by an IC system
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(Dionex 1CS-1100) using a CS12A column with 20 mMthanesulfonic acid eluent.
Anions (F, Br, NO,, SQ%, NO; and CI) were measured by another IC system
(Dionex ICS-2100) using an AS19 column with 20 mMDHK eluent. System blank
values were subtracted from sample concentratidieshod detection limits of ions
were within the range of 0.001 to 0.003 nmig L

A know concentration of LiBr was used as internahdards by adding to the
aerosol liquid samples to determine the stability®AC system. The changes of
internal standards during the study period werehiwit8%. Eight concentration
gradients of the mixed standard solutions contgitite above-mentioned cations and
anions (0.005, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5laAdng L") were used to calibrate the
IC systems’ response with respect to analytic cotnagons. The calibration curves
for each ion were then obtained and used to quyalfité ions concentrations of
ambient samples. The IC systems were calibrated alibve eight sets of mixed
standard solutions once every four weeks. The teio#ies of the IC systems were
generally less than 15% according to the calibnatiarves for each ion.
2.3 Online measurements of aerosol size

A Scanning Mobility Particle Sizer (SMPS; TSI Mod£36, TSI, Inc., St. Paul,
MN) combined with a long Differential Mobility Angter (DMA; TSI Model 3080)
and a Condensation Particle Counter (CPC; TSI M8040) was used to measure
submicron particle size. The sample and sheathsftbmough the long DMA were 0.3
and 3.0 L mift, respectively. It allows particles to be classifiato the range of 14
nm - 615 nm (o, Mobility diameter) with an inside impact inleto@zle size is
0.0457cm). A total of 167 bins (sizes) of partickesre scanned and measured in 5
min. An Aerodynamics Particle Sizer (APS; TSI Mo@8PR1) was used to measure

the distributions of fine and coarse particle siZzdse sample and sheath flow rates of



119 APS were 1.0 and 4.0 L minrespectively. A total of 52 bins (sizes) of pags in
120 the range of 542 nm - 10 um {aerodynamics diameter) were measured at 5 min
121 resolution.

122 Ambient air first passed through two total suspenparticulate (TSP) cyclones,
123 then passed through two stainless steel tube andNafion driers (Perma Pure,
124 Model MD-700-36S-1) prior to be measured by the SM&nd APS. The dry
125 sweeping gas of two Nafion driers was produced fyaia compressor pump. Two
126 relative humidity sensors were set up in the libksveen Nafion driers, SMPS and
127  APS. The relative humidity of sample flow was coiled to be below 30% by the
128 flow rate of the dry sweeping gas.

129 2.4 Online measurements of vertical backscatter density

130 Vertical backscatter density was measured by aoroeiler (Vaisala Corp.,
131 Helsinki, Finland; Model CL-31)Munkel et al., 200 CL-31 is equipped with the
132 InGaAs diode laser, which emits pulses at a waggleonf 910 nm. Backscattered
133 vertical profile of aerosol signal was observedaaemporal resolution of 2 second
134 and spatial resolution of 15 meter. The entire eaofyjthe signal is 5.0 km height in
135 this study.

136 2.5 Online measurements of meteorological parameters

137 The ground meteorological parameters (e.g. windction and speed, relative
138 humidity (RH), temperature, and precipitation) weneasured every 10 min at an
139 automatic meteorological station (Vaisala Compahlglsinki, Finland, model
140 MAWS201), which was mounted on the roof of the S&Hite (53 m above ground).
141 \Vertical profiles of RH, temperature, and wind sped direction were obtained
142  from the Guangzhou national weather station (2B§1313°29%) located 18.0 km

143 northeast of the SCIES site. Vertical profiles ¢f Bnd temperature were measured
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by a high precision microwave radiometer (Radiometehysics GmbH,
RPG-HATPRO-G4, Meckenheim, Germany). The measuremange of the
microwave radiometer was only up to 2000 metergttewith 10-100 meters
resolution. Vertical profiles of wind speed andediton were measured every 6-min
by a wind profiler (Aerospace Science & Industryr@wation, CFL-16, China),
which provided 25 levels of data below ~3 km witheatical resolution of 120 m.

2.6 Data analysis

Liquid water content (LWC) shown in Fig. 1 was cdéted using the
ISORROPIA Il thermodynamic equilibrium model for'4C&*—Mg*—NH;'—Na'—
SO* " =NO; —CI'=H,0 aerosols. The input data included, IC&*, Mg®*, NH,", Na,
SOs*, NOs™, CI', HNOs(g), NHs(g), HClg), ambient RH and temperature on the ground,
and the forward mode was used for the calculatiwuiitoukis and Neng2007).
The uncertainties of the calculated LWC were edthato be less than 20%
according to the measurement uncertainties of tlagemsoluble inorganic ions,
gaseous precursors, ambient RH and temperature.

To investigate the air mass origins of the polltgaarriving at SCIES, 24 h
backward trajectories were calculated at an elematf 500 m every hour during the
daytime nitrate episodes on 27 and 28 October ii520sing the HYbrid
Single-Particle  Lagrangian Integrated Trajectory YGPLIT) 4 model
(http://ready.arl.noaa.gov/HYSPLIT.php).

3. Resultsand Discussion
3.1 Elevated nitrate episodes

The average concentrations of SONO; and NH,* were 10.9+3.5, 4.9+6.5 and

3.9+2.8 g it during the study period, accounting for 49+10%+1®% and 15+4%

of the total water-soluble inorganic ions (WSII) BV, respectively (Table 1).
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Although the concentration of NOwas only half of that of S& on campaign
average, its hourly maximum was more than doubfed of SQ*, suggesting the
much large variations of NOthan SG? in urban Guangzhou, as was seen from their
standard deviations and the ™00" percentile values. To explore possible
mechanisms causing the high nitrate concentratiotrate episodes were first
identified as cases with hourly N@oncentration above the ©percentile (> 9.5 pg
m) and continued for more than five hours. A totafaur episodes were identified
with two occurred during daytime (on 27 and 28 ®et) and the other two during
nighttime (on 15 and 16 October) (Fig. S1).

The average concentrations of N@ere 17.9 ug mand 30.6 pg M during the
daytime and nighttime episodes, respectively (Talhle Compared with the
non-episodes, NOwas enhanced the most (by a factor of 5.1 and@&ing daytime
and nighttime episodes, respectively), followed\dy," (a factor of 3.0 and 4.2) and
SO (a factor of 1.6 and 1.8). Their gaseous precaréag. NH, SO, HNOs, NOXx)
were only enhanced by a factor of 1.2-1.8 durirgyritirate episodes. The somewhat
more enhanced Nfi than SGF was due to its association with MO The
enhancement rates of NQvere much higher than those of SQespecially during
the nighttime episodes due to the hydrolysis eON(Fig.S2). As expected, the
average ambient RH at ground level during the tiglet episodes was close to its
90" percentile value. Although the average ambientpemature at ground level
during the daytime episodes was equal to it¥ @@rcentile value, the average
ambient RH was still much higher than its average median values, suggesting the

daytime episodes were likely related to agueous@h@actions.

Insert Table 1
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3.2 Formation mechanisms for daytime elevated ambient nitrate

To shed some light on the possible formation meshas causing the daytime
nitrate episodes, relevant parameters includingquescence relative humidity
(DRH), dissociation constant gKof NH;NOs; and LWC of inorganic aerosols were
calculated (Fig. 1). DRH andyKthe reciprocal functions of ambient temperatoes
be used to evaluate the thermodynamic propertiddHaNOz. When ambient RH >
DRH, nitrate is prone to exist in aqueous phadegratise in solid phas&éinfeld &
Pandis 2012). Nitrate in solid phase (NNOs) can dissociate to HNggy and Nhg)
at high K, value condition. The mole equivalent concentratiof NH,", SO and
NOs indicated that there was enough Nib neutralize both S& and NQ' (Fig. 2).
Thus, NHNOs could exist in solid phase or in aqueous phasélldg and NQ
according to the relationship between ambient RtHRRH.

Fig. 1 shows that the ambient RH was evidently lothhan or equal to DRH and
Kp was at high levels during the daytime episodes;Nbt was thus expected to be
existed in solid phase, and was prone to dissotmatéH; and HNQ. Interestingly,
NOs concentration increased rather decreased witleasang K value. OH- was not
measured in this study, but its diurnal variatioaswikely similar to that of @and
was generally at high concentration levels during taytime in the PRD region
(Hofzumahaus et al.2009). The concurrent increases of &d NQ raised the
possibility of significant contribution of NQoxidation via OH- to daytime nitrate
episode. However, simultaneous increases of niratkits gaseous precursors (e.g.
NO, and HNQ) concentrations excluded such a possibility. Farrtiore, NQ
concentrations were slightly lower during the egdeothan the average values before
or after the episodes. The paradox phenomena meudti@bove indicated other

10
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possibilities causing the daytime episodes.

Particle size distribution can provide some eviésnon the formation
mechanisms of major inorganic ions in the atmosplao et al. 2003;Zhuang et al.
1999). The condensation mode particles can be deresl from gas-phase reactions
while the droplet model from agueous-phase prose@shn et al. 1990). As shown
in Fig. 3a and Fig. 3b, particle number concerdrain droplet mode (aerodynamic
diameter ranged from 600 nm to 700 nm) evidentlyaased during the daytime
episodes while that of condensation mode (moldliggneter < 200 nm) changed little.
Aerodynamic diameters of condensation mode pastitiere estimated to be less than
300 nm based on their average density (about 1.8md) of the measured
size-resolved chemical components on 27 and 28b@ctdhus, the daytime nitrate
episodes were likely from aqueous-phase procesattgerr than the gas-phase

reactions between N+and HNQ.

Insert Fig. 1
Insert Fig. 2

Insert Fig. 3

As expected, aerosol backscatter density near tbend showed a good
agreement with the timing of daytime episodes o 28 October (Fig. 4). Clouds
were identified at 500-1000 meters above the grdagfdre daytime elevated nitrate
episodes. These clouds gradually disappeared aiftésvwdue to strong solar radiation
causing cloud droplets evaporation. Aerosol pasigroduced from evaporated cloud
droplets can be vertically transported to the s@fthrough turbulent mixing and

gravitational setting. For example, clouds appeatedbout 750 meters above the

11
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ground during 9:30-12:00 on 27 October (Fig. 4)ssghated afterwards, and
accompanied with enhanced nitrate concentrationngui2:00 to 16:00 on 27
October (the first daytime nitrate episode). Theeti evolution of the vertical
distribution of aerosol backscatter density showedical diffusion of the cloud
evaporation produced particles both downward awdaug (Fig. 4). A similar pattern
was also observed during the second daytime nigpigode (on 28 October). It is

likely that cloud processes played an importarg calusing daytime nitrate episodes.

Insert Fig. 4

3.3 Dynamics mechanisms of cloud processed aerosols

To further investigate the effective dynamics mecsas of transporting cloud
processed aerosols to surface-level during theirdaygpisodes, impact of regional
transport should be first assessed. Horizontal veipeled and direction at different
heights were plotted during the daytime nitrateseges on 27 and 28 October (Fig.
5a and 5b). Here, east wind is defined as wind ngnfiom the east and the same
definition is used for other wind directions. Widdections below the 1000 m height
were from the northwest to northeast during theatet episode on 27 October and
from the southeast during the nitrate episode orO2®ber. Wind speeds at these
levels were relatively weak (< 2 m')s Similar wind directions were also obtained
from air mass back trajectory analysis during theseods. For example, the weak
wind from the northwest direction at 15:00 on 27dber and the strong wind from
the southeast direction at 17:00 on 28 October werailated by back trajectory
analysis (Fig. 6a and 6b), which agreed with thalsgerved by wind profiler at the
height of 200 meters (Fig. 5a and 5b). During theagtime episodes, air masses

12
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293

mainly originated from the southeast direction afa@gzhou with paths having few
significant pollutant sources except urban Hong &dzheng et al., 2009). In
comparison, during another period (at 11:00 on 2%ker, a few hours before the
first episode) with no cloud evaporation but wiith mass also passing over urban
Hong Kong, much lower N9concentration was observed (Fig. 6a). Furtherntbee,
non-episode high Nconcentrations were actually mainly associatett auth and
southwest wind directions (Fig. 7). Thus, the dagtinitrate episodes were not caused

by regional transport of pollutants.

Insert Fig. 5
Insert Fig. 6

Insert Fig. 7

Clouds formed about 2-3 hours before the daytinteatei episode were at the
height just above the top of boundary layer andewstrallow stratocumulus clouds
with a cloud depth of about 170-230 meters, whigh be evaporated under strong
solar radiation after sunrise. An inversion layethe cloud top might have existed,
but this cannot be firmly confirmed with the data have. This is because the cloud
top during the daytime periods was higher than 10@@er, likely in the range of
1000-2700 meters as shown in Figure 4, while theasmement range of the
microwave radiometer only covered the height ug@60 meter and with a very low
resolution of 100 meter at upper levels. Thush# ¢tloud top was higher than 2000
meter, or if the cloud top was in between 1000-20@der but the inversion layer was
very thin, the instrument would not be able to detsuch an inversion layer.

Furthermore, it is also possible that the tempeeafuofiles were different between

13
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the measure site (SCIES station) and the weatagorstl8 km away.

Despite the potential inversion layer at the cldad during the 27 and 28
October episode, no inversion was seen within thentlary layer (<2000 meters)
(Fig. 8a), providing the needed meteorological d@omas for transporting residual
aerosols produced from cloud evaporation to theetdevels through strong turbulent
mixing. Strong turbulence was indeed observed dutie daytime nitrate episodes
with the vertical velocity up to 0.3 ni'sat many levels below the original cloud base
(Fig. 8b), enabling the residual aerosols to be &btransport the surface layer in just
half to one hour. Furthermore, the transient hidthwas simultaneously observed at
all levels during the daytime episodes, furtherpgupng the above hypothesis (Fig.
8c). It is also noticed that the duration was longsmd the average nitrate
concentration was higher on 28 October than 27 ligctepisode, likely due to the
stronger vertical turbulence (as seen from the mbsevertical wind speed) on 28

October.

Insert Fig. 8

The average ratio of N@SQ,* in ambient aerosols was 0.40+0.37 during the
study period, which was within the range of thaorg0.3-0.6) in precipitation in
China during 2001-2013t&hashi et al. 2017). However, the daytime nitrate episodes
showed a much higher NTBQ,* ratio (1.05), which was likely due to recycling of
cloud condensation nuclei with each cycle havindeadnitrate. Furthermore, the
moist condition in cloud was in favor of the resef NO& in aqueous phase and
prevented it from dissociating into HN@ and NH). In conclusion, vertical

turbulent mixing of the residual aerosols produdezn cloud evaporation well
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explained the daytime episodes and the high coratems of the droplet mode
particles.
4. Summary and I mplication

Differing from existing studies which frequentlytrétuted high surface-level
aerosol concentrations to enhanced source emissimhsecondary aerosol formation,
the present study identified a potentially impottarechanism causing high nitrate
concentration during daytime in the PRD. A concepftamework is firstly needed
for designing and simulating the cloud process ridep to quantify its impact on
nitrate concentration budget on seasonal and artimal scales. This framework
should include aerosol-cloud interaction, gas- afdeous-phase chemistry involving
NH.", SQ% and NQ particles, and more importantly, cloud evaporatieleasing
processed aerosols which can provide a pathwaymahl/ explaining daytime
nitrate episodes in cloudy regions such as the PHERisting size- and
chemically-resolved cloud microphysics models sagthe one described Zithang et
al. (2006) can be modified for conducting such modg$itudies.

This study suggested that $Cand NQ" were mostly fully neutralized by Nf
in the PRD. In this scenario NOJormed in cloud water would combine with ifHr
react with NH to form NH;NOjs in solid phase, rather than dissociate to HNQOring
cloud evaporation process. With further reduced &@ission in many parts of China,
the contribution of nitrate to fine particles be@more important in ammonia rich
conditions. In the PRD, emissions of N@om industry have declined while those
from traffic have slightly increased due to ther@ase of the number of vehicles
(Zheng et al. 2009). Little attention has been paid on J\#tission in the PRD as
well as other parts of China. Emission reductionboth NQ and NH should be

considered together for reducing fine particles.
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Table 1 Statistics of hourly mass concentrations of water-soluble inorganic ions in PM,s, trace gases and selected meteorological factors in urban

Guangzhou, PRD.

Average tstandard ) ) Daytime Daytime Nighttime  Nighttime
L Minimum 10th median 90th Maximum : ) . )
deviation episode non-episode episode non-episode
NH, /ug ni® 3.9+2.8 <0.1 1.6 3.3 6.9 18.8 10.2 3.4 13.3 3.2
Na'/pg m° 0.6+0.2 0.4 0.5 0.6 0.8 1.7 0.8 0.6 0.7 0.6
K*pg m® 2.040.3 15 1.6 1.9 2.4 3.6 2.0 2.0 3.2 2.0
Mg*/ug m® 0.2+0.0 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2
cd'lug m® 0.1+0.1 0.0 0.0 0.1 0.2 0.7 0.1 0.1 0.1 0.1
SO /g m® 10.9+3.5 1.8 7.0 10.7 15.3 21.2 17.1 10.8 18.6 110.
NOs/pg m° 4.946.5 0.3 1.0 25 9.5 51.5 17.9 3.5 30.6 3.5
Cl/pg m® 0.6+0.6 0.0 0.2 0.4 14 5.6 1.2 0.5 1.7 0.5
NO,/ug m° 0.8+0.4 0.0 0.3 0.7 1.2 2.8 1.0 0.6 1.6 0.8
WSlIl/ug m?* 24.0+12.7 4.8 14.1 21.6 35.1 100.3 50.6 22.0 70.0 21.0

NHy/pg ni® 9.3+3.8 3.3 4.7 8.7 14.8 19.9 154 9.4 104 8.6
SO/ug m* 11.5+4.5 3.5 6.2 11.1 16.8 26.8 17.9 11.8 14.9 7 10.
HNOy/ug m® 1.740.7 0.5 1.0 15 2.7 5.0 3.5 1.9 2.0 14

NO/ug m® 16+27 <1 1 5 44 263 10 12 41 18
NO,/ug ni® 71+35 12 33 66 122 179 84 57 109 82
NO/ug m® 8754 12 35 72 155 442 94 69 150 100
HCl/pg m?® 0.1+0.2 0.0 0.0 0.0 0.3 0.8 0.4 0.2 0.0 0.0
HNO,/ug m® 3.6+2.6 0.5 1.2 2.8 7.3 13.7 3.7 25 8.2 14

O4/ug m* 53+52 1 3 31 134 252 114 81 46 23

RH/% 53+14 26 34 54 70 76 59 48 67 57
Temp/°C 25+3 16 21 26 29 31 29 26 25 24
WS/m &' 1.8+1.2 0.0 0.3 1.8 3.4 5.3 1.6 2.0 0.7 1.8

WSII: water-soluble inorganic ions; RH: relativenhidity; Temp: temperature; WS: wind speed; daytiif®0-18:00; nighttime: 19:00-6:00
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Highlights:
» PM;5 chemical composition and size distribution were measured
» Day- and nighttime nitrate episodes were observed
» Formation mechanisms causing daytime nitrate episodes were explored in detail
>

Turbulent mixing of cloud processed aerosols caused daytime nitrate episodes



